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Technology and Inequality

Daron Acemoglu*

Many OECD economies have
experienced sharp increases in wage
and income inequality over the past
several decades. In the United States,
for example, the college premium —
the wages of college graduates relative
to the wages of high school graduates
— increased by over 25 percent
between 1979 and 1995. Overall earn-
ings inequality also soared: in 1971, a
worker at the 90th percentile of the
wage distribution earned 266 percent
more than a worker at the 10th pet-
centile. By 1995 this number had risen
to 366 percent.! Are new technologies
— in particular, computers, computer-
assisted machines and robotics, and
advances in communication technolo-
gy — responsible for these changes?
More generally, what are the implica-
tions of technical change for the labor
market?

Some economists now believe that,
although other factors including the
decline in the real value of the mini-
mum wage, de-unionization, and glob-
alization have played some role, the
major driving force behind the
changes in the US. wage structure is
technology. This consensus is built on

*Acemog/u is a Research Associate in the
NBER’s Program on Labor Studies and a
professor of economics at MIT. His profile

appears later in this issue.
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the notion of technology-skill comple-
mentarity: technical change favors
more skilled (educated) workers,
replaces tasks previously performed by
the wunskilled, and increases the
demand for skills. Consequently, many
commentators see a direct causal rela-
tionship between technological changes
and these radical shifts in the distribu-
tion of wages taking place in the U.S.
economy.’

Although the consensus is now
broad, the idea that technological
advances favor more skilled workers is a
20th-century phenomenon. In 19th-cen-
tury Britain, skilled artisans destroyed
weaving, spinning, and threshing machines
during the Luddite and Captain Swing
riots, in the belief that the new
machines would make their skills redun-
dant. They were right: the artisan shop
was replaced by the factory and later by
interchangeable parts and the assembly
line. Products previously manufactured
by skilled artisans came to be produced
in factories by workers with relatively
few skills, and many previously com-
plex tasks were simplified, reducing the
demand for skilled workers.

A major 19th-century technological
advance, interchangeable parts, in fact
was designed to be “skill-replacing”
(un-skill-biased). Eli Whitney, a pioneer
of interchangeable parts, described the
objective of this technology as: “to

Economic Review, 7 (February 2000),
pp. 69-81; 8. Gerlach, and L. E. O.
Swvensson, “Money and Inflation in the Euro
Area: A Case for Monetary Indicators?”
NBER Working Paper No. 8025,
December 2000; G. D. Rudebusch, and 1.
E.O. Svensson, “Eurosystem Monetary
Targeting: Lessons from U.S. Data,”
NBER Working Paper No. 7179, June
1999, and in European Economic
Review, 46 (2002), pp. 41742.

substitute correct and effective opera-
tions of machinery for the skill of the
artist which is acquired only by long
practice and experience; a specles of
skill which is not possessed in this
country to any considerable extent.”
There are also no compelling theo-
retical reasons to expect technological
change always and everywhere to be
skill-biased. On the contrary, if replac-
ing skilled workers is more profitable,
new technologies may attempt to
replace skilled workers, just as intet-
changeable parts did. Even the most
purportedly skill-biased technological
advance, the microchip, can be used in
scanners to complement unskilled work
just as effectively as in personal com-
puters to complement skilled workers.
Recent research takes these issues
into consideration and analyzes the
origins of skill bias and the conditions
under which new technologies would
be morte or less skill biased. In this arti-
cle, 1 survey some of this recent
research, and how it might shed light
on the recent increase in inequality. 1
also briefly discuss the links between
technology and trade, technology and
changes in the organization of produc-
tion, the interaction between technical
change and labor market institutions,
and potential reasons for cross-country
differences in inequality trends.




Technology and the
Recent Changes in
Wage Inequality

There is general agreement among
economists that technical change in
the United States and the OECD over
the past 60 years, or even over the past
century, has been skill-biased. That is
because the past 60 years have seen a
large increase in the supply of more
educated workers, yet returns to edu-
cation have risen. In the absence of
substantial skill bias in technology, the
large increase in the supply of skilled
workers would have depressed the skill
premium, as the economy moved
along a downward-sloping relative
demand curve — in other words, as
skilled workers substituted for the
unskilled in production and as con-
sumers substituted goods produced
using skilled workers intensively for
labot-intensive goods. Because this did
not happen, the relative demand for
skills must have increased, most likely
because of changes in technology. Of
course here, “technology” needs to be
construed broadly: it is not simply the
techniques and machines available to
firms, but also the organization of pro-
duction, organization of labor markets,
consumer tastes, and so on.

Many commentators in fact believe
that there has been an acceleration in
skill bias beginning in the 1970s or the
1980s. The most popular, but by no
means the only, version of this
hypothesis claims that there has been a
notable acceleration in the skill bias of
technology, driven by advances in
information technology, or perhaps a
“Third Industrial Revolution.” A vari-
ety of studies document how the
introduction of many modern tech-
nologies often is associated with an
increase in the employment of and
demand for more skilled workers.* But
probably the most powerful argument
in favor of an acceleration in skill bias
is that returns to schooling rose over
the past 30 years despite the unusually
rapid increase in the supply of educat-
ed workers. As a result of the entry of
the large and well-educated baby-
boom cohort starting in the late 1960s,
and because of the Vietnam-era draft
laws and increasing government sup-

pott for higher education, the educa-
tional attainment of the US. labor
force increased sharply starting in the
early 1970s. Consequently, the relative
supply of skills increased more rapidly
on average in the three decades follow-
ing 1970 than in the previous three
decades. Without an acceleration in
skill bias, we would expect a slower
increase in the returns to education in
the post-1970 era. In contrast, the U.S.
skill premium increased rap1d1y during
the past three decades, while it was
approximately constant in the pre-
1970 era. Furthermore, during this
time period the U.S. labor market also
experienced a sharp increase in within-
group inequality — that is, inequality
among similarly educated workers,
which likely indicates the presence of
some new and powerful forces.’

Endogenous Technical
Change

Why did the demand for skills
accelerate over this period? And why
has new technology favored more
skilled workers throughout the 20th
century, but not duting the 19th centu-
ry as was discussed above? One
approach views technology as exoge-
nous, stemming from advances in science
or from the behavior of entrepreneurs
driven by a wvariety of nonprofit
motives. By this approach, demand for
skills increased faster during the past
30 years, this approach would main-
tain, because of a technological revo-
lution led by the microchip, personal
computers, and pethaps the Internet.

However, the fact that skill-biased
technical change accelerated more or
less immediately after the relative sup-
ply of more educated workers acceler-
ated, starting in the early 1970s, is a bit
of a coincidence. This makes me lean
towards a theory that links changes in
the relative supply of and the demand
for skills, and attempts to explain why
new technologles have been skill-
biased throughout the 20th century
and have become more so during the
past 30 years. The first step in the
argument is the realization that tech-
nology is not simply an outside force
acting on the labor market and wage
inequality. Rather it is an outcome of

the decisions made by firms and work-
ers, in the same way as the level of
employment or wages ate. In other
words, technology is “endogenous.”™

The spinning and weaving machines
of the 19th century were invented
because they were profitable. They
were profitable because they replaced
the scarce and expensive factors — the
skilled artisans — by relatively cheap
and abundant factors — unskilled
manual labor of men, women, and
children. Similarly, electrical machin-
ery, air-conditioning, large organiza-
tions all were introduced because they
presented profit opportunities for
entrepreneurs. If various new machines
and production methods came into
being when called forth by profit
opportunities, it is also likely that fur-
ther skill-biased technical change and
an acceleration in skill bias are also, at
least in part, responses to profit incen-
tives. Put simply and extremely, it can
be argued that the increased skill bias
of technology throughout the 20th
century and its acceleration during the
past 30 vyears resulted from the
changes in profit opportunities which
were, in turn, a consequence of the
steady increase in the supply of skilled
workers over the past century and its
surge starting in the early 1970s.

Directed Technical
Change and the
Demand for Skills

But why 1s the skill bias of technol-
ogy related to the supply of skilled
workers? The basic idea is that techni-
cal change will be directed towards more
profitable areas.” In particular, when
developing skill-biased techniques is
more profitable, new technology will
tend to be skill-biased.

Two factors determine the prof-
itability of new technologies: he price
¢ffect and the market size effect. When rel-
ative prices change, the relative prof-
itability of different types of technolo-
gies also changes. Technologies used
predominantly in the production of
goods that are now more expensive
will be demanded more, and the inven-
tion and improvement of these tech-
nologies will become more profitable.
Similarly, the potential market size for

NBER Reporter Winter 2002/2003  13.



a technology is a first-order determi-
nant of its profitability. Everything
else equal, it is more profitable to
introduce machines that will be used
by a larger number of workers because
these greater market sizes will enable
greater sales and profits for the pro-
ducers and inventors. It is through the
market size effect that an increase in
the supply of skills induces technology
to become more skill biased.
Consequently, when there are more
skilled wotkers around, the market size
effect will make the production of
skill-complementary machines and tech-
nologies more profitable. Somewhat
surprisingly, this market size effect can
be so strong that the relative demand
curve for skills can be upward sloping
in contrast to the standard downward-
sloping relative demand curve. In this
case, the skill premium and returns to
education will be higher when there are
more skilled workers in the economy.
In this light, the recent acceleration
in the skill bias of technology is poten-
tially a response to the rapid increase in
the supply of skills starting in the carly
1970s. As the market size for skill-
complementary technologies such as
personal computers or computer-assist-
ed machinery expanded, it became
more profitable to create and intro-
duce more such technologies. This
hypothesis not only explains the
increase in the demand for skills, and
the resulting rise in the returns to edu-
cation and inequality, but also helps us
understand the timing of the increase.
New technologies take a while to be
created and brought to the market.
Therefore, the first effect of a large
increase in the relative supply of skills
might be to move the economy along a
downward-sloping constant-technolo-
gy relative demand curve. However, as
new skill-biased technologies are
brought to the market, this constant-
technology relative demand curve shifts
out, increasing returns to education,
potentially even beyond its initial level.®
What about the secular skill-biased
technical change throughout the 20th
century? Perhaps there is a natural
explanation: the relative supply of
skilled workers has been increasing
throughout the century, so we should
expect steady skill-biased technical
change. What about the skill-replacing

technologies of the 19th century? One
possible, conjectural argument is that
the early 19th century was character-
ized by skill-replacing developments
because the increased supply of
unskilled workers in the English cities
(resulting from migration from rural
areas and from Ireland) made the
introduction of these technologies
profitable.” Therefore, a theory of
directed technical change provides us
with an explanation for: secular skill-
biased technical change throughout
the 20th century; the rise in inequality
over the past several decades; and,
possibly, the skill-replacing technolo-
gies of the eatly 19th century.

Globalization and
Inequality

Another major economic develop-
ment of the past 30 years is the
increased globalization of production,
and greater trade between the United
States and less developed nations
(LDCs). A number of commentators
have suggested that globalization and
increased trade might be responsible
for the rise in U.S. inequality. The argu-
ments above — that technological
change has been important in the rise
in inequality — do not imply that other
factors, such as globalization, have not
played a major role.

Nevertheless, most economists dis-
count the role of globalization and
trade for a variety of reasons. First, the
volume of trade is still small. Second,
the major intervening mechanism for
the trade explanation, a large increase
in the relative prices of skill-intensive
goods because of greater world
demand for these, has not been
observed. Third, inequality also has
increased in many of the LDCs trading
with the United States, whereas the
simplest trade and globalization expla-
nations predict a decline in inequality
in relatively skill-scarce economies, like
the LDCs.

But trade and globalization may
have been more important than tradi-
tionally assumed. Trade influences
what types of technologies are more
profitable to develop. In particular,
trade creates a tendency for the price
of skill-intensive products to increase.

Then, via the price effect emphasized
above, the incentives for the introduc-
tion of new skill-biased technologies
are strengthened. In other words, trade
and globalization induce further skill-
biased technical change.

With this type of induced technical
change, trade can have a larger effect
on inequality than traditional calcula-
tions suggest. Moreover, it can do so
without a large impact on the relative
prices of skill-intensive goods because
the induced technical change will help
boost the supply of these goods. As a
result, we may not even see much evi-
dence of the original triggering mech-
anism, the change in relative prices.
Fmally, to the extent that the LDCs are
also using technologies developed in
the United States and the OECD, there
will be a force towards increasing
inequality in those countries as well,
counteracting the static equalizing
effects of trade in economies with rel-
ative skill scarcity."

Changes in the
Organization of
Production

The increase in the demand for
skills and inequality in the U.S. econo-
my may be as much attributable to the
changes in the organization of pro-
duction as to the direct effect of new
technologies. Today’s production rela-
tions, how jobs and monitoring are
organized, and how firms recruit
employees are all very different from
30 years ago."

A perspective that views technolo-
gy, and the organization of produc-
tion, as endogenous is also helpful in
thinking about these issues. An impor-
tant driving force of the changes in
production may be the increased sup-
ply of skills. When skilled workers are
scatce, it is not profitable for firms to
design their jobs specifically for skilled
workers and to be extremely selective
in their recruitment. In such a world,
firms are often happy to hire many
low-skill workers, train them, and
employ them in relatively well-paid
jobs. In contrast, in a wotld with many
skilled workers, it pays to design jobs
specifically for them and to be more
selective 1n recruiting, This increases
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the productivity and pay of more
skilled workers, and effectively excludes
low- and medium-skilled workers from
well-paid jobs."

Many of the developments in the
U.S. labor market, including the recent
trends in recruitment and human
resource practices, the disappearance of
middle-level-pay occupations, reduced
training for low-skill employees, the
greater dispersion in capital-labor
ratios across industries, and the
reduced mismatch between workers
and jobs, can be explained by a theory
based on an induced change in the
organization of production and asso-
ciated changes in recruiting strategies.”
Moreover, such an approach can
explain the decline in the real wages of
low-skill workers — a phenomenon
that pure technological theories have
difficulty explaining — because tech-
nological change, even when it is skill
biased, also should increase the wages
of low-skilled workers. With organiza-
tional change, though, resources will
get shifted away from low-skill workers
and jobs that paid them high wages
will disappear.

Technology, Labor
Market Institutions,
and Social Norms

Emphasizing technology does not
deny that changes in labor market
institutions have been important. The
erosion in the real value of the mini-
mum wage and the declining role of
unions undoubtedly have been impor-
tant for changes in US. inequality,
especially at the bottom of the wage
distribution.'* In addition, the late
1980s and the 1990s have seen an
explosion in CEO pay, which is diffi-
cult to explain with changes in tech-
nology alone, and which suggests that
there may have been concurrent
changes in social norms pertaining to
inequality and fairness.” Why have
labor market institutions and social
norms related to inequality changed at
about the same time that skill bias of
technology accelerated? This may be a
coincidence, or the overall changes in
inequality may be the result of chang-
ing labor market institutions and social
norms, and less the product of tech-

nology. In my view, a more fruitful
approach is to acknowledge the inde-
pendent effects of both changes in
technology and changes in labor mar-
ket institutions and social norms, and
to link the two.

Recent research suggests how
increases in inequality, for example
attributable to technological advances,
might affect labor market institutions
and political preferences about redistri-
bution. Similar arguments also might
be used to link social norms of
inequality and fairness to technology.
Briefly, an increase in inequality might
make it harder for certain labor market
arrangements, like unions, to survive.
Unions typically compress the wage
structure, increasing the pay of less
skilled workers at the expense of more
skilled workers. An increase in the
underlying inequality in the economy
will make this more costly for high-skill
workers, who then will withdraw from
the union sectors and from unionized
establishments. Similarly, an increase in
inequality may reduce the support that
highly paid individuals give to the wel-
fare state or to redistributive govern-
ment programs. These considerations
imply that technical change that
increases the demand for skills can
have much amplified effects on
inequality, because it also will change
labor market institutions and prefer-
ences towards redistribution.’ These
forces might be amplified even more
when technology also affects social
norms, for example, as it becomes
acceptable for CEOs to be paid much
more than production workers.

Cross-Country
Differences

While inequality increased in
English-speaking economies, there
was much less of an increase in many
continental European countries. To
date, there is no consensus for why
there was such a divergence in inequal-
ity trends among these relatively simi-
lar economies. Considering endoge-
nous technology choices may be useful
here. Recent research suggests that
labor market institutions compressing
the structure of wages, as in many
continental European economies,

might induce firms to introduce addi-
tional new technologies to be used
with their unskilled employees. Wage
compression makes unskilled workers
more expensive to employ and, condi-
tional on wishing to employ them, it
increases the value of raising their pro-
ductivity."”

Therefore, labor market institu-
tions, such as binding minimum wages,
union wage floors, and generous
unemployment insurance programs,
may have an amplified role in reducing
inequality. They will do so directly and
they will do so by encouraging techni-
cal change to be less skill-biased.

Overall, however, our understand-
ing of the reasons for cross-country
differences in inequality is weak, and
much research is necessary on this
topic, as well as on the relationship
between technology and labor market
institutions and social norms.
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