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Sustaining U.S.

Economic Growth

AjTER TWO DECADES in the economic doldrums, the U.S. economy

evived strongly in the late 1990s, as the rate of productivity growth
doubled. Although continued rapid growth during the next several decades
is certainly possible, it is not assured—and the stakes are enormous. This
chapter outlines what is known about the sources of U.S. economic growth

and describes steps that policymakers—public and private—can take to
realize the potential for growth.!

Economic Growth: Benefits, Costs, and Uncertainties

Rapid economic growth boosts private incomes and government revenues,
and thereby expands options for both private and collective action.
Increased output permits people—through their private, individual deci-
sions and through government action—to boost consumption, lower tax
rates, extend or enrich schooling, clean up the environment, strengthen
national defense, or tackle other goals. In contrast, slow economic growth
appears to foster diminished national expectations and political gridlock.?
From 1973 through the mid-1990s, for example, a lower growth rate in
private incomes—and the resulting decrease in the growth rate of tax rev-
- enues—constrained the federal government’s capacity to undertake costly
projects. Advocates of small government may regard such constraints as
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benign, but it was the relatively conservative president George H. W. Bush
who lamented at his inauguration, in 1989, that Americans “have more
will than wallet.”? And it was during his administration and that of his pre-
decessor, Ronald Reagan, that large government deficits diverted private
savings from growth-enhancing investments to finance government con-
sumption. Indeed, sluggish revenue growth was among the factors that pre-
vented the Bush administration from constructive responses to the end of
the cold war and the fall of communism in Fastern Europe. Whether or
not the administration had the will, it did not have the wallet to fund gov-
ernment actions that could have expanded opportunity in America.

Policies to improve economic growth prospects typically involve a trade-
off between known present costs and uncertain future benefis, The invest-
ments that contribute to growth come at the price of resources diverted
from current consumption. To add to the complexity of the undertaking,
contemporary understanding of economic growth—what makes it vary
over time and how it is affected by public policy—is quite incomplete.

Beginning in the early 1970s, for example, the growth of U.S. produc-
tivity (as measured by output per person-hour worked in nonfarm busi-
ness) fell by more than half, from an average of 2.8 percent a year between
1947 and 1973 to 1.3 percent a year from 1973 to 1995. If productivity
had continued growing from 1973 to 1995 at its previous trend rate, out-
put per worker would have been 38 percent higher in 1995 than it actually
was. Although the drop in the productivity growth rate was a watershed
event, its causes remain somewhat mysterious and are the subject of con-
tinuing dispute.” Many analysts believe they have a better fix on why
growth rebounded in the second half of the 1990s and resumed its pre-
1973 pace. They believe that the cause of speed-up in productivity growth
was the technological revolution in data processing and data communica-
tions, yet few if any had forecast such a speed-up.’

What is fairly certain, however, is that three broad factors have played
major roles in long-run American economic growth. Human capital—the
combination of the formal knowledge and practical skills acquired by the
labor force—is the first. Physical capital—the machines, buildings, and
infrastructure that increase productivity and embody much of our collec-
tive technological knowledge—is the second. The third is the body of ideas
that encompasses modern technology and management techniques. This
body of ideas is the principal reason we are so much more affluent than our
forebears were. Ideas—and the technology that derives from them—are
the primary long-term cause of economic growth. Nevertheless, beyond
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rr;untammg secure property rights, government policy may have its largest
cftect on economic growth by facilitating additions to human capital—thar
15, to education and skills,

Human-capital policy represents a crucial lever on growth for three rea-

sons. First, increases in educational investment have been a major source

capital policies than about the effects of policies intended to increase phys-
}cal capital investment or the stock of ideas. Third, and probably mo;‘t
important, efforts to upgrade the knowledge and skills of America’s work-
°I§ promise not only to increase output but to lower income inequality.
The ultimate goal of economic growth should be not only to expand out-

put but to distribure thar output so that as many Americans as possible can
lead better Jives.

v

Investment in Human Capital

Ever sinf:e the industrial revolution, “capital” has been central to a nation’s
cconomic growth. In the preindustrial age, land and other natural resources
largely determined a nation’s economic capacity; sometime in the nine.
t.eenth century, this role was usurped by physical capital. During the twen-
tieth century, human capital accumulated through formal schooling
became a key to economic growth. In determining a nation’s success in the
Increasingly knowledge-driven economy of the twenty-firse century,
human capital is likely to remain crucial, ‘ ,

.In'vestments in human capital—including formal schooling, on-the-job
training, and opportunities for informal Iearning—directly contribute to
economic growth by increasing the productivity, or “quality,” of a nation’s
work force. (We caution that quality used in this sense implies nothing
al?out people’s innate characteristics; it refers only to their economic con-
tr'lbutions as valued in the marketplace.) Education and training also con-
tribute to technological advance, because sclentists, managers, and other
highly trained and experienced workers are instrumental to the creation
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and application of new ideas. A better educated work force, furthermore,
facilitates the adoption and diffusion of new technologies.

Although almost all modern governments maintain schools, subsidize
educational investments, and mandate some minimum level of education,
not all governments have always viewed investments in schooling alike.
For example, most of the carly twenticth century industrial powerhouses
were not favorably disposed to mass education beyond primary schooling.
In Europe during the first half of the twentieth century, secondary and
postsecondary schooling were either for the elite, as in France and England,
or bifurcated, as in Germany, where those who did well or had resources
could attend the upper grades and others did apprenticeships.

Not so in America. With few exceptions, schooling in America was for
the masses throughout the twentieth century. It was publicly funded by
large numbers of fiscally independent districts. In constrast to schooling in
other industrialized nations, American public education has historically
been open, sex-neutral, primarily academic rather than industrial and voca-
tional, and subject to secular control.”

America in the Human-Capital Century

The United States led the world in mass education during the nineteenth
century and substantially widened its lead over much of the twentieth cen-
tury. It forged ahead by instituting mass secondary schooling early in the
twentieth century and by establishing a flexible and multifaceted higher
education system.® And carly in the twentieth century, the United States
achieved the world’s highest per capita income—a position that it main-
tained for the remainder of that century.” The twentieth century can thus
be thought of not only as the “American century” but as the “human-
capital century.”

The twentieth century became the human-capital century because of
wide-ranging changes in business, industry, and technology that increased
the demand for particular cognitive skills.'” The early twentieth century
rise of big business and of large retail, insurance, and banking operations,
for example, generated increased demand for literate and numerate office
workers. As technological changes—in industries ranging from petroleum
refining to food processing—intensified the use of science in industry,
demand increased not only for professionals and office workers but for
educated blue-collar workers. The relative value of workers who could read
blueprints and knew algebra, geometry, chemistry, and some physics
increased enormously with electrification, with the spread of the internal
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. S:scondary education paid high returns, and youths responded by con-
fuing on to the upper grades. In 1915, the earliest year for which esti-
ates have been made, each additional year of high school increased earp-
s by abour 12 percent. ! These high returns and the tising need for more
cated workers greatly increased the demand for education. But unii]
"\rl.fi War I, more than 50 percent of Americans lived in rura] areas.

hiwe coed, -s€
stitutions from its beginnings in the seventeenth cenct{ura; dBSLi?il: tsf?e(
mand for higher education Increased, the role of the public sector in ter-
ary schooling expanded: over the course of the twenieth century, the pro-
rtion of students enrolled in public four-year schools soared fr:)m Zg to
percent. 2
loward the end of the twentieth century, however, the rate of increase in
s of schooling declined substantially in the United States. Beginnin
_tl‘.le cohorts born around 1950, the growth in educational attafi;nmen%
ative-born Americans slowed perceptibly (see figure 2-1). By the 1980s
}qwdf)wn had translated into a teduced rate of increase i the educa—’

- over, . centrated among
fom minority and lower-income households, it also threatens to
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elsewhere has continued apace. Among the advanced member nations of the
Organization for Economic Cooperation and Development, the level of
educational attainment is now increasing more rapidly in nations other than
the United States, and the educational attainment of young American adults
now lags that of young adults in some other countries,13

Educational Advance in the T; wentieth Century

An ideal measure of human capital would not be limited to formal school-
ing. It would also include parental and other child care during the
preschool years, training in commercial and vocational institutions, on-
the-job training, and learning in informal settings. But because such an
ideal measure does not exist, we measure human capital by the number of
years of formal schooling or the highest grade attained. 4

Americans born in 1975 spent nearly twice as many years in school—
14.1 years versus 7.4 years, an increase of 6.7 years—as did Americans born
a century earlier (see figure 2-1).!5 For cohorts born between 1876 and
1951, the increase was 6.2 years, or 0.82 years a decade. Educational
attainment was then roughly constant for cohorts born between 1951 and
1961, and it increased by only 0.5 years for cohorts born between 1961
and 1975.

About one-half of the overall increase in educational attainment over the
twentieth century is attributable to the increase in high school attendance
and graduation, and about one-quarter is attributable to the increase in col-
lege and postcollege education. Thus the spread of mass secondary school-
ing, a movement that began in earnest around 1910, was responsible for
much of the increase in the educational attainment of native-born Ameri-
cans in the twenteth century.

At the start of the period for cohorts born in the late 1870s, the gap
in educational attainment between whites and African Americans was
3.6 years; and on average white students spent nearly twice as long in

'school as did black scudents. Beginning with the cohorts born around
1910, the gap began to close (figure 2-1). The convergence slowed for
cohorts born between 1940 and 1960 and slowed furcher for those born
since 1960. The black-white schooling gap for recent cohorts (those born
in the 1970s) is 0.6 years—one-sixth of what it was a century ago. The cur-
rent gap in educational attainment between non-Hispanic whites and His-
panics—2.3 years for those born 1970 to 1975—is nearly four times larger
than that between whites and blacks.s Because Hispanics are a large and
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Figure 2-1. Years of Schooling by Birth Cobors, U.S. Natives by Race,
1876-1975"
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Sources: 1940-90 Integrated Public Use Microsamples (IPUMS) of the U.S. federal population

censuses; 1999 and 2000 Current Population Survey (CPS) Merged Outgoing Rotation Group
(MORG) samples.

category in those years) were assigned 17.6 years of schooling (the mean for those with seventeen or
eighteen years of schooling in 1960). The categorical education variable for the 1990, 1999, and
2000 samples was converted to years of completed schooling. Categories covering more than a single
grade were translated as follows: 2.5 years for those in the first through fourth grade category; 6.5
years for those in the fifth through eighth grade categories; twelve years for those with rwelve years of
schooling, a general equivalency diploma, or a high school diploma; fourteen years for those with
some college or an associate’s degree; sixteen years for those with 2 bachelor’s degree; 17.6 years for
those with a master’s degrec; and cighreen years for those with a professional or doctoral degree,

To age-adjust reported years of schooling, we used the proportional life-cycle change in reported
yeats of schooling for U.S. birth cohorts from 1876 to 1975, Specifically, we collapsed the data into
birth cohort-year cells. We then ran 2 regression of log mean years of schooling on a full set of birth
cohort dummies and a quartic in age, pooling all the samples from 1940 to 2000 for native-born
residents aged twenty-five to sixty-four (covering birth cohorts from 1876 10 1975). The age
coefficients from this regression were used to creare age-adjusted measures of schooling evaluared at
age thirty-five. For birth cohorts observed at age thirty-five in one of our sample years, we used actual
mean years of schooling at that age. For cohorts not observed in our samples at exactly age thirty-
five, we adjusted to that age the mean years of schooling for the observed year closest to age thirty-
five (or to the average of the closest pair of years in the case of a tie). The results are quite similar if

we average the age-adjusted years of schooling of a birth cohort across all the years we observe the
cohort,
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Figure 2-2. Years of Schooling by Birth Cohort, U.S. Natives by Sex,
1876-1975"
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Sources: 1940 to 1990 IPUMS of the U.S. population censuses; 1999 and 2000 CPS MORG
samples.

a. Using the approach described in the notes 1o figure 2-1, the figure plots the mean years of
completed schooling for narive-born residents by birth cohort and sex, adjusted to age thirgy-five.

rapidly growing share of the U.S. labor force, their level of educational
attainment s critically important for future American productivity,!”
Men and women spent similar amounts of time in schoo] on average
over the twentieth century (figure 2-2), but men born before about 1955
were more likely to graduate from college (figure 2-3). Male college grad-
uation rates surged for the peak World War I1 draft cohorts, born from the
early 1920s, and continued to grow rapidly for the Korean War draft
cohorts. The expansion in college graduation rates reflects, in part, the edu-
cational benefits provided by the G.L Bill, which were available to the
(mostly) male veterans of World War II and the Korean War 8 College
graduation rates for men again soared during the Vietnam War, as young
men sought to avoid the draft through student deferments, When the draft
ended, in 1973, the rate ar which men graduated from college plummeted,
only to rise again in the face of rising labor market recurns to education in
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Figure 2-3. Graduation from College by Birth Cohors, U.S, Natives by Sex,
1876-1975°
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Sources: 1940 to 1990 IPUMS of the U.S, population censuses; 1999 and 2000 CPS MORG
samples. .

a. The figure plots the fraction of native-born college graduates by birth cohort and sex adjusted
to age thirty-five. For the 1940-80 samples, college graduates were defined as those who had
completed sixteen or more years of schooling; for the 1990-2000 samples, college graduates were
defined as those who had a bachelor’s degree or higher. The log of the college graduation rate for a
birth cohort-year cell is the dependent variable in the age-adjustment regressions. The adjustment
approach was the same as that described in the notes to figure 2-1.

the 1980s (which were apparent for cohorts who had been born in the
early 1960s). Women’s rates of graduation closely follow those of men,
with some exceptions, such as for the World War 11 and Korean War
cohorts. For cohorts born since the carly 1960s, the women’s college grad-
uation rate exceeds that of men.

Differences in educational attainment by race and socioeconomic status
have persisted and in some cases increased over the past two decades. For
cohorts born since 1960, the rate ar which African Americans graduated
from college increased less rapidly than the rate at which whites did. More-
over, during the period of sharply rising educational wage differentials in
the 1980s, differences in the rate of college attendance and graduation by
family income increased.
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Figure 2-4. Educational Attainment of the Work Force, 1940-2000

Fraction, by years
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Source: Table 24-1.

Educational Astainmeny of the Work Force and
Educational Wage Differentials
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American work force increased particularly rapidly from 1940 to 1980, as
better educated young people replaced less educated older cohorts in the
work force.? Progress slowed thereafter.

How have the privare economic returns to education, as measured by
educational wage differentials, evolved? Even as carly as 1915, the private
economic return to a year of ejther high school or college was substantial,
Those returns likely helped to spur the rapid increases in educational attain-
ment that characterized the era of the high school movement, from around
1910 to 1940. Educational wage differentials narrowed substantially from
1915 to0 1950, then expanded modestly for seyeral decades before narrow-
ing again in the 1970, Significant increases occurred again in the 1980s,
and some modest advances continued in the 1990s (figure 2-5),

Changes in the Wage structure are largely shaped by a race between the
tising demand for skills, which i driven by technological changes and
industrial shifts in employment, and the increasing supply of skills, which
is driven by immigration, demographic shifts, and changes in educational
investment across cohorts, 22 Throughout the twentieth century, demand
shifted toward industries and occupations that employed workers with
higher than average levels of education. At the same time, technological
change also increased the demand for well-educated workers, both within
industries and within occupations.” From 1915 to the 1970s, when
increasing supply more than offset the added demand for skilled workers,
educational wage differentials narrowed. Since 1980, demand for well.
educated workers has outpaced supply, and educational wage differentials
have been rising in consequence.

Countries in which increases in educational attainment have recently
slowed~including the United States, the United Kingdom, and Canada—
have experienced greater increases in educational wage differentials, espe-
cially for younger cohorts, than have countries where educational attain-
ment has continued to expand rapidly, such as France, Germany, and the
Netherlands.* Since about 1980, several factors have boosred education
returns and wage inequality in the United States, The growth in the sup-

Compensation for the top achievers in many fields, including business,
sports, and entertainment, has greatly increased. The real value of the min-
imum wage has fallen, Beginning in 1995, tight labor markers, an increase
in the real minimum wage, and rapid growth in productivity helped spur
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Figure 2-5. Educational Wage Differentials for All Workers and Young Male
Workers, 1915-2000
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Sources: Returns to a year of high school and a year of college for young men are from Claudia
Goldin and Lawrence E. Karz, “Decreasing (and Then Increasing) Inequality in America: A Tale of
Two Half-Centuries,” in E Welch, ed., The Causes and Consequences of Increasing Income Inequality
(University of Chicago Press, 2001), rable 2.4 and figure 2.6, and are based on dara from the 1915
lowa State Census, the 194070 IPUMS of the U.S, population censuses, and the 1970 to March
1996 CPSs. The samples include full-year nonfarm workers wich zero to nineteen years of potential
experience. Returns to a year of college for all workers are based on data from the 1915 lowa State
Census, the 1940-80 IPUMS of the U.S. population censuses, and 1980-2000 CPS MORG
samples. The return to 2 year of college equals the regression-adjusted wage differential between 2
worker with exactly sixteen years of schooling (or a bachelor’s degree) and with exactly twelve years
of schooling (or a high school degree), divided by 4. The college returns for 1940 to 2000 were
derived from log hourly wage regressions for samples of all workers (men and woman) aged eighteen
to sixty-five, using the same specifications and data-processing procedures as David H. Autor,
Lawrence . Katz, and Alan B. Krueger, “Computing Inequality: Have Computers Changed the
Labor Market?” Quarterly Journal of Economics, vol. 113, no. 4 (1998), table 1. The 1915 to 1940
change in the college wage premium uses samples of full-year workers from Iowa and the methods of
Claudia Goldin and Lawrence E Karz, “Education and Income in the Early Twentieth Century:
Evidence from the Prairies,” Journal of Economic History, vol. 60, no. 3 (2000), pp. 782--818.

wage growth among low carners. These developments slowed the trend
toward increasing wage inequality—and in the late 1990s even narrowed
wage inequality among workers whose earnings were below the median. In
the United States, current economic returns to a college education are
at least as high as they have been in sixty years. An increase in the ranks of
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college-educated workers should boost economic growth and reduce wage

inequality.

Education, Labor Quality and Economic Growth

For nearly fifty years, economic analysis has shown thar an increase in the
quality of the labor force will boost output. The differences in the wages
paid to workers with differing characteristics reflect the quality—or market
value—of those characteristics.

Analysts disagree on the precise importance of the different channels by
which education affects economic growth, but they concur that the over-
all effect of education on growth is large.?> Research comparing economic
growth among different countries has found that per capita output
increases more rapidly in nations that have both a high level of educational
atrainment and rapid growth in educational attainment.2¢

The direct contribution to economic growth of increases in the educa-
tional attainment of the U.S. labor force can be estimated through stan-
dard “growth-accounting” methods.?” The procedures involved are
straightforward. The key assumption is each factor of production is paid a
price—wages, profits, or rents—that equals the value of its contribution to
production. The first step, then, is to measure the change in the quantity
of each measurable factor of production. The proportionate change in the
quantity of a measurable input, multiplied by its share of national product,
measures its contribution to the rate of economic growth. Usually, changes
in the directly measurable factors of production do not account for the
entire change in output. The residual is referred to as the change in total
factor productivity. In the next two sections we measure the contributions
of improvements in the education, work experience, and other character-
istics of the labor force to U.S. economic growth from 1915 to 2000. We
also consider the implication of recent demographic and educational trends
for future U.S. economic growth.

EDUCATION. Compensation of labor—wages plus fringe benefits—
accounts for approximately 70 percent of production. Assuming labor is
paid its marginal contribution to output and that output is proportional to
inputs, a 1 percent increase in effective labor, occurring through an increase
in the average human capital of the work force, directly boosts outpur by
0.7 percent.?

On average, from 1915 through 2000, increases in educational attain-
ment boosted the effective size of the work force by 0.5 percent a year
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Table 2-1. Educational Growth Accountz'ng. C’/ﬂzz'n—Wézg/ﬂed Indexes,

1915-2000*
Annual percent change

‘ . 3 Change in educational
in educational productivity attainment of work

’ — T
Period Employment Hours Jorce (years)
191540 0.52 0.50 1.38

1940-60 0.50 0.49 1.52
1960-80 0.61 0.59 1.93
1980-2000 0.35 0.35 0.86

1915-2000 0.50 0.48 5.69
Sources: 1915 Iowa State Census sample; 1940, 1960, and 1980 IPUMS of the U.S. federal pop-

ulation censuses; 1980 and 2000 CPS MORG samples.

a. Details of the construction of the educational productivity indexes are given in appendix 2B.
The indexes cover the civilian work force (aged sixteen or older) in each year, The reported educational
productivity changes are based on chain-weighted prices, (Fixed-weighted prices give similar results.)
Changes from 1915 to 1940 are for Iowa; changes for the other periods cover the entire United States,
The education groups used are 04, 5-6, 7-8, 911, 12, 13-15, and 16 or more years of schooling,
The chain-weighted index covering years £to ¢ uses the average educational wage differentials for tand
£. The employment-based indexes weight workers by their sampling weights; the hours-based indexes

weight workers by the product of their sampling weight and their hours worked in the survey refer-
ence week.

(table 2-1).% Thus education contributed an average of (.35 percentage
point a year to economic growth (0.7 x 0.5) over an eighty-five-year
span—a contribution that equals 22 percent of the average annual increase
in labor productivity of 1.62 percent.”® (The contribution of education to
economic growth depends partly on how the changes are measured. The
text box and appendix 2B explain in more detail how the contribution of
education to the effective labor force was measured.)

Improvements in educational attainment and the contribution of edu-
cation to productivity varied during the twentieth century. As shown in

attainment of the work force from 1980 to 2000 shaved productivity
growth by 0.13 percent a year relative to the average for 1915 to 1980.
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To measure the contribution of education to economic growth, we compute an edu-
cation productivity index, £, of the U.S, work force for selected years 7 The index
~isgivenby E = 2,4, §,, where w, is the (adjusted) wage of education group. 7 (rel-
ative 1o a reference education group) in a base period 7, and S, is the share of edu-
 cation group 7in employment (or total hours) in year z The wage of each education
group is adjusted for differences across the groups in experience and derhographic
variables. If one assumes that differences in education reflect the impact of school-
ing on productivity, the growth in this index measures the contribution of educa-
tional upgrading to aggregate labor-input growth (through improvements in the
 average human capital or “quality” of the work force). Although an alternative view
holds that education signals inherent differences in the productivity of workers that
sit-uncovers but does not cause, the bulk of evidence supports the assumption that
education actually contributes to increased economic productivity (see David Card,
“The Causal Effect of Education on Earnings,” in O, Ashenfelter and D. Card, eds.,
Handbook of Labor Eeonomics, vol, 3A [Elsevier, 1999)), Appendix tables 2A-1 and
2A-2 provide detailed information on the changes in the educational attainment of
the U.S. work force over the course of the twentjech century; these changes are sum-

- marized in figure 2-4. The relative wages used in the education productivity index

-weighted” index), or with fixed weights. These two approaches produce sim-
ilar results; the results shown in table 2-1 were obtained using the first approach.

Prospects for a return to rapid increases in educational attainment and
high contributions of human capital to economic growth do not appear
favorable. Recent projections indicate that during the next two decades, the
proportion of the labor force thar is college educated will increase by 1.5 to
5 percentage points.?! By comparison, the college-educated portion of the
labor force increased by 8.6 percentage points from 1980 to 2000. We pro-
ject that the annual rate of productivity growth attributable to education
which was 0.35 percent from 1980 to 2000, will decline to between 0.06
and 0.17 percent from 2000 through 2020.3

Although the contribution s difficult to quantify precisely, increases in
educational artainment also made a large indirect contribution to eco-
nomic growth by fueling innovation and the diffusion of new technologies
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into the work place. Businesses with better-educated workers adopted new
technologies sooner and showed greater productivity benefits from invest-
ments in information technology.* Furthermore, highly educated labor is
the primary input into research and development (R&D), and some esti-
mates suggest that the intensity of R&D has been a significant (and possi-
bly the largest measurable) contributor to growth in U.S. labor productiv-
ity over the past fifty years.*

OTHER ASPECTS OF LABOR QUALITY. Wage rates vary not only with edu-
cation but also with experience, sex, nativity, and race. If one makes the
critical assumption that differences in wage rates reflect differences in
worker productivity, it is possible to construct an “augmented” measure of
the quality of the labor force that encompasses a broader set of worker
characteristics associated with significant wage differentials. To the extent
that discrimination on the basis of characteristics such as race, nativity, or
sex distorts wages, the assumption that wage differentials measure genuine
differences in economic productivity is not warranted.” However, the indi-
rect effects of discrimination on wages—those that arise, for example, from
being denied access to good schools or to in-service training—do affect
productivity and are therefore included.

Labor force quality, measured in this fashion, increased by an average of
0.42 percent annually from 1915 to 2000 (table 2-2)—a contribution that
is almost identical to that of increasing educational attainment. In other
words, improvements in educational attainment can account for the entire
secular increase in the measured quality of the labor force from 1915
through 2000. Factors other than education sometimes added to and
sometimes subtracted from improvement in labor quality, but these effects
canceled each other out over the period as a whole. The rising proportion
of women in the work force slightly lowered measured labor quality. The
effects of changes in the age composition of the work force differed by sub-
period. As more and more children remained in school until their late
teens, the proportion of youth in the labor force declined, which con-
tributed to faster growth in the quality of labor from 1915 to 1940. From
1960 to 1980, the entry of the large baby boom cohorts, who were initially
young and inexperienced, decreased the quality of the labor force. The
resulting large increase in the proportion of younger, inexperienced work-
ers almost completely offset the coincident rapid improvements in educa-
tional attainment. As a result, the period from 1960 to 1980 saw unusu-
ally small growth in overall labor quality, despite being a period of an
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Table 2-2. Augmented Labor Quality Index: Annual Percent Changes,
Chain-Weighted Prices, 1915-2000°

Period Employment Hours
191540 0.61 n.a.
1940-60 0.47 0.46
1960-80 0.12 0.14
1980-2000 0.43 0.43
1915-2000 0.42 n.a.

Sources: 1915 Iowa Stare Census sample; 1910, 1920, 1940, 1960, and 1980 IPUMS of the U.S.
federal population censuses; 1980 and 2000 CPS MORG samples.

a. Details of the construction of the labor quality index are given in appendix 2B. The reported
labor force quality changes are based on labor force quality indexes using chain-weighted prices. The
in_dcxes cover the civilian work force (aged sixteen or older) in each year. The chain-weighted index cov-
ering years 7to ¢' uses a predicted wage, based on average wage differentials for zand #'. The employ-
ment-based indexes weight workers by their sampling weights; the hours-based indexes weight worl-
ers by the product of their sampling weight and their hours worked in the survey reference week.

unusually rapid work force educational advance, From 1980 to 2000, how-
ever, as baby boomers acquired experience, the corresponding increase in
the quality of the labor force offset the unusually small increase in educa-
tional attainment. Thus the increase in the quality of the labor force dur-
ing these two decades was equal to the average for the twentieth century.

Once again, prospects for the future are not good. During the next
twenty years, as the baby boom cohorts move beyond their peak earning
years, the gains in labor quality that have stemmed from changes in the age
structure of the work force are projected to stop.” Because improvement in
educational attainment is also projected to slow during the next two
decades, improvement in the quality of the labor force is likely to con-
tribute less to increased worker productivity than it did, on average, dur-
ing the twentieth century.

Human-Capital Policy

Governments mandate and subsidize schooling in part because people, if
left to their own devices, may invest less in education than is socially opti-
mal. Many families are too poor to pay for much education directly. Nei-
ther children nor their parents can borrow against the future earnings that
education will help pupils to earn. Some parents, even those who can
afford to pay for education, may not act in the best long-term interests of
their children. Nor are children always rational and compliant. Finally,
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many argue that, in addition to the direct benefits for students and their
families, education benefits society at large through peer effects, knowledge
spillovers, and reductions in crime.?” Education can also facilitate the eco-
nomic advance of those from disadvantaged backgrounds. The credit mar-
ket imperfections facing many families in financing educational invest-
ments, along with the possible broader social benefits of education, help
justify substantial government subsidies for investment in human capital.

Increased investments in human capital offer an unusual opportunity to
both promote economic growth and reduce economic inequality. The key
policy question is whether, given the current level of government support
for education in the United States, many families still face large financial
and information barriers that may seriously hinder them from making
high-return educational investments, ranging from early-childhood educa-
tion to postsecondary schooling and training. Much evidence suggests that
such constraints remain significant for low-income and minority families.
For that reason, targeted investments in education and training have the
potential to generate social rates of return at least comparable to those of
other private investments.?*

A first area of concern involves the access to and affordability of college
for low-income and minority youth. Since 1980, the earnings of college
graduates have risen substantially in comparison to the earnings of those
with less education. This evidence suggests the existence of large economic
returns to expanding college attendance and completion. Although overall
college attendance has increased since 1980 (the proportion of high school
graduates continuing on to college rose from 49 percent in 1980 to 60 per-
cent in 1990 and to 63 percent in 1999), the gap in college attendance rates
by race, ethnicity, and parental income remains large—and appears to have
widened over the last twenty-five years.” And among students with similar
academic grades and scores on achievement tests, family income remains an
important factor in explaining differences in college enrollment rates.

Thus financial constraints appear to remain a barrier to college for low-
and moderate-income youths.*! Furthermore, reductions in college costs
(lower tuition and increased financial aid) greatly increase college atten-
dance rates for youths from moderate-income families.®? Recent esti-
mates—using “natural experiments” involving changes in access to college,
changes in college costs, and compulsory schooling laws—indicate high
rates of return accruing to the marginal (typically low-income) youths
affected by such policy interventions.* From the early 1980s to the mid-
1990s, college attendance costs—tuition and fees minus financial aid—
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rose far more rapidly than did income for low- and moderate-income fam-
ilies.* These increases in net college costs are likely to have hindered low-
income and moderate-income youth from attending college. Improve-
ments in the targeting of private and public financial aid and the creation
of a more transparent system for financial aid applications and financial aid
information could increase college attendance among disadvantaged youth.

Easier access to college may be too late for many low-income youth who
do not have sufficient academic preparation. Mentoring programs that
combine social and academic support with financial assistance for postsec-
ondary training can substantially improve academic preparation and like-
lihood of going to college for low-income children.® Some “second-
chance” job-training programs for disadvantaged youth who have dropped
out of high school also appear promising. In particular, the residential-
based Job Corps program, which serves mostly poor urban dropouts aged
sixteen to twenty-four, has consistently produced high social returns by
increasing earnings and reducing ctiminal activity.* Expanding the fund-
ing for successful mentoring programs and increasing the number of Job
Corps slots are both warranted.

Policies intended to improve human capital should also target early
childhood. Most research has found large returns from investment in high-
quality early-childhood education programs targeted to low-income fami-
lies.#” Increased funding for Head Start, the largest federal preschool pro-
gram, could strengthen its quality and increase access; with sufficient
funding, it might also be possible to include children younger than three
years old.

There is less agreement about the effectiveness of specific policies
intended to improve the quality of primary and secondary schooling. The
impact of increases in school resources within current public school sys-
tems remains a controversial issue. * For example, evidence from the large-
scale random-assignment STAR experiment in Tennessee strongly suggests
that, holding teacher quality constant, smaller class sizes in the early grades
improve academic performance, particularly for poor and minority chil-
dren.* Research also indicates that the quality of teachers, although diffi-
cult to measure, is especially important for pupils from disadvantaged
backgrounds. But attempts to reduce class size for all public school stu-
dents, as mandated under California’s recent statewide policy, are likely to
make it difficult to hold teacher quality constant: universal reductions in
class size are quite likely to require increasing the share of teachers who are
less experienced, less qualified, or both (at least for some intermediate-run
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period). Moreover, the more affluent schools and districts are likely to out-
bid their poorer counterparts in efforts to hire the most qualified teachers.
Thus reducing class size for all may do little to help students from low-
income backgrounds. For schools with low-income students, more targeted
attempts to increase the quality of teachers and reduce class size appear to
be more promising—and would certainly be less expensive than universal
reductions in class size,

In the United States, where schools have traditionally been financed
locally, parents have been able to express their educational preferences by
choosing where to live. In effect, this exercise of parental choice created
competition among schools—which, throughout much of the twentieth
century, helped expand and improve schooling in the United States. But
such a system may not work well for those from disadvantaged back-
grounds when poverty constrains residential choice, Programs that allow
low-income families to exercise choice and expand their children’s educa-
tional options—including public school choice, charter schools, and
vouchers—deserve further experimentation.

Since 1970, poverty has become increasingly concentrated in inner
cities, and residential segregation by family income has risen sharply.>°
Both factors have lowered the level of investment in human capital for chil-
dren from low-income families. Recent research on programs that enabled
low-income families to move from high-poverty neighborhoods to middle-
class communities indicates that concentrated neighborhood poverty
greatly harms children and that living in lower-poverty neighborhoods
improves children’s educational performance, health, and behavior.5! These
studies suggest that policies to promote residential mobility—increasing
the availability of housing vouchers, for example—would also improve
human capital among children from low-income families.

Investment in Physical Capital

Could shifts in government policy produce large enough changes in rates
of investment in physical capital to significantly boost economic growth?
In the 1950s, Robert Solow and Moses Abramovitz published theoretical
and empirical studies showing that physical capital was not the most
important source of the increase in labor productivity and living standards
in the twentieth century.? Physical capital deepening (increases in the
quantity of capital used to produce each unit of output) has played second
or even third fiddle. Nearly all research, at least since the pioneering work
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of Edward Denison, has found that total factor productivity—the “resid-
‘ual” increase in output that cannot be directly accounted for by increases
in the quantity or quality of labor or capital—was the primary cause of ris-
ing U.S. incomes and productivity in the twentieth century.”?

Moreover, the capacity for shifts in policy to generate faster growth
~ through higher physical capital investment is lower than one would sup-
pose from a standard growth-accounting analysis dividing growth between
labor, capital, and the “residual.” With a constant investment (or saving)
rate as a share of national product, increases in incomes arising from
growth in total factor productivity will induce increases in investment, so
that the capital stock will grow roughly as fast as total outpur. In this case,
a standard growth-accounting analysis will atcribute perhaps a third of
labor productivity growth to this increased physical capital stock. But this
higher income-driven increase in the physical capital stock is, in some
sense, mechanical. Policies—whether good or bad—that attempt to affect
growth by affecting investment and saving must do so by changing the
economy’s capital-output ratio. Significant changes in the economywide
capital-output ratio have been rare since the nineteenth century and are
difficult to accomplish through economic policy.

Fluctuations in U.S. economic growth have stemmed primarily from
changes in total factor productivity. Since World War I1, growth in total
factor productivity has oscillated from a relatively robust 2 percent a year
from 1947 to 1973, to near zero from 1973 to 1995, and back to a healthy
1.5 percent a year since 1995. The ratio of capital to output, in contrast,
was relatively steady from before World War I until the past decade. Nei-
ther economic policies nor changes in the behavior of the private sector
materially changed the rate of investment in physical capital; thus the
effect of capital investment on overall economic growth remained rela-
tively constant,>

Starting in 1994, however, gross physical investment—much of it in
information technology—began to rise sharply as a share of GDP (sec fig-
ure 2-6). The extraordinary and ongoing revolution in information tech-
nology has substantially increased investment in physical capital since the
mid-1990s and is likely to continue to increase such investment in the
future. Almost all analysts agree that two factors account for much of the
mid-1990s acceleration in the rate of American economic growth: the
sharp rise in investment in information technology and the increases in
total factor productivity in the manufacture of capital goods related to
information technology. These two factors combined have boosted the
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Figure 2-6. Rea] Priyaze Investment Divided by Real GDP*

Percent

18
16
14

12

1960 1970 1980 1990 2000

Source: National Income and Produyct Accounts, revised as of December 2001, a5 constructed by
the Bureau of Economic Analysis.

2. Gross private domestic investment estimates,

Governments Role iy Physical Capital Investmeny

Higher rates of Investment in physical capital eventually increase economjc
growth and the ratio of physical capital to output. In the short run, how-

the investment decision, markets May generate too little or tog much
investment. In the case of research, investment produces knowledge thar is
useful to people or businesses outside the company that sponsors the
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~ Table 2-3. Components of Acceleration in Productivity Growh,
1996-2000 versus 199; -95

Component LPercent
Total acceleration in labor productivity 19962000 versus 1991-95 1.00

Capital deepening 0.57
Information technology 0.54
Computer hardware 0.36
Computer software 0.13
Telecommunications equipment 0.07
Other capital 0.02
Multifacror productivity 0.62
Semiconducror production 0.30
Computer hardware manufacturing 0.06
All other sectors 0.26
Labor quality -0.20

Source: Steven D. Oliner and Daniel E. Sichel, Information Technology and Productivity: Where Are
We Now and Where Are We Going? (\Washington: Federal Reserve Board, 2002),
2. Detail may nor add to toral due to rounding,

made today. In such cases, government policy can, in principle, improve
economic welfare by encouraging saving or investment or by fostering a
change in the composition of savings or investment. What js possible in
principle may be difficult to implement in practice, however—a problem
that will be discussed Jacer jn this chaprer.

As noted earlier, governmental support of education~through man-
dates, financial assistance, or other policy initiatives—is justified by capi-
tal market imperfections that prevent individuals from borrowing in
advance against the increased carnings that education will produce and by
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physical capital, workers will not be able to use their skills effectively, and
without the requisite education, workers will not be able to use capital
equipment effectively, >

Cross-country studies of patterns of economic growth have identified 2
strong positive correlation between investment in physical capital—espe-
cially in machinery and equipment that embody modern technology—and
rapid growth in labor productivity. This result is hardly surprising, but the
estimated annual rate of social return—20 percent a year or more—exceeds
the estimated after-tax private return to investment by 5 to 10 percentage
points. Of course, correlation is not causation. Other factors could con-
ceivably be causing both high investment and rapid increases in labor pro-
ductivity. However, the cross-country correlation holds whether the source
of high rates of investment is high national savings or low domestic prices
on investment goods.

Industry studies also point to important complementarities between
investment in physical capital and the growth of total factor productivity.
Successful workplace reorganizations to take advantage of new information
technologies require substantial up-front investments in physical capital.
But much larger investments are flecessary to reorganize business opera-
tions to make full use of the new technologies.” Once one company has
made such investments and figured out how to do business in a new way,
other companies can apply these lessons at a lower cost, A historical exam-
ple can illustrate such complementarities.’® A century ago, when electric
power first became available to U.S, industries, a few companies began to
experiment with new ways to organize production. These experiments,
which took advantage of the flexibility made possible by electric power,
eventually led to the development of what became known as mass produc-
tion. As other companies imitated these new techniques, they spread
throughout the cconomy, producing vastly larger benefits than those that
accrued to the companies that had originally developed them. The social
learning and experimentation that produced these efficiencies were not
possible, however, until the new technology had diffused sufficiently.

If other companies can save even a small proportion of the costs
incurred by the innovating company, the social returns to investment in
newly developed technologies are much larger than the private returns. It
is because the social returns to investment in physical capital can exceed the
private returns that government should concern itself with the level of
physical investment. The steady decline of the U.S. private saving rate dur-
ing the past generation strengthens the case for such involvement. During
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the 1950s and 19605 household savings were more than 7 percent of
_ household income; by 2001 they had fallen to 2 percent. One possible
explanation s that there has been 2 radical drop in Americans’ interest in
the future relative to the present, but there is little other evidence that we
no longer care about our future well-being or that of our children. Another
possible explanation is thar there s a sense that we are subject to fewer eco-
omic risks (and therefore have less need to build up wealth as a hedge).

But risks have not vanished, as household saving very nearly did during the
late 1990s. More likely, the drop in saving is not an example of purely
rational houschold optimizing behavior, but stems instead from an some-

what irrational faich that the stock market gains of the 1990s would con-

tinue forever (a delusion thar ended abruptly in 2001), or from aspects of
American life that encourage consumption rather than saving.

Precise estimates of the gap between private and social returns to invest-

ment in physical capital are hard to make, Nevertheless, most empirical

tesearch suggests that the social benefits of investment greatly exceed the

private returns.®® Thuys, provided that effective policies can be designed,

enacted, and implemented, government policies to boost saving and invest-

ment could produce social benefits that exceed their cost.

Strategies for Boosting Investment in Physical Capital

That it is desirable in principle to influence saving and investment does
not mean that it is possible to do so effectively in practice. Nevertheless,
there are a number of strategies worth exploring. Government can try to
‘encourage private saving, it can try to make investment more attractive,

and it can make a direct contribution to national saving by running bud-
get surpluses.©!

SAVING INCENTIVES. Traditional tax-based initiatives to provide incen-
tives for household saving have been consistently difficult to design and
implement. They also appear to have been relatively ineffective. During the
~ 1980s and 1990s, for example, Congress enacted a welter of tax incentives
to promote retirement saving, including two kinds of individual retirement
accounts, two types of Keogh plans, simplified employee pensions, and
401k plans. These plans shared certain features: all permitted savers to
- make deposits in qualified accounts up to some legislatively defined limit;
all allowed such deposits to be deducted or excluded from current taxable
income; all excluded the investment earnings on such accounts from cur-
rent tax; and all stipulated that when funds were withdrawn, they would be
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subject to ordinary income tax—and if withdrawn prematurely, to an addi-
tional penalty tax. Deposits in these plans grew rapidly and had reached
$5 willion by 1999. Despite the large flow of funds into such accounts,
however, household savings fell from over 7 percent of household income
during the 1980s to an average of 2 percent in 2000-01. One of two con-
clusions is inescapable: that households would actually have been net bor-
rowers but for these incentives or that the incentives substantially failed.

The problem with these saving incentives, and most others, is that they
produce two roughly offsetting effects. On the one hand, tax concessions
increase savers’ real lifetime wealth by lowering their tax payments. Ordi-
narily, increases in wealth lead to increases in consumption, and increased
consumption leads, in turn, to reduced saving—because saving is simply
the difference between income and consumption. With tax and other say-
ing incentives in place, however, current saving buys more future con-
sumption—by, in effect, reducing the “price” of future consumption. And
when the price of any good falls (holding real income constant), people
want more of it. Research to determine whether the “wealth effect” (which
decreases saving) or the “price effect” (which increases saving) is dominant
has reached conflicting conclusions. The lack of clear findings suggests that
whatever effect such saving incentives have, they are almost surely small 62

Unconventional saving incentives may prove to be more promising than
tax incentives, however.* Some studies suggest that people divide their
wealth into separate “mental accounts,” some of which they regard as avail-
able for current consumption, while others are not. If household wealth
can be channeled into accounts that are not regarded as available for cur-
rent consumption, saving could increase. Evidence also suggests that peo-
ple may be willing to commir a larger part of future wage increases to sav-
ing than of current income. Public policies designed to encourage
households to make such commitments could gradually increase saving, 5
To the extent that household saving patterns are dominated by such quasi-
rational behaviors, public policies that take advantage of such behaviors
may prove to have large net effects on saving rates.® However, no consen-
sus has emerged on the importance of such quasi-rational behaviors, or on
how government economic policy can manipulate such behaviors to
increase social welfare.

INVESTMENT INCENTIVES. Direct incentives to investment have consid-
erable intuitive appeal. If the ultimate goal is to increase the positive exter-
nalities induced by investment, incentives that directly promote investment
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are an appropriate strategy.” For most of the period from 1962 through
1986, Congress provided a tax credit for investment in equipment but not
in structures. The Tax Reform Act of 1986 repealed this credit for several

and those that would have been made anyway,*® most of the credits
tewarded firms for having made investments that would have been under-
taken in any case. In addition, the credit raised formidable administrative
. problems and distorted investment decisions. In order to minimize con-
struction costs and maximize equipment costs, for example, office build-
_!hgs were constructed with movable interior partitions and wiring (which
were regarded as equipment and therefore favored under the tax law) rather
than with fixed walls (which were regarded as structures and did not qual-
fy for the credir). In addition, like all other rax incentives, the credit nar-
rowed the tax base, which necessitated increased tax rates and brought
about associated distortions in incentives on the items that remained tax-
able. In the end, Congress decided that a tax law that applied lower rates

t0 a broader tax base would distort economic behavior less than would a
tax law that applied higher rates to a narrow base.

A tax credit that applied only to incremental investment would have

narrowed the tax base less than did the full investment tax credit. But a nar-

ow incremental credit creates even more vexing administrative complexi-

‘ ties and unintended incentives: namely, businesses dissipate time, energy,

and resources in making a normal investment project seem “incremental.”

forms of investment—in part because, as a practical matter, it is impossi-
ble to tax everything in a complex modern economy (agriculture, mining,
forestry, manufacturing, and finance, for example) in exactly the same way,
and in part because some industry representatives are more successful than
others in securing tax breaks from elected officials. But in nearly all cases,
impartial analysts agree that taxing different forms of investment ar differ-

ent rates diverts capital from its most productive uses and reduces eco-
omic efficiency.

THE GOVERNMENT BUDGET. The most direct and effective means of boost-
ing investment in physical capital through public policy is one that was
proposed forty years ago. The 1962 Economir Report of the President rec-
ommended that over the business cycle as a whole, government should use
a “tight,” high-surplus fiscal policy to boost national saving, accompanied
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by a “loose,” low—interest rate monetary policy to ensure that the savings
are invested and that full employment is maintained. The logic is straight-
forward. National investment is constrained by national saving. National
saving equals saving by the private sector plus the government’s budget sur-
plus (or minus the government’s budget deficit). If public policy cannot, as
a practical matter, increase private saving very much, the only way to boost
national saving s for the government to run a budget surplus. Increasing
national saving makes it possible to increase national investment,

The experience of the 1990s demonstrates clearly the effect of increased
government saving. From 1990 through 1995, government budgets, on
average, borrowed 3.9 percent of GDP. In 2000 government budgets were
in surplus and added 2.6 percent of GDP to savings, a swing of 6.5 per-
centage points. Over this period, domestic investment rose by 3.5 percent
of GDR despite a drop in private savings of 4.5 percent of GDP. The events
of 2001 and 2002 sharply reversed this situation. As a result of tax cuts, a
recession, and increased defense spending, both the federal budget and
state budgets swung from surplus to deficit. It now appears that for much
of the upcoming decade, the government will once again drain private
savings from potentially productive private investments to finance cur-
rent consumption (for further detail on the prospects for the budget, see
chapter 4).

Given the difficulty of accurately focusing incentives to encourage
investments in physical capital and the ineffectuality of traditional saving
incentives, a budget surplus remains possibly the best way for the federal
government to boost physical capital investment.®® Because of the tax cut
of 2001, however, which was implemented in the face of increased federal
spending, it now appears that federal policy will discourage, rather than
encourage, investment and associated economic growth for much of the
current decade.

Investment in Technology

Society invests not only in human capital and in physical capital but in
ideas—in science, engineering, and business organization. Ideas have an
important advantage over physical assets: they are “nonrival” goods, mean-
ing that many people can use them at the same time without reducing the
supply available for others.” Thomas Jefferson put it best: “He who receives
an idea from me, receives instruction himself without lessening mine; as he
who lights his taper at mine, receives light without darkening me.””!
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Because each person can use ideas without diminishing the stock avail-
‘able to others, the most basic of economic principles suggests that tech-
ology should be available to everyone free of charge. Once an idea exists,

Ze10, ptivate companies have no incentive to create i, Profit-oriented
businesses, which must cover cheir costs to keep operating, will not ordj-
arily invest in something that cannot be sold ar 2 profit. Thus the price

A government subsidy for the development of new ideas is one way to
close this gap. Bu if the government is to subsidize investment in technol-
- 0gy on a large scale, it needs to determine where the subsidies should flow,
Unfortunately, government officials lack the incentive—and often the
decide how best to allocate subsidies for applied R&D. As
1 onomist Friedrich von Hayek, market competition is a dis-
covery mechanism and the best Way to promote innovation. Von Hayek
also recognized that there are powerful administrative defects in the top-
down control that comes with centralized funding.

Another way to cncourage R&D is by granting patents—or in the case
of some intellectual property, copyrights—which enable the holders to
charge what are essentially monopoly prices. Once again, however, the
- monopoly prices that encourage the development or discovery of new

coning health technologies examined in chapter 5, and for the issues of
international trade examined in chapter 10.) To complicate the matter stil]
'further, because both basic and applied research are cumulative enterprises,
’hve benefits of basic research can be realized only if the research is widely

The dlfﬁcult.les associated with creating incentives for research are par-
cularly acute in the case of information technology. No one yet knows
nough to design systems thar will successfully nurture investment in ideas
- d Fechnology. New institutions and new kinds of institutions may be
required, and it may be Necessary as well to revisit some that have been
ied before. Some computer software developers, for example, found that
hey could do better when they removed program components that had
prevented users from copying their software (in effect, enabling users to
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violate the developer’s copyright) because increased use promoted sales. In
the early nineteenth century, the French government purchased the first
photographic patents and placed them in the public domain. Similar steps
may again be necessary if the United States is to simultaneously ensure
that goods can be sold at marginal production cost—the condition for
production efficiency—and elicit entrepreneurial energy, support cumula-
tive research, and promote R&D.”?

So far, the difficulty of managing the rewards for innovation and the dif-
fusion of knowledge has not prevented the American economy from
undergoing a long-term, knowledge-driven productivity boom. Productiv-
ity growth normally collapses during recessions. But during the recession of
2001 and 2002 it remained robust, strongly suggesting that the productiv-
ity recovery that began in the mid-1990s will persist.

The inventions and innovations that fueled the information technol-
ogy—driven boom promise a bright future for the growth of labor produc-
tivity in America. But the outlook could be brighter still. Estimates of the
annual social rate of return to R&D investments often exceed 25 percent—
at least twice as high as typical estimates of the private rate of return to
R&D.”* The large gap between social and private returns to investment in
R&D suggests that the United States invests too little in R&D—and that
even imperfect tax subsidies for private R&D may have substantial payoffs
in term of economic growth, as long as decisions about what projects to

undertake remain in private hands.

The importance of the system governing intellectual property cannot be
exaggerated. Whether or not the United States can sustain rapid economic
growth in the twenty-first century may well rest on our ability to devise
rules for an economy in which nonrival goods are an increasingly impor-
tant component. Such “idea products” are likely to be at the core of future
economic growth, and it is in the realm of technology that the stakes
involved in policies to boost economic growth may well be the largest. It is
particularly frustrating, therefore, that little is currently known about how

to design economic institutions that will encourage the development of
these products and ensure their diffusion.

Conclusion

Rapid economic growth will facilitate solutions to virtually every problem
examined in other chapters of this book. It not only directly increases
household incomes and living standards but also softens many other policy
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trade-offs that Americans face. Because so many factors affect economic
growth, many different policies can contribute to or inhibit it, includin
th(?se thagt are designed to boost the skills of the labor force; th(;se that aczctj_T
as incentives to increase public saving, private saving, or private investment
in physical capital or R&D); those that are intended to facilitate public
R&D spending; and those that govern intellectual property. |
Effective policy requires the solution of two problems: identifying what
should be done and enacting and administering initiatives that actually
» accon}plish the intended goals. Effective incentives for private saving and
for private investment in physical capital and R&D are difficult to design;
and we have much work to do in creating an intellectual property systerr;
that may be able accelerate technological progress. One line of policy,
however, is both straightforward and effective in boosting capital accu:
mulation and growth: the government should run a budget surplus
Unfortunately, recent policies are taking the United States in just thf;
opposite direction.
In contrast to policies that appear to have less predictable outcomes
those that increase education and training among the young, especiaH);
those' from minority and low-income families, promise both to spur eco-
flomic growth and to reduce wage inequality. The enormous rise in educa-
4 .tional wage differentials since 1980 has created greater incentives for
increased education. Not all groups have invested equally, however. A lack
of financial resources continues to deter low-income families from college
enrollment, and differences in enrollment rates between blacks and whites
a.nd between Hispanic and non-Hispanic whites have actually widened
since 1980. Earlier mentoring, improved targeting of financial aid, and a'
‘nore transparent financial aid system promise large payoffs not only for
' dlsadvantaged families but for the United States as a whole. Ensuring wider
access to effective sccond-chance training programs, such as the Job Corps
1s also warranted. .
_ Moreover, since “learning begets further learning,” human-capital poli-
ctes must target early childhood. As part of this effort, the United States
‘s'hm.lld be willing to experiment further with policies—including school
choice—that offer the potential to improve the quality of primary and sec-
enfiary schooling. Policies, such as housing vouchers, that may help offset
. e81denFial segregation by economic status could also prove beneficial.
-Dl'lrmg the twentieth century, America’s investment in education was a
Pru?apal source of its extraordinary economic performance. Projections
indicate, however, that the increase in the educational attainment of the




48 J. B. DELONG, C. GOLDIN, AND L. F. KATZ
American labor force is slowing. A renewed commitment to invest in edu-
cation is probably the most important and fruitful step that federal, state,
and local officials can take to sustain American economic growth.

Appendix 2A
Educational Attainment of the Work Force

Table 2A-1 presents summary measures of the educational attainment of
the civilian work force (aged sixteen or older) that weight individual work-
ers equally. Table 2A-2 presents summary measures that weight individual
workers according to their hours worked. The “person weights” provide a
sense of the educational attainment of a typical worker, whereas the
“hours-worked weights” are more useful for evaluating the contribution of
education to labor productivity (output per hour worked).

We used the federal population censuses for 1940 to 1990 and the Cur-
rent Population Survey for 2000 to estimate the distribution of the high-
est grade attained for the U.S. work force. (The 1940 census was the first
to ask about educational attainment.) For 1915, the tables include compa-
rable data from the Towa State Census, the earliest large-scale representative
sample with information on educational attainment and earnings.”” Jowa
was a leading state in education early in the century and had a more edu-
cated population than did the rest of the United States in 1940. By the end
of the twentieth century, however, Iowa was no longer a leading state and

was far more like the U.S. average.

Appendix 2B
Constructing the Educational Productivity

and Labor Quality Indexes

To construct educational productivity and labor quality indexes for the
U.S. work force for selected years from 1915 to 2000, we followed the
approaches of Goldin and Katz and Aaronson and Sullivan.”s We began by
assuming that the impact of worker characteristics on productivity equals
the impact of worker characteristics on wages. We then used standard
regressions of (log) wages on education, experience, sex, and other control
variables to identify the impact of worker characteristics on wages (and
productivity). These regression coefficients were combined with microdata
on the characteristics of the work force to arrive at an average predicted

Table 2A-1. Educational Attasnmens of the Work Force, 1915-2000

lowa

United States

CPS

U.S. census

State
census,

CPS

U.S. census

1960 1980 1980 2000 1915 1940 1960 1980 1980 2000

1940

10.53 12.46 12.54 13.40 8.45 9.83 10.87 12.49 12.51 13.40

9.01

Mean years of educarion

Fraction, by years of education

0.021

0.062
0.132
0.461

0.077
0.126
0.424
0.210

0.726 0476  0.289

0.034
0.080
0.322
0.288
0.275

0.079
0.142
0.368
0.219

0.303 0.087
0.154
0.346
0.228

0.522

0-8

0.074
0.340
0.326
0.240

0.184
0.316

0.165
0.229
0.076
0.055

0.129
0.083
0.037
0.026

ublic Use Microsamples (IPUMS) of the U.S.

0.218

0.174
0.185
0.061

9-11

12

0.262

0.188
0.157

0.128
0.083

0.121

13-15
16+

0.164

0.096 0.185 0.192
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0.058
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Table 2A-2. Educational Attainment of the U.S. Work Force, Weighted by Hours, 1940—2000

Towa

United States

CPS U.S. census CPS

U.S. census

1960 1980 1980 2000 1940 1960 1980 1980 2000

1940

10.61 12.58 12.65 13.51 9.81 10.88 12.58 12.62 13.50

9.10

Mean years education

0.021
0.052

0.484 0.296 0.078 0.059
0.161 0.168 0.103 0.104

0.033
0.066
0.323
0.285

0.084 0.076
0.138 0.126

0.299
0.210

0.173
0.191
0.063
0.060
Sources: 1940, 1960, and 1980 federal population census IPUMS; 1980 and 2000 CPS MOR

0.514

9~-11
12

Fraction, by years education
0-8

0.480 0.352

0.443
0.201

0.332
0.117

0.086

0.229
0.073
0.053

0.375
0.219

0.354
0.224
0.199

0.269
0.119
0.102

0.328

0.188

1315
16+

0.247

(o3
0

ot

0.175

0.292

0.204

G samples.

dividuals by the product of hours worked during the reference week and

1, except that the summary statistics weight all in

a. Methodology is the same as for table 2A-

sampling weight.
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wages for two different years

bles were used for the education productiy-
ables was used for the augmented labor qual-
ase-period regression coefficients to predict

(tand ¢), we measure the change in labor
. quality from rto ¢ as the change in the average predicted wage.

We used data from the 1915 Towa State Census; the 1940, 1960, and
1980 Integrated Public Use Microsamples (IPUMS) of the U.S. federal
- population censuses; and the 1980 and 2000 Current Po

(CPS) Merged Outgoing Rotation Group (MORG) sampl

Was to estimate a wage regression in each year of the follo

pulation Survey
es. Our first step
wing form:

Iog wit = E;‘ta + X:;B + Rit8 + 8:‘1?

where w, is the wage of worker 7in year £, is a vector of dummy variables
for educational attainment levels (0—4, 5-6,7-8,9-11, 12, 13-1 5,and 16
or more years of schooling); X, contains other variab
 related to productivity, including a quartic in potenti

dummy and its interaction with the
dummy, and a U.S.-born dummy; R, are census-region dummies; and €,
is the error term. The Wwage regressions were estimated for national samples
- of civilian, nonagricultural wage and salary workers aged eighteen to sixty-
five. The estimates for 1915 cover Iowa only and include the self-

employed. Following the approach of Goldin and Katz, we adjusted the
1915 estimates of wage differentials
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al experience, a female
experience variables, a nonwhite
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ons for the hours-weighted indexes, we used log hourly wages as the
: s worked were not available for the 1915
Wa state sample, so we used 3 monthly wage measure for 1915, The wage
tegressions for the employment-weighted indexes were restricted to sam-
ples of workers who had worked fifty or more weeks within a year, and log
nnual earnings were used as the dependent variable (except for the

80-2000 changes, where hourly wages for full-time workers were used).
‘The next step was to estimate average predicted wages in each year for

or £to ¢’ used the average of the

he fixed-weight indexes used the average regression coefficients prevailing
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for the entire 1915-2000 period. The predicted wage for the education
productivity index for 7in year  using base-period & regression coefficients
is given by

W = exp(E, o).

The analogous predicted wage for the labor quality index is given by
Wi;]: exp(‘Ell‘t(xb + )(it Bb)

The educational productivity index for ¢ (E) is the weighted mean of
W, for all members of the civilian noninstitutional work force aged sixteen
or older; person-sampling weights were used for the employment-based
indexes, and the product of the sampling weight and hours worked last
week were used for the hours-based indexes. Thus

Ez = zi (Di:"V: = Zj‘Vj:S;‘z ’
where @, is the appropriate sampling weight, j indexes education groups,
and §, equals the share of the work force in education group jin year # The
augmented labor quality index for #is given by the analogous weighted
mean of W7,

The civilian noninstitutional work force in each year from 1940 to 2000
includes those sixteen or older who were employed during the survey refer-
ence week and excludes those who were in the military or institutionalized.

Changes in the educational productivity index from 1915 to 1940,
shown in table 2A-1, are based on data on the distribution of education in
the lowa work force for 1915 (from the Iowa State Census) and 1940
(from the U.S. Census). The 1915 lowa work force includes those aged
sixteen or older who reported positive occupational earnings for 1914 and
excludes those who were in the military or institutionalized. We assumed
that the growth of educational productivity from 1915 to 1940 was the
same for Iowa and the United States. The U.S. labor quality index in table
2A-2 uses information on the age, sex, race, and nativity distribution of
the U.S. work force from 1915 to 1940 and uses information only from
lowa for changes in the education component. The characteristics of the
U.S. work force for 1915 are the average of characteristics for 1910 and

1920, based on the 1910 and 1920 U.S. Census IPUMS data. The work
force for 1910 and 1920 excludes students and includes those aged sixteen
to sixty-five who were gainfully employed. The 1940 federal census sam-
ple used for the 1915-1940 change in augmented labor quality also
excludes students and includes labor force participants aged sixteen to
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sixty-five. In both tables, changes from 1940 to 1960 and from 1960 to
1980 use the U.S. Census IPUMS data, and changes from 1980 to 2000
use the CPS MORG data.
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American Inequality

and Its Consequences

INCOME INEQUALITY HAS risen sharply in the United States over the past
generation, reaching levels not seen since before World War II. But while
almost two-thirds of Americans agree with the statement “income differ-
ences in the United States are too large,” policies aimed at reducing income
differences command relatively little popular support.! In most rich coun-
tries sizable majorities “agree strongly” that the government ought to guar-
antee each citizen a minimum standard of living. Only one American in
four agrees strongly with this proposition.? The same pattern holds in Con-
_gress, where legislators show little interest in policies aimed at taxing the
rich, raising the wages of the poor, taxing inherited wealth, or guarantee-
ing shelter and health care to all Americans.

One possible explanation for this apparent paradox is that, while most
Americans think income inequality is too high, most also distrust the gov-
ernment and attribute America’s economic success to the fact that its
.economy is lightly regulated. A second possible explanation is that while
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