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Abstract
Disagreements about the optimal level of wealth inequality underlie policy debates ranging from taxation to welfare. We attempt
to insert the desires of ‘‘regular’’ Americans into these debates, by asking a nationally representative online panel to estimate the
current distribution of wealth in the United States and to ‘‘build a better America’’ by constructing distributions with their ideal
level of inequality. First, respondents dramatically underestimated the current level of wealth inequality. Second, respondents
constructed ideal wealth distributions that were far more equitable than even their erroneously low estimates of the actual
distribution. Most important from a policy perspective, we observed a surprising level of consensus: All demographic
groups—even those not usually associated with wealth redistribution such as Republicans and the wealthy—desired a more
equal distribution of wealth than the status quo.
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Most scholars agree that wealth inequality in the United States
is at historic highs, with some estimates suggesting that the top
1% of Americans hold nearly 50% of the wealth, topping even
the levels seen just before the Great Depression in the 1920s
(Davies, Sandstrom, Shorrocks, & Wolff, 2009; Keister,
2000; Wolff, 2002). Although it is clear that wealth inequality
is high, determining the ideal distribution of wealth in a society
has proven to be an intractable question, in part because differ-
ing beliefs about the ideal distribution of wealth are the source
of friction between policymakers who shape that distribution:
Proponents of the ‘‘estate tax,’’ for example, argue that the
wealth that parents bequeath to their children should be taxed
more heavily than those who refer to this policy as a burden-
some ‘‘death tax.’’

We took a different approach to determining the ideal level
of wealth inequality: Following the philosopher John Rawls
(1971), we asked Americans to construct distributions of
wealth they deem just. Of course, this approach may simply
add to the confusion if Americans disagree about the ideal
wealth distribution in the same way that policymakers do.
Thus, we had two primary goals. First, we explored whether
there is general consensus among Americans about the ideal
level of wealth inequality, or whether differences—driven by
factors such as political beliefs and income—outweigh any
consensus (see McCarty, Poole, & Rosenthal, 2006). Second,
assuming sufficient agreement, we hoped to insert the

preferences of ‘‘regular Americans’’ regarding wealth inequality
into policy debates.

A nationally representative online sample of respondents
(N ¼ 5,522, 51% female, mean age ¼ 44.1), randomly drawn
from a panel of more than 1 million Americans, completed the
survey in December, 2005.1 Respondents’ household income
(median ¼ $45,000) was similar to that reported in the 2006
United States census (median ¼ $48,000), and their voting pat-
tern in the 2004 election (50.6% Bush, 46.0% Kerry) was also
similar to the actual outcome (50.8% Bush, 48.3% Kerry). In
addition, the sample contained respondents from 47 states.

We ensured that all respondents had the same working def-
inition of wealth by requiring them to read the following before
beginning the survey: ‘‘Wealth, also known as net worth, is
defined as the total value of everything someone owns minus
any debt that he or she owes. A person’s net worth includes his
or her bank account savings plus the value of other things such
as property, stocks, bonds, art, collections, etc., minus the value
of things like loans and mortgages.’’
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Americans Prefer Sweden

For the first task, we created three unlabeled pie charts of
wealth distributions, one of which depicted a perfectly equal
distribution of wealth. Unbeknownst to respondents, a second
distribution reflected the wealth distribution in the United
States; in order to create a distribution with a level of inequality
that clearly fell in between these two charts, we constructed
a third pie chart from the income distribution of Sweden
(Fig. 1).2 We presented respondents with the three pairwise
combinations of these pie charts (in random order) and asked
them to choose which nation they would rather join given a
‘‘Rawls constraint’’ for determining a just society (Rawls,
1971): ‘‘In considering this question, imagine that if you joined
this nation, you would be randomly assigned to a place in the
distribution, so you could end up anywhere in this distribution,
from the very richest to the very poorest.’’

As can be seen in Figure 1, the (unlabeled) United States
distribution was far less desirable than both the (unlabeled)
Sweden distribution and the equal distribution, with
some 92% of Americans preferring the Sweden distribution
to the United States. In addition, this overwhelming
preference for the Sweden distribution over the United States
distribution was robust across gender (females: 92.7%,
males: 90.6%), preferred candidate in the 2004 election
(Bush voters: 90.2%; Kerry voters: 93.5%) and income (less
than $50,000: 92.1%; $50,001–$100,000: 91.7%; more than
$100,000: 89.1%). In addition, there was a slight preference
for the distribution that resembled Sweden relative to the
equal distribution, suggesting that Americans prefer some
inequality to perfect equality, but not to the degree currently
present in the United States.

Building a Better America

Although the choices among the three distributions shed some
light into preferences for distributions of wealth in the abstract,
we wanted to explore respondents’ specific beliefs about their
own society. In the next task, we therefore removed Rawls’
‘‘veil of ignorance’’ and assessed both respondents’ estimates
of the actual distribution of wealth and their preferences for the
ideal distribution of wealth in the United States. For their esti-
mates of the actual distribution, we asked respondents to indi-
cate what percent of wealth they thought was owned by each of
the five quintiles in the United States, in order starting with the
top 20% and ending with the bottom 20%. For their ideal dis-
tributions, we asked them to indicate what percent of wealth
they thought each of the quintiles ideally should hold, again
starting with the top 20% and ending with the bottom 20%.

To help them with this task, we provided them with the two
most extreme examples, instructing them to assign 20% of the
wealth to each quintile if they thought that each quintile should
have the same level of wealth, or to assign 100% of the wealth
to one quintile if they thought that one quintile should hold all
of the wealth.

Figure 2 shows the actual wealth distribution in the United
States at the time of the survey, respondents’ overall estimate
of that distribution, and respondents’ ideal distribution. These
results demonstrate two clear messages. First, respondents
vastly underestimated the actual level of wealth inequality in
the United States, believing that the wealthiest quintile held
about 59% of the wealth when the actual number is closer to
84%. More interesting, respondents constructed ideal wealth
distributions that were far more equitable than even their erro-
neously low estimates of the actual distribution, reporting a
desire for the top quintile to own just 32% of the wealth. These
desires for more equal distributions of wealth took the form of
moving money from the top quintile to the bottom three quin-
tiles, while leaving the second quintile unchanged, evincing a
greater concern for the less fortunate than the more fortunate
(Charness & Rabin, 2002).

We next explored how demographic characteristics of our
respondents affected these estimates. Figure 3 shows these esti-
mates broken down by three levels of income, by whether
respondents voted for George W. Bush (Republican) or John
Kerry (Democrat) for United States president in 2004, and by
gender. Males, Kerry voters, and wealthier individuals esti-
mated that the distribution of wealth was relatively more
unequal than did women, Bush voters, and poorer individuals.
For estimates of the ideal distribution, women, Kerry voters,
and the poor desired relatively more equal distributions than
did their counterparts.

Despite these (somewhat predictable) differences, what is
most striking about Figure 3 is its demonstration of much more
consensus than disagreement among these different demographic
groups. All groups—even the wealthiest respondents—desired a
more equal distribution of wealth than what they estimated the
current United States level to be, and all groups also desired some
inequality—even the poorest respondents. In addition, all groups

Fig. 1. Relative preference among all respondents for three
distributions: Sweden (upper left), an equal distribution (upper
right), and the United States (bottom). Pie charts depict the
percentage of wealth possessed by each quintile; for instance,
in the United States, the top wealth quintile owns 84% of the
total wealth, the second highest 11%, and so on.
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agreed that such redistribution should take the form of moving
wealth from the top quintile to the bottom three quintiles. In
short, although Americans tend to be relatively more

favorable toward economic inequality than members of other
countries (Osberg & Smeeding, 2006), Americans’ consensus
about the ideal distribution of wealth within the United States

Fig. 3. The actual United States wealth distribution plotted against the estimated and ideal
distributions of respondents of different income levels, political affiliations, and genders.
Because of their small percentage share of total wealth, both the ‘‘4th 20%’’ value (0.2%)
and the ‘‘Bottom 20%’’ value (0.1%) are not visible in the ‘‘Actual’’ distribution.

Fig. 2. The actual United States wealth distribution plotted against the estimated and ideal
distributions across all respondents. Because of their small percentage share of total
wealth, both the ‘‘4th 20%’’ value (0.2%) and the ‘‘Bottom 20%’’ value (0.1%) are not visible
in the ‘‘Actual’’ distribution.
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of rising or shrinking inequality. Which one
dominates depends on the institutions and pol-
icies that societies choose to adopt.
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REVIEW

Skills, education, and the rise of
earnings inequality among
the “other 99 percent”
David H. Autor

The singular focus of public debate on the “top 1 percent” of households overlooks the
component of earnings inequality that is arguably most consequential for the “other
99 percent” of citizens: the dramatic growth in the wage premium associated with higher
education and cognitive ability. This Review documents the central role of both the supply
and demand for skills in shaping inequality, discusses why skill demands have persistently
risen in industrialized countries, and considers the economic value of inequality alongside
its potential social costs. I conclude by highlighting the constructive role for public policy in
fostering skills formation and preserving economic mobility.

P
ublic debate has recently focused on a
subject that economists have been ana-
lyzing for at least two decades: the steep,
persistent rise of earnings inequality in
the U.S. labor market and in developed

countries more broadly. Much popular dis-
cussionof inequality concerns the “top 1percent,”
referring to the increasing share of national in-
come accruing to the top percentile of house-
holds. Although this phenomenon is undeniably
important, an exclusive focus on the concen-
tration of top incomes ignores the component
of rising inequality that is arguably even more
consequential for the “other 99 percent” of
citizens: the dramatic growth in the wage pre-
mium associated with higher education and,
more broadly, cognitive ability. This paper con-
siders the role of the rising skill premium in
the evolution of earnings inequality.
There are three reasons to focus a discus-

sion of rising inequality on the economic pay-
off to skills and education. First, the earnings
premium for education has risen across a large
number of advanced countries in recent dec-
ades, and this rise contributes substantially to
the net growth of earnings inequality. In the
United States, for example, about two-thirds
of the overall rise of earnings dispersion be-
tween 1980 and 2005 is proximately accounted
for by the increased premium associated with
schooling in general and postsecondary edu-
cation in particular (1, 2). Second, despite a
lack of consensus among economists regard-
ing the primary causes of the rise of very top
incomes (3–6), an influential literature finds
that the interplay between the supply and
demand for skills provides substantial insight
into why the skill premium has risen and fallen
over time—and, specifically, why the earnings

gap between college and high school graduates
has more than doubled in the United States over
the past three decades. A third reason for focus-
ing on the skill premium is that it offers broad
insight into the evolution of inequality within a
market economy, highlighting the social value of
inequality alongside its potential social costs and
illuminating the constructive role for public policy
in maximizing the benefits and minimizing the
costs of inequality.
The rising skill premium is not, of course, the

sole cause of growing inequality. The decades-
long decline in the real value of the U.S. min-
imum wage (7), the sharp drops in non-college
employment opportunities in production, clerical,
and administrative support positions stemming
from automation, the steep rise in interna-
tional competition from the developing world,
the secularly declining membership and bar-
gaining power of U.S. labor unions, and the
successive enactment of multiple reductions in
top federal marginal tax rates, have all served to
magnify inequality and erode real wages among
less educated workers. As I discuss below, the
foremost concern raised by these multiple forces
is not their impact on inequality per se, but
rather their adverse effect on the real earnings
and employment of less educated workers.
I begin by documenting the centrality of the

rising skill premium to the overall growth of
earnings inequality. I next consider why skills
are heavily rewarded in advanced economies
and why the demand for them has risen over
time. I then demonstrate the substantial ex-
planatory power of a simple framework that
embeds both the demand and supply for skills
in interpreting the evolution of the inequality
over five decades. The final section considers
the productive role that inequality plays in a
market economy and the potential risks attend-
ing very high and rising inequality; evidence on
whether those risks have been realized; and
the role of policy and governance in encour-
aging skills formation, fostering opportunity,
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of rising or shrinking inequality. Which one
dominates depends on the institutions and pol-
icies that societies choose to adopt.
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REVIEW

Skills, education, and the rise of
earnings inequality among
the “other 99 percent”
David H. Autor

The singular focus of public debate on the “top 1 percent” of households overlooks the
component of earnings inequality that is arguably most consequential for the “other
99 percent” of citizens: the dramatic growth in the wage premium associated with higher
education and cognitive ability. This Review documents the central role of both the supply
and demand for skills in shaping inequality, discusses why skill demands have persistently
risen in industrialized countries, and considers the economic value of inequality alongside
its potential social costs. I conclude by highlighting the constructive role for public policy in
fostering skills formation and preserving economic mobility.

P
ublic debate has recently focused on a
subject that economists have been ana-
lyzing for at least two decades: the steep,
persistent rise of earnings inequality in
the U.S. labor market and in developed

countries more broadly. Much popular dis-
cussionof inequality concerns the “top 1percent,”
referring to the increasing share of national in-
come accruing to the top percentile of house-
holds. Although this phenomenon is undeniably
important, an exclusive focus on the concen-
tration of top incomes ignores the component
of rising inequality that is arguably even more
consequential for the “other 99 percent” of
citizens: the dramatic growth in the wage pre-
mium associated with higher education and,
more broadly, cognitive ability. This paper con-
siders the role of the rising skill premium in
the evolution of earnings inequality.
There are three reasons to focus a discus-

sion of rising inequality on the economic pay-
off to skills and education. First, the earnings
premium for education has risen across a large
number of advanced countries in recent dec-
ades, and this rise contributes substantially to
the net growth of earnings inequality. In the
United States, for example, about two-thirds
of the overall rise of earnings dispersion be-
tween 1980 and 2005 is proximately accounted
for by the increased premium associated with
schooling in general and postsecondary edu-
cation in particular (1, 2). Second, despite a
lack of consensus among economists regard-
ing the primary causes of the rise of very top
incomes (3–6), an influential literature finds
that the interplay between the supply and
demand for skills provides substantial insight
into why the skill premium has risen and fallen
over time—and, specifically, why the earnings

gap between college and high school graduates
has more than doubled in the United States over
the past three decades. A third reason for focus-
ing on the skill premium is that it offers broad
insight into the evolution of inequality within a
market economy, highlighting the social value of
inequality alongside its potential social costs and
illuminating the constructive role for public policy
in maximizing the benefits and minimizing the
costs of inequality.
The rising skill premium is not, of course, the

sole cause of growing inequality. The decades-
long decline in the real value of the U.S. min-
imum wage (7), the sharp drops in non-college
employment opportunities in production, clerical,
and administrative support positions stemming
from automation, the steep rise in interna-
tional competition from the developing world,
the secularly declining membership and bar-
gaining power of U.S. labor unions, and the
successive enactment of multiple reductions in
top federal marginal tax rates, have all served to
magnify inequality and erode real wages among
less educated workers. As I discuss below, the
foremost concern raised by these multiple forces
is not their impact on inequality per se, but
rather their adverse effect on the real earnings
and employment of less educated workers.
I begin by documenting the centrality of the

rising skill premium to the overall growth of
earnings inequality. I next consider why skills
are heavily rewarded in advanced economies
and why the demand for them has risen over
time. I then demonstrate the substantial ex-
planatory power of a simple framework that
embeds both the demand and supply for skills
in interpreting the evolution of the inequality
over five decades. The final section considers
the productive role that inequality plays in a
market economy and the potential risks attend-
ing very high and rising inequality; evidence on
whether those risks have been realized; and
the role of policy and governance in encour-
aging skills formation, fostering opportunity,
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and countering the possibility that extremes of
inequality erode economic mobility and reduce
economic dynamism.

The Critical Role of Skills in the
Labor Market

There is no denying the extraordinary rise in
the incomes of the top 1% of American house-
holds over the past three decades. Between
1979 and 2012, the share of all household in-
come accruing to the top percentile of U.S.
households rose from 10.0% to 22.5% (8, 9). To
get a sense of how much money that is, con-
sider the conceptual experiment of redistri-
buting the gains of the top 1% between 1979 and
2012 to the bottom 99% of households (10).
Howmuchwould this redistribution raise house-
hold incomes of the bottom 99%? The answer
is $7107 per household—a substantial gain, equal
to 14% of the income of the median U.S. house-
hold in 2012. (I focus on the median because it
reflects the earnings of the typical worker and
thus excludes the earnings of the top 1%.)
Now consider a different dimension of in-

equality: the earnings gap between U.S. work-
ers with a 4-year college degree and those with
only a high school diploma (11). Economists fre-
quently use this college/high school earnings
gap as a summary measure of the “return to
skill”—that is, the gain in earnings a worker
can expect to receive from investing in a col-
lege education. As illustrated in Fig. 1, the earn-
ings gap between the median college-educated
and median high school–educated among U.S.
males working full-time in year-round jobs was
$17,411 in 1979, measured in constant 2012 dol-
lars. Thirty-three years later, in 2012, this gap
had risen to $34,969, almost exactly double its
1979 level. Also seen is a comparable trend among
U.S. female workers, with the full-time, full-
year college/high school median earnings gap
nearly doubling from $12,887 to $23,280 be-
tween 1979 and 2012. As Fig. 1 underscores, the
economic payoff to college education rose stead-
ily throughout the 1980s and 1990s and was
barely affected by the Great Recession starting
in 2007.
Because the earnings calculations in Fig. 1 re-

flect individual incomes while the top 1% cal-
culations reflect household incomes, the two
calculations are not directly comparable. To
put the numbers on the same footing, consider
the earnings gap between a college-educated
two-earner husband-wife family and a high school–
educated two-earner husband-wife family, which
rose by $27,951 between 1979 and 2012 (from
$30,298 to $58,249). This increase in the earn-
ings gap between the typical college-educated
and high school–educated household earn-
ings levels is four times as large as the redis-
tribution that has notionally occurred from
the bottom 99% to the top 1% of households.
What this simple calculation suggests is that
the growth of skill differentials among the “other
99 percent” is arguably even more consequen-
tial than the rise of the 1% for the welfare of
most citizens.

The median earnings comparisons in Fig. 1 also
convey a key feature of rising inequality that
cannot be inferred from trends in top incomes:
Wage inequality has risen throughout the earn-
ings distribution, not merely at the top percent-
iles. Figure S1 documents this pattern by plotting,
for 12 Organization for Economic Cooperation
and Development (OECD) member countries over
three decades (1980 to 2011), the change in the
ratio of full-time earnings of males at the 90th
percentile relative to males at the 10th percent-
ile of the wage distribution. Although the 90/10
earnings ratio differed greatly across countries
at the earliest date of the sample—from a low
of 2.0 in Sweden to a high of 3.6 in the United
States—this earnings ratio increased substan-
tially in all but one of them (France) over the
next 30 years, growing by at least 25 percentage
points in 10 countries, by at least 50 percentage
points in 8 countries, and by more than 100 per-
centage points in three countries (New Zealand,
the United Kingdom, and the United States).
How much does the rising education premium

contribute to the increase of earnings inequality?
Although data limitations make it difficult to
answer this question for most countries, we do
know the answer for the United States. Goldin
and Katz (1) found that the increase in the edu-
cation wage premium explains about 60 to 70%
of the rise in the dispersion of U.S. wages be-
tween 1980 and 2005 and, similarly, Lemieux (12)
calculated that higher returns to postsecondary

education can account for 55% of the rise in
male hourly wage variance from 1973–1975 to
2003–2005. Firpo et al. (13) found that rising
returns to education can explain just over 95% of
the rise of the U.S. male 90/10 earnings ratio be-
tween 1984 and 2004. That is, holding the ex-
panding education premium constant over this
period, there would have been essentially no in-
crease in the relative wages of the 90th-percentile
worker versus the 10th-percentile worker.
I have so far used the terms education and

skill interchangeably. What evidence do we have
that it is skills that are rewarded per se, rather
than simply educational credentials? The Pro-
gram for the International Assessment of Adult
Competencies (PIAAC) provides a compelling
data source for gauging the importance of
skills in wage determination. The PIAAC is an
internationally harmonized test of adult cog-
nitive and workplace skills (literacy, numeracy,
and problem-solving) that was administered
by the OECD to large, representative samples
of adults in 22 countries between 2011 and
2013 (14). Figure 2, sourced from (15), plots the
relationship between adults’ earnings and their
PIAAC numeracy scores across these 22 coun-
tries. The length of each bar reflects the av-
erage percentage earnings differential between
full-time workers ages 35 to 54 who differ by
one standard deviation in the PIAAC score.
The whiskers on each bar provide the 95%
confidence intervals for the estimates.

College/high school median annual earnings gap, 1979–2012 
In constant 2012 dollars
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Household gap
$30,298 to $58,249

Male gap
$17,411 to $34,969

Female gap
$12,887 to $23,280

Fig. 1. College/high school median annual earnings gap, 1979–2012. Figure is constructed using
Census Bureau P-60 (1979–1991) and P-25 (1992–2012) tabulations of median earnings of full-time,
full-year workers by educational level and converted to constant 2012 dollars (to account for
inflation) using the CPI-U-RS price series. Prior to 1992, college-educated workers are defined as
those with 16 or more years of completed schooling, and high school–educated workers are those
with exactly 12 years of completed schooling. After 1991, college-educated workers are those who
report completing at least 4 years of college, and high school–educated workers are those who
report having completed a high school diploma or GED credential.
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This figure conveys three points. First, cog-
nitive skills are substantially rewarded in the labor
market across all 22 economies. The average
wage premium corresponding to one “unit” (i.e.,
one standard deviation) increase in measured
cognitive skills is 18%. In addition, cognitive earn-
ings premiums differ substantially across coun-
tries. The premium is below 13% in Sweden,
the Czech Republic, and Norway. It is above
20% in six countries. The United States stands
out as having the highest measured return to
skill, with a premium of 28% per unit increment
to cognitive ability. Concretely, comparing two
U.S. workers who are one standard deviation
above and one standard deviation below the
population average of cognitive ability, we would
expect their full-time weekly earnings to dif-
fer by 50 to 60%. Notably, the high return to
cognitive ability in the United States does not
follow automatically from high levels of U.S.
earnings inequality. If U.S. wages were deter-
mined mainly by luck, beauty, or family con-
nections, we would expect little connection
between workers’ cognitive ability and their la-
bor market rewards (16). Figure 2 demonstrates
that this is not the case.
Of course, these data do not explain why

the skill premium has risen over time, nor
why the United States has a higher skill pre-
mium than so many other advanced nations.
The next section considers the supply and demand

for skill in the labor market—specifically, why
they fluctuate over time and how their inter-
action helps to determine the skill premium. I
focus on the United States in this section to al-
low a deeper exploration of the data.

Education and Inequality

Workers’ earnings in a market economy de-
pend fundamentally (some economists would
say entirely) on their productivity—that is, the
value they produce through their labor. And in
turn, workers’ productivity depends on two fac-
tors. One is their capabilities, concretely, the
tasks they can accomplish (i.e., their skills). A
second is their scarcity: The fewer workers that
are available to accomplish a task, and the more
employers need that task accomplished, the
higher is workers’ economic value in that
task. In conventional terms, the skill premium
depends uponwhat skills employers require (skill
demand) and what skills workers have acquired
(skill supply). To interpret the evolution of this
premium, we need to account for both forces.

Skill Demands: The Long View

A technologically advanced economy requires
a literate, numerate, and technically and scien-
tifically trained workforce to develop ideas, man-
age complex organizations, deliver healthcare
services, provide financing and insurance, ad-
minister government services, and operate critical

infrastructure. This was not always the case. In
1900, 4 in 10 U.S. jobs were in agriculture, 11%
of the population was illiterate, a substantial
fraction of economic activity required hard phys-
ical labor, and workers’ strength and physical
stamina were key job skills (17, 18). Few citizens
would have predicted at the time that a cen-
tury later, health care, finance, information tech-
nology, consumer electronics, hospitality, leisure,
and entertainment would employ farmorework-
ers than agriculture—which employed only 2%
of U.S. workers in 2010. As physical labor has
given way to cognitive labor, the labor market’s
demand for formal analytical skills, written com-
munications, and specific technical knowledge—
what economists often loosely term cognitive
skills—has risen spectacularly.
The central determinant of the supply of

skills available to an advanced economy is its
education system. In 1900, the typical young,
native-born American had only a common school
education, about the equivalent of six to eight
grades (19). By the late 19th century, however,
many Americans recognized that farm employ-
ment was declining, industry was rising, and
their children would need additional education
to earn a living. Over the first four decades of the
20th century, the United States became the first
nation in the world to deliver universal high
school education to its citizens. Tellingly, the high
school movement was led by the farm states.
As the high school movement reached its

conclusion, postsecondary education became
increasingly indispensable to the growing oc-
cupations of medicine, law, engineering, sci-
ence, and management. In 1940, only 6% of
Americans had completed a 4-year college
degree. From the end of the Second World
War to the early 1980s, however, the ranks of
college-educated workers rose robustly and
steadily, with each cohort of workers enter-
ing the labor market boasting a proportion-
ately higher rate of college education than
the cohort that preceded it. This intercohort
pattern, which was abetted by the Second
World War and Korean War GI Bills (20) and
by huge state and federal investments in pub-
lic college and university systems, is depicted in
Fig. 3A. From 1963 through 1982, the fraction
of all U.S. hours worked that were supplied
by college graduates rose by almost 1 percentage
point per year, a remarkably rapid gain.
After 1982, however, the rate of intercohort

increase fell by almost half—from 0.87 percentage
points to 0.47 percentage points per year—and
did not begin to rebound until 2004, nearly
two decades later. As shown in fig. S2, this de-
celeration in the supply of college graduates is
particularly stark when one focuses on young
adults with fewer than 10 years of experience—
that is, the cohorts of recent labor market
entrants at each point in time. Although the
supply of young college-educated males rela-
tive to young high school–educated males in-
creased rapidly in the 1960s and early 1970s
(and indeed throughout the postwar period), this
rising tide reached an apex in 1974 from which

Fig. 2. Cross-national differences
in wage returns to skills,
2011–2013. Reproduced with
permission from Hanushek et al.
[(15), table 2]. Estimates are
obtained by regressing the
natural logarithm of workers’
weekly full-time earnings on test
scores while controlling for sex
and labor market experience
(both a linear and a quadratic
term). Regression estimates are
performed separately for each
country and test scores are
normalized with mean zero and
unit standard deviation within
each country. Estimates that
normalize test scores on a
common basis across countries,
or that use literacy or
problem-solving scores rather
than numeracy scores,
yield qualitatively similar patterns.

Cross-national differences in wage returns 
to skills, 2011–2013 
Percentage increase for a one standard deviation 
increase in skill 

0 5 10 15 20 25 30 percent

Sweden
Czech R.

Norway
Italy

Denmark
Cyprus

Finland
Belgium

France
Estonia

Slovak R.
Austria
Netherlands
Japan

Poland
Canada

Korea
U.K.

Spain
Germany

Ireland
U.S.

Earnings 
gain

95% confidence 
interval

SCIENCE sciencemag.org 23 MAY 2014 • VOL 344 ISSUE 6186 845





“Throughout	much	of	the	20th	century,	successive	waves	of	innovaAon
—electrificaAon,	mass	producAon,	motorized	transportaAon,	
telecommunicaAons—have	reduced	the	demand	for	physical	labor	and	
raised	the	centrality	of	cogniAve	labor	in	pracAcally	every	walk	of	life.	
The	past	three	decades	of	computerizaAon,	in	parAcular,	have	extended	
the	reach	of	this	process	by	displacing	workers	from	performing	rouAne,	
codifiable	cogniAve	tasks	(e.g.,	bookkeeping,	clerical	work,	and	
repeAAve	producAon	tasks)	that	are	now	readily	scripted	with	computer	
soKware	and	performed	by	inexpensive	digital	machines.	This	ongoing	
process	of	machine	subsAtuAon	for	rouAne	human	labor	complements	
educated	workers	who	excel	in	abstract	tasks	that	harness	problem-
solving	ability,	intuiAon,	creaAvity,	and	persuasion—tasks	that	are	at	
present	difficult	to	automate	but	essenAal	to	perform.	Simultaneously,	
it	devalues	the	skills	of	workers,	typically	those	without	postsecondary	
educaAon,	who	compete	most	directly	with	machinery	in	performing	
rouAne-intensive	acAviAes.	The	net	effect	of	these	forces	is	to	further	
raise	the	demand	for	formal	educaAon,	technical	experAse,	and	
cogniAve	ability.”	(Autor,	2014)	
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3. The direct job creating and job destroying properties of technology are relatively clear and well 
understood. What is less obvious is the way in which some technology and knowledge-using sectors 
combine rising productivity and higher employment over time. 
  
Demand for specialist services such as medicine, business and professional services, marketing, 
design and education have increased as incomes have risen. These sectors help customers benefit 
from improvements in specialist knowledge and assist them in navigating complexity. The 
application of technology to these sectors has raised productivity and improved outcomes.  This can 
be seen most spectacularly in medicine; but easy access to information and the accelerating pace of 
communication have revolutionised most knowledge-based industries. 
 
Thus, far from technology and jobs being in opposition, in areas including medicine, education and 
professional services, employment and technology have marched together. The 1871 census records 
that there were 9,832 accountants in England and Wales. Their numbers have risen-twenty fold in 
the last 140 years to 215,678 (Chart 4). 

 

 
Source: England and Wales Census records, authors’ calculations 

Data for 1921 and 1931 have been interpolated due to discontinuities in definitions and data 
 
Over the last 150 years, the state has taken a growing role in the provision of health and education – 
two major knowledge and technology-intensive industries. The nineteenth century welfare state was 
miniscule by today’s standards. Most people met their own needs, relying on family and friends or 
charities or going without. In 1851, government expenditure accounted for less than 10% of UK GDP 
and the bulk of this was on the armed forces. Spending on health, education and welfare has been 
the engine behind the subsequent expansion of the state. Over the last 50 years, public expenditure 
has accounted for an average of 43% of GDP. Consumers have expressed their preference for state 
provision through the ballot box, and the state is now the dominant provider of health and 
education. 
  
Nursing illustrates the growing specialisation, and professionalisation, that has been seen in many 
other services in the last 150 years. Until the middle of the nineteenth century nursing was generally 
seen as a low-skilled, low-status role, closer to domestic service than medicine. At the time of the 
1871 census most nursing was done by domestic servants, family and nuns. The census of 1871 
recorded only 28,000 “sick and invalid” nurses. The reforms of the late nineteenth century, partly a 
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Source: England and Wales Census records, authors’ calculations 

The same forces have been at work in manufacturing. A recent paper from the ONS shows that 
employment in manufacturing has fallen from 38% of the workforce in 1948 to 8% in 2012. As in 
agriculture, falling manufacturing employment reflects the growth of international trade and the 
effect of shifting production to cheaper countries overseas. But globalisation is, itself, a beneficiary 
of technological change through advances in communication, transportation and the mobility of 
capital. 

 

Source: England and Wales Census records, authors’ calculations 

The census data also provide an insight into the interaction of technology and employment in a 
once-large, but now almost forgotten, sector. In 1901, in a population in England and Wales of 32.5 
million, 200,000 people were engaged in washing clothes. By 2011, with a population of 56.1 million 
just 35,000 people worked in the sector, most in launderettes or commercial laundries. A collision of 
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technologies, indoor plumbing, electricity and the affordable automatic washing machine have all 
but put paid to large laundries and the drudgery of hand washing. (Chart 2). 

In real terms, the cost of getting the laundry done, of food and of manufactured products has fallen, 
in part, because of the application of technology. Much of the benefit of technology flows to labour 
as consumers. (It is striking how many technologies improve the lot of consumers but fail to do much 
for their investors). 

The effect of rising productivity in agriculture and manufacturing can be seen in the shrinking share 
of consumer spending accounted for their output. Better productivity, and growing international 
trade, has shrunk the share of food in the retail price index basket from 34.8% in 1950 to 11.4% in 
2014. Off-shoring and rapid gains in productivity have also reduced the share of clothing and 
footwear costs in the RPI basket from 9.7% to 4.5% over the same time. The real price of cars has 
halved in the UK in the last 25 years, and its share in the RPI basket has almost halved. 

Improvements in the quality and pricing of electronic goods have been particularly striking. These 
gains accelerated with the switch from mechanical components and transistors to digital 
components in the 1970s. In 1948, a Freed-Eiseman 16-inch TV cost $795 in the US, roughly a 
quarter of the average annual salary, or roughly $12,000 today. A top of the range TV can be bought 
today for less than $1,000. On a quality-adjusted basis, the decline in prices is even more 
pronounced. US CPI data show that the price of a TV has fallen by 98% since 1950.  
    
2. We are also familiar with the way in which technology directly creates employment in new 
sectors. In the last 35 years, two of the top ten fastest growing occupations in the UK have been in 
the technology sector. The number of information technology managers has risen by a factor of 6.5, 
to over 327,000; and the number of programmers and software development professionals has risen 
by a factor of almost three, to 274,160.    

But history shows this is a dynamic process, in which, in time, technologies become obsolete and are 
supplanted. The number of people employed as telephone and telegraph operators rose by a factor 
of forty in the 100 years to 1971. Since then employment has shrunk as digital switchboards, the 
internet and mobile telephony have taken off (Chart 3). 

 
Source: England and Wales Census records, authors’ calculations  

Data for 1931 have been interpolated due to discontinuities in definitions and data 
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 -

 1.00

 2.00

 3.00

 4.00

 5.00

 6.00

 7.00

 8.00

 -

 100

 200

 300

 400

 500

 600

 700

 800

 900

 1,000

1871 1881 1891 1901 1911 1921 1931 1951 1961 1971 1981 1991 2001 2011

% of workforceThousands Chart 1. Agricultural labourers
Number of Agricultural labourers (LHS) % of workforce (RHS)

 -

 0.20

 0.40

 0.60

 0.80

 1.00

 1.20

 1.40

 1.60

 1.80

 -

 50

 100

 150

 200

 250

1871 1881 1891 1901 1911 1921 1931 1951 1961 1971 1981 1991 2001 2011

% of workforceThousands Chart 2. Washers, Launderers
Number of Washers, Launderers (LHS) % of workforce (RHS)

From:	Technology	and	People:	The	Great	Job-Crea7ng	Machine,	by	Ian	Stewart,	DebapraAm	De,	&	Alex	Cole	(DeloiWe	LLP)	



LETTER
doi:10.1038/nature15392

Inequality and visibility of wealth in experimental
social networks
Akihiro Nishi1,2, Hirokazu Shirado1,2, David G. Rand1,3,4 & Nicholas A. Christakis1,2,5,6

Humans prefer relatively equal distributions of resources1–5, yet
societies have varying degrees of economic inequality6. To invest-
igate some of the possible determinants and consequences of
inequality, here we perform experiments involving a networked
public goods game in which subjects interact and gain or lose wealth.
Subjects (n 5 1,462) were randomly assigned to have higher or lower
initial endowments, and were embedded within social networks
with three levels of economic inequality (Gini coefficient 5 0.0,
0.2, and 0.4). In addition, we manipulated the visibility of the wealth
of network neighbours. We show that wealth visibility facilitates
the downstream consequences of initial inequality—in initially
more unequal situations, wealth visibility leads to greater inequality
than when wealth is invisible. This result reflects a heterogeneous
response to visibility in richer versus poorer subjects. We also find
that making wealth visible has adverse welfare consequences, yield-
ing lower levels of overall cooperation, inter-connectedness, and
wealth. High initial levels of economic inequality alone, however,
have relatively few deleterious welfare effects.

The unequal distribution of wealth in modern societies probably
arose after we abandoned the relatively possession-free existence of
hunter-gatherers7–9, and it reflects several processes: individual vari-
ation in inborn traits (such as abilities, desires), differential access to
environmental resources, and differential accumulation of wealth
through transactions. Despite such inequality, humans have strong
egalitarian preferences1–5. What forces, then, lead to the emergence
and maintenance of economic inequality? And what are the welfare
implications of this inequality? We shed light on these questions using
laboratory experiments that explore macro-level dynamics of eco-
nomic inequality arising from micro-level cooperative interactions
of individuals embedded within dynamic social networks10–12. We
focus on two dimensions: (1) initial conditions of wealth inequality
(as a proxy for variation in initial endowments or private access to
environmental resources), and (2) the local visibility of wealth.

We carried out a series of experiments with 1,462 subjects, divided
among 80 sessions lasting an average of 30.0 minutes (s.d. 5 7.13).
Subjects were placed in groups with an average size of 17.21
(s.d. 5 2.79) and arranged in a social network with an Erdo}s–Rényi
random graph configuration in which 30% of ties were present (see
Supplementary Information)10,11,13; subjects were therefore initially
connected to an average of 5.33 (s.d. 5 0.98) neighbours. The subjects
played a cooperation game lasting 10 rounds with their neighbours. In
each round, all subjects chose whether to cooperate, by reducing their
own wealth by 50 ‘units’ per neighbour in order to increase the wealth
of all neighbours by 100 units each, or to defect by paying no cost and
providing no benefits. Subjects made the same choice with all their
neighbours. These interactions constituted the economic transactions,
affecting each individual’s wealth and thus resulting in population-
level changes in overall wealth and inequality. The arbitrary units were
converted to real money at the end of the game (see Supplementary
Information).

After making their cooperation choice, subjects were informed
of the choices made by their neighbours. Then, subjects had the
opportunity to change their neighbours by making or breaking ties.
Specifically, 30% of all pairs of subjects were chosen at random in each
round and given the opportunity to rewire their networks (this set-up
was fixed across all manipulated conditions)10,11. If a tie already existed
between the two subjects, then one of the two was picked at random to
be allowed to choose whether to voluntarily break the tie with the
other; if a tie did not already exist between the two, both of them were
given the option to form a tie and, if both approved, a new tie was
formed. When making this decision, subjects were aware of whether
the person to whom they might disconnect or connect had cooperated
or defected in the past round. Thus, people could choose to alter a new
subset of their social ties at each round; the network could be rewired;
and subjects’ network degree (number of directly connected neigh-
bours) and transitivity (the probability that any two of a focal subject’s
neighbours are themselves connected) could change.

Within this basic setup, we then manipulated initial wealth inequality
and wealth visibility (Extended Data Table 1 and Extended Data Figs 1
and 2). To manipulate initial wealth inequality, subjects were randomly
assigned to one of three conditions. In the ‘no initial inequality’ con-
dition, each subject started with the same initial endowment of
500 units. In the other two conditions, there was initial wealth inequal-
ity, such that ‘rich’ subjects received a larger initial endowment than
‘poor’ subjects. The endowments of the rich and poor were set to dif-
ferent levels of inequality such that the expected Gini coefficient (see
Supplementary Information)14 at the beginning was either 0.0 (no initial
inequality), 0.2 (low initial inequality), or 0.4 (high initial inequality).
Importantly, the overall per capita initial wealth in all groups was equi-
valent (that is, 500 units); only the distribution of wealth varied. Subjects
were randomly assigned to be rich or poor within the low and high
initial inequality conditions, and they were randomly assigned to one of
the nodes in the randomly generated network regardless of their endow-
ment (see Fig. 1 for illustration, and also Supplementary Video 1).

Independent of baseline inequality, we also manipulated the visibil-
ity of local neighbours’ wealth. In the ‘invisible’ (private) condition,
subjects only knew their own accumulated wealth. In the ‘visible’
condition, subjects could see their own accumulated wealth as well
as the accumulated wealth of each of their directly connected neigh-
bours. Subjects were informed whether each of their neighbours coop-
erated or not, regardless of the visibility condition of neighbours’
wealth. In both the visible and invisible set-ups, subjects had only local
knowledge about their immediate neighbours and not global know-
ledge about the whole network.

Initial wealth inequality and visibility had joint and several effects on
game dynamics. We begin by considering the persistence of wealth
inequality (Fig. 2). Although the Gini coefficients in the invisible con-
ditions converge at a low level (of roughly 0.16) by the later rounds, the
Gini coefficients in the visible conditions vary persistently and depend
on the initial level of inequality. We see a substantial interaction effect
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igate some of the possible determinants and consequences of
inequality, here we perform experiments involving a networked
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with three levels of economic inequality (Gini coefficient 5 0.0,
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of network neighbours. We show that wealth visibility facilitates
the downstream consequences of initial inequality—in initially
more unequal situations, wealth visibility leads to greater inequality
than when wealth is invisible. This result reflects a heterogeneous
response to visibility in richer versus poorer subjects. We also find
that making wealth visible has adverse welfare consequences, yield-
ing lower levels of overall cooperation, inter-connectedness, and
wealth. High initial levels of economic inequality alone, however,
have relatively few deleterious welfare effects.
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hunter-gatherers7–9, and it reflects several processes: individual vari-
ation in inborn traits (such as abilities, desires), differential access to
environmental resources, and differential accumulation of wealth
through transactions. Despite such inequality, humans have strong
egalitarian preferences1–5. What forces, then, lead to the emergence
and maintenance of economic inequality? And what are the welfare
implications of this inequality? We shed light on these questions using
laboratory experiments that explore macro-level dynamics of eco-
nomic inequality arising from micro-level cooperative interactions
of individuals embedded within dynamic social networks10–12. We
focus on two dimensions: (1) initial conditions of wealth inequality
(as a proxy for variation in initial endowments or private access to
environmental resources), and (2) the local visibility of wealth.

We carried out a series of experiments with 1,462 subjects, divided
among 80 sessions lasting an average of 30.0 minutes (s.d. 5 7.13).
Subjects were placed in groups with an average size of 17.21
(s.d. 5 2.79) and arranged in a social network with an Erdo}s–Rényi
random graph configuration in which 30% of ties were present (see
Supplementary Information)10,11,13; subjects were therefore initially
connected to an average of 5.33 (s.d. 5 0.98) neighbours. The subjects
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neighbours. These interactions constituted the economic transactions,
affecting each individual’s wealth and thus resulting in population-
level changes in overall wealth and inequality. The arbitrary units were
converted to real money at the end of the game (see Supplementary
Information).

After making their cooperation choice, subjects were informed
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opportunity to change their neighbours by making or breaking ties.
Specifically, 30% of all pairs of subjects were chosen at random in each
round and given the opportunity to rewire their networks (this set-up
was fixed across all manipulated conditions)10,11. If a tie already existed
between the two subjects, then one of the two was picked at random to
be allowed to choose whether to voluntarily break the tie with the
other; if a tie did not already exist between the two, both of them were
given the option to form a tie and, if both approved, a new tie was
formed. When making this decision, subjects were aware of whether
the person to whom they might disconnect or connect had cooperated
or defected in the past round. Thus, people could choose to alter a new
subset of their social ties at each round; the network could be rewired;
and subjects’ network degree (number of directly connected neigh-
bours) and transitivity (the probability that any two of a focal subject’s
neighbours are themselves connected) could change.

Within this basic setup, we then manipulated initial wealth inequality
and wealth visibility (Extended Data Table 1 and Extended Data Figs 1
and 2). To manipulate initial wealth inequality, subjects were randomly
assigned to one of three conditions. In the ‘no initial inequality’ con-
dition, each subject started with the same initial endowment of
500 units. In the other two conditions, there was initial wealth inequal-
ity, such that ‘rich’ subjects received a larger initial endowment than
‘poor’ subjects. The endowments of the rich and poor were set to dif-
ferent levels of inequality such that the expected Gini coefficient (see
Supplementary Information)14 at the beginning was either 0.0 (no initial
inequality), 0.2 (low initial inequality), or 0.4 (high initial inequality).
Importantly, the overall per capita initial wealth in all groups was equi-
valent (that is, 500 units); only the distribution of wealth varied. Subjects
were randomly assigned to be rich or poor within the low and high
initial inequality conditions, and they were randomly assigned to one of
the nodes in the randomly generated network regardless of their endow-
ment (see Fig. 1 for illustration, and also Supplementary Video 1).

Independent of baseline inequality, we also manipulated the visibil-
ity of local neighbours’ wealth. In the ‘invisible’ (private) condition,
subjects only knew their own accumulated wealth. In the ‘visible’
condition, subjects could see their own accumulated wealth as well
as the accumulated wealth of each of their directly connected neigh-
bours. Subjects were informed whether each of their neighbours coop-
erated or not, regardless of the visibility condition of neighbours’
wealth. In both the visible and invisible set-ups, subjects had only local
knowledge about their immediate neighbours and not global know-
ledge about the whole network.

Initial wealth inequality and visibility had joint and several effects on
game dynamics. We begin by considering the persistence of wealth
inequality (Fig. 2). Although the Gini coefficients in the invisible con-
ditions converge at a low level (of roughly 0.16) by the later rounds, the
Gini coefficients in the visible conditions vary persistently and depend
on the initial level of inequality. We see a substantial interaction effect
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Humans prefer relatively equal distributions of resources1–5, yet
societies have varying degrees of economic inequality6. To invest-
igate some of the possible determinants and consequences of
inequality, here we perform experiments involving a networked
public goods game in which subjects interact and gain or lose wealth.
Subjects (n 5 1,462) were randomly assigned to have higher or lower
initial endowments, and were embedded within social networks
with three levels of economic inequality (Gini coefficient 5 0.0,
0.2, and 0.4). In addition, we manipulated the visibility of the wealth
of network neighbours. We show that wealth visibility facilitates
the downstream consequences of initial inequality—in initially
more unequal situations, wealth visibility leads to greater inequality
than when wealth is invisible. This result reflects a heterogeneous
response to visibility in richer versus poorer subjects. We also find
that making wealth visible has adverse welfare consequences, yield-
ing lower levels of overall cooperation, inter-connectedness, and
wealth. High initial levels of economic inequality alone, however,
have relatively few deleterious welfare effects.

The unequal distribution of wealth in modern societies probably
arose after we abandoned the relatively possession-free existence of
hunter-gatherers7–9, and it reflects several processes: individual vari-
ation in inborn traits (such as abilities, desires), differential access to
environmental resources, and differential accumulation of wealth
through transactions. Despite such inequality, humans have strong
egalitarian preferences1–5. What forces, then, lead to the emergence
and maintenance of economic inequality? And what are the welfare
implications of this inequality? We shed light on these questions using
laboratory experiments that explore macro-level dynamics of eco-
nomic inequality arising from micro-level cooperative interactions
of individuals embedded within dynamic social networks10–12. We
focus on two dimensions: (1) initial conditions of wealth inequality
(as a proxy for variation in initial endowments or private access to
environmental resources), and (2) the local visibility of wealth.

We carried out a series of experiments with 1,462 subjects, divided
among 80 sessions lasting an average of 30.0 minutes (s.d. 5 7.13).
Subjects were placed in groups with an average size of 17.21
(s.d. 5 2.79) and arranged in a social network with an Erdo}s–Rényi
random graph configuration in which 30% of ties were present (see
Supplementary Information)10,11,13; subjects were therefore initially
connected to an average of 5.33 (s.d. 5 0.98) neighbours. The subjects
played a cooperation game lasting 10 rounds with their neighbours. In
each round, all subjects chose whether to cooperate, by reducing their
own wealth by 50 ‘units’ per neighbour in order to increase the wealth
of all neighbours by 100 units each, or to defect by paying no cost and
providing no benefits. Subjects made the same choice with all their
neighbours. These interactions constituted the economic transactions,
affecting each individual’s wealth and thus resulting in population-
level changes in overall wealth and inequality. The arbitrary units were
converted to real money at the end of the game (see Supplementary
Information).

After making their cooperation choice, subjects were informed
of the choices made by their neighbours. Then, subjects had the
opportunity to change their neighbours by making or breaking ties.
Specifically, 30% of all pairs of subjects were chosen at random in each
round and given the opportunity to rewire their networks (this set-up
was fixed across all manipulated conditions)10,11. If a tie already existed
between the two subjects, then one of the two was picked at random to
be allowed to choose whether to voluntarily break the tie with the
other; if a tie did not already exist between the two, both of them were
given the option to form a tie and, if both approved, a new tie was
formed. When making this decision, subjects were aware of whether
the person to whom they might disconnect or connect had cooperated
or defected in the past round. Thus, people could choose to alter a new
subset of their social ties at each round; the network could be rewired;
and subjects’ network degree (number of directly connected neigh-
bours) and transitivity (the probability that any two of a focal subject’s
neighbours are themselves connected) could change.

Within this basic setup, we then manipulated initial wealth inequality
and wealth visibility (Extended Data Table 1 and Extended Data Figs 1
and 2). To manipulate initial wealth inequality, subjects were randomly
assigned to one of three conditions. In the ‘no initial inequality’ con-
dition, each subject started with the same initial endowment of
500 units. In the other two conditions, there was initial wealth inequal-
ity, such that ‘rich’ subjects received a larger initial endowment than
‘poor’ subjects. The endowments of the rich and poor were set to dif-
ferent levels of inequality such that the expected Gini coefficient (see
Supplementary Information)14 at the beginning was either 0.0 (no initial
inequality), 0.2 (low initial inequality), or 0.4 (high initial inequality).
Importantly, the overall per capita initial wealth in all groups was equi-
valent (that is, 500 units); only the distribution of wealth varied. Subjects
were randomly assigned to be rich or poor within the low and high
initial inequality conditions, and they were randomly assigned to one of
the nodes in the randomly generated network regardless of their endow-
ment (see Fig. 1 for illustration, and also Supplementary Video 1).

Independent of baseline inequality, we also manipulated the visibil-
ity of local neighbours’ wealth. In the ‘invisible’ (private) condition,
subjects only knew their own accumulated wealth. In the ‘visible’
condition, subjects could see their own accumulated wealth as well
as the accumulated wealth of each of their directly connected neigh-
bours. Subjects were informed whether each of their neighbours coop-
erated or not, regardless of the visibility condition of neighbours’
wealth. In both the visible and invisible set-ups, subjects had only local
knowledge about their immediate neighbours and not global know-
ledge about the whole network.

Initial wealth inequality and visibility had joint and several effects on
game dynamics. We begin by considering the persistence of wealth
inequality (Fig. 2). Although the Gini coefficients in the invisible con-
ditions converge at a low level (of roughly 0.16) by the later rounds, the
Gini coefficients in the visible conditions vary persistently and depend
on the initial level of inequality. We see a substantial interaction effect
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societies have varying degrees of economic inequality6. To invest-
igate some of the possible determinants and consequences of
inequality, here we perform experiments involving a networked
public goods game in which subjects interact and gain or lose wealth.
Subjects (n 5 1,462) were randomly assigned to have higher or lower
initial endowments, and were embedded within social networks
with three levels of economic inequality (Gini coefficient 5 0.0,
0.2, and 0.4). In addition, we manipulated the visibility of the wealth
of network neighbours. We show that wealth visibility facilitates
the downstream consequences of initial inequality—in initially
more unequal situations, wealth visibility leads to greater inequality
than when wealth is invisible. This result reflects a heterogeneous
response to visibility in richer versus poorer subjects. We also find
that making wealth visible has adverse welfare consequences, yield-
ing lower levels of overall cooperation, inter-connectedness, and
wealth. High initial levels of economic inequality alone, however,
have relatively few deleterious welfare effects.

The unequal distribution of wealth in modern societies probably
arose after we abandoned the relatively possession-free existence of
hunter-gatherers7–9, and it reflects several processes: individual vari-
ation in inborn traits (such as abilities, desires), differential access to
environmental resources, and differential accumulation of wealth
through transactions. Despite such inequality, humans have strong
egalitarian preferences1–5. What forces, then, lead to the emergence
and maintenance of economic inequality? And what are the welfare
implications of this inequality? We shed light on these questions using
laboratory experiments that explore macro-level dynamics of eco-
nomic inequality arising from micro-level cooperative interactions
of individuals embedded within dynamic social networks10–12. We
focus on two dimensions: (1) initial conditions of wealth inequality
(as a proxy for variation in initial endowments or private access to
environmental resources), and (2) the local visibility of wealth.

We carried out a series of experiments with 1,462 subjects, divided
among 80 sessions lasting an average of 30.0 minutes (s.d. 5 7.13).
Subjects were placed in groups with an average size of 17.21
(s.d. 5 2.79) and arranged in a social network with an Erdo}s–Rényi
random graph configuration in which 30% of ties were present (see
Supplementary Information)10,11,13; subjects were therefore initially
connected to an average of 5.33 (s.d. 5 0.98) neighbours. The subjects
played a cooperation game lasting 10 rounds with their neighbours. In
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own wealth by 50 ‘units’ per neighbour in order to increase the wealth
of all neighbours by 100 units each, or to defect by paying no cost and
providing no benefits. Subjects made the same choice with all their
neighbours. These interactions constituted the economic transactions,
affecting each individual’s wealth and thus resulting in population-
level changes in overall wealth and inequality. The arbitrary units were
converted to real money at the end of the game (see Supplementary
Information).

After making their cooperation choice, subjects were informed
of the choices made by their neighbours. Then, subjects had the
opportunity to change their neighbours by making or breaking ties.
Specifically, 30% of all pairs of subjects were chosen at random in each
round and given the opportunity to rewire their networks (this set-up
was fixed across all manipulated conditions)10,11. If a tie already existed
between the two subjects, then one of the two was picked at random to
be allowed to choose whether to voluntarily break the tie with the
other; if a tie did not already exist between the two, both of them were
given the option to form a tie and, if both approved, a new tie was
formed. When making this decision, subjects were aware of whether
the person to whom they might disconnect or connect had cooperated
or defected in the past round. Thus, people could choose to alter a new
subset of their social ties at each round; the network could be rewired;
and subjects’ network degree (number of directly connected neigh-
bours) and transitivity (the probability that any two of a focal subject’s
neighbours are themselves connected) could change.

Within this basic setup, we then manipulated initial wealth inequality
and wealth visibility (Extended Data Table 1 and Extended Data Figs 1
and 2). To manipulate initial wealth inequality, subjects were randomly
assigned to one of three conditions. In the ‘no initial inequality’ con-
dition, each subject started with the same initial endowment of
500 units. In the other two conditions, there was initial wealth inequal-
ity, such that ‘rich’ subjects received a larger initial endowment than
‘poor’ subjects. The endowments of the rich and poor were set to dif-
ferent levels of inequality such that the expected Gini coefficient (see
Supplementary Information)14 at the beginning was either 0.0 (no initial
inequality), 0.2 (low initial inequality), or 0.4 (high initial inequality).
Importantly, the overall per capita initial wealth in all groups was equi-
valent (that is, 500 units); only the distribution of wealth varied. Subjects
were randomly assigned to be rich or poor within the low and high
initial inequality conditions, and they were randomly assigned to one of
the nodes in the randomly generated network regardless of their endow-
ment (see Fig. 1 for illustration, and also Supplementary Video 1).

Independent of baseline inequality, we also manipulated the visibil-
ity of local neighbours’ wealth. In the ‘invisible’ (private) condition,
subjects only knew their own accumulated wealth. In the ‘visible’
condition, subjects could see their own accumulated wealth as well
as the accumulated wealth of each of their directly connected neigh-
bours. Subjects were informed whether each of their neighbours coop-
erated or not, regardless of the visibility condition of neighbours’
wealth. In both the visible and invisible set-ups, subjects had only local
knowledge about their immediate neighbours and not global know-
ledge about the whole network.

Initial wealth inequality and visibility had joint and several effects on
game dynamics. We begin by considering the persistence of wealth
inequality (Fig. 2). Although the Gini coefficients in the invisible con-
ditions converge at a low level (of roughly 0.16) by the later rounds, the
Gini coefficients in the visible conditions vary persistently and depend
on the initial level of inequality. We see a substantial interaction effect
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between visibility and initial inequality on Gini over all rounds (two-
way interaction P 5 0.043; all P values determined using regression
with standard errors clustered at the level of session and round; see
Supplementary Table 2 and Supplementary Information for details).
In the high initial inequality condition, making neighbours’ wealth
visible results in significantly higher levels of inequality compared to

when neighbours’ wealth is invisible (difference in final round
Gini 5 0.104, P 5 0.004) (Fig. 2, inset). In the low initial inequality
condition, visibility again results in significantly higher inequality
compared to the invisible condition, but to a lesser degree (difference
in final round Gini 5 0.0387, P 5 0.041). Conversely, in the no initial
inequality condition, visibility does not affect inequality (difference in
final round Gini 5 0.0185, P 5 0.450). Thus, visibility serves to facil-
itate the persistence of whatever relative level of wealth inequality is
initially present in the system, compared to what would have happened
without visibility.

Examining groups of initially rich and poor subjects separately, we
find that those individuals who are initially rich tend to be rich at the
end, and, similarly, those who are initially poor tend to be poor at
the end, regardless of whether the initial Gini coefficient is 0.2 or 0.4
(Extended Data Fig. 3). Although—in both the visible and invisible
conditions—wealth distributions of initially rich and poor subjects
gradually overlapped as the level of earned wealth increases in later
rounds, few reversals of fortune occurred at the individual level (as also
seen in labour markets15).

Turning to levels of average population wealth, we find that visibility
has a substantial negative effect (Fig. 3a and Supplementary Table 4):
despite the same payoffs and rules across conditions, overall wealth is
significantly lower in the visible conditions compared to the invisible
conditions (regression model coefficient 5 2489.6, P 5 0.001). The
level of initial inequality is also negatively associated with overall
wealth (coefficient 5 2669.6, P 5 0.019).

To further understand how visibility and inequality affect social
welfare, we also examined cooperation and social tie formation. We
find that the negative effect of visibility upon wealth accumulation is
driven by a combination of two factors. First, cooperation rates are
lower in the visible condition than the invisible condition (difference in
cooperation frequency 5 20.208, P , 0.001; Fig. 3b and Supplemen-
tary Table 4), and do not differ based on the initial inequality—with a
hypothetical change in the Gini coefficient from 0 to 1 being associated
with a difference in cooperation frequency 5 20.084, P 5 0.445.
Second, there is lower social connectivity in the visible condition
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Figure 1 | The level of initial economic inequality and the visibility of
connecting neighbours’ wealth information are experimentally
manipulated in dynamic human social networks. a–d, The states at round 0
(before interactions start) and at round 10 (after they end) in 4 out of
80 sessions (n 5 1,462) are shown. The bold outline frame of a circular node
indicates the ‘visible’ condition (wealth information is revealed to directly
connected neighbours) and a non-bold outline frame indicates the ‘invisible’
condition (not revealed). Node size (area) indicates wealth (with bigger nodes

being richer). The letter in the node denotes the initial wealth to which subjects
were randomly assigned: N is an initially non-poor/non-rich subject (in the
no initial inequality condition), P is an initially poor subject, and R is an initially
rich subject. Node colours represent the last move (purple, cooperate; red,
defect; grey, no history). The Gini coefficient is also indicated (higher is more
unequal). The Gini coefficient (for disposable income) is presently roughly 0.26
in Scandinavia and 0.39 in the United States. One of the three treatment
conditions in our experiments (low initial inequality) is not shown.
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Figure 2 | Wealth visibility increases economic inequality (relative to
invisibility) in the presence of initial inequality, but not in the presence of
initial equality. The dynamics of the Gini coefficient in each of six settings
(80 sessions total) is shown. Inset, the differences between the Gini coefficient
over the ten rounds in the visible compared to the invisible condition (in the
form of regression coefficients; see Supplementary Information). Error bars,
mean 6 s.e.m. NS for P $ 0.05, *P , 0.05, and **P , 0.01.
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