
MIT 14.662 Graduate Labor Economics II Spring 2009
Lecture Note 5: Trade, Outsourcing, Skills and Wages

David Autor
MIT and NBER

April 30, 2009

1



1 Trade, Outsourcing, Skill Demand and Earnings

The volume of world trade �ows relative to economic output grew during the 1980s�but not

as fast as in the 1970s. However, growth accelerated rapidly throughout the developed world

from the mid-1990s forward.

1. According to Feenstra (1988), the value of trade in the U.S. (an average of imports and

exports) was 6.1% of GDP in 1913, but only 4.1% in 1970, rising to 8.8% in 1980 and

falling slightly in 1990.

2. France, Germany, Italy, Sweden, Canada and the UK also show signi�cant jumps in

merchandise trade as a share of GDP in the 1970s but smaller or even negative changes

in the 1980s (see Table 1 in Feenstra in Journal of Economic Perspectives, Fall 1998).

3. Though trade �ows in the 1980s and 1990s were below those at the turn of the century in

most cases, the timing of the recent increase is roughly (but far from precisely) coincident

with rise in earnings inequality in many countries.

These facts raise the logical question of whether international trade is responsible for the

growth in the relative earnings of skilled workers during the 1980s. The intuition for this idea�

and hence its plausibility�is immediately apparent. Most North-South trade� that is trade

between the U.S./OECD and the less-developed countries (LDCs)� is trade between relatively

skill-endowed economies and relatively unskilled-endowed economies. If you imagine that LDCs

primarily export unskilled-intensive products and developed countries (DCs) primarily export

skill-intensive products, than the opening of trade is analogous to a skill transfer between

economies. The DCs import low skilled workers and export high skilled workers, and vice versa

for the LDCs. This is nearly equivalent to a decline in the relative supply of skilled workers

and an increase in the supply of unskilled workers in Developed economics (and vice versa in

LDCs). Hence, all else equal, you would expect this type of trade opening to raise the relative

earnings of skilled workers relative to unskilled workers in DCs.

To see this point more formally, consider the two good interpretation of the CES model

we introduced in the �rst lectures. Consumer utility is de�ned over [Y �l + Y
�
h ]
1=�, with the

2



production functions for two goods being Yh = AhH and Yl = AlL. Both goods are assumed

to be tradable. For simplicity, compare the U.S. labor market equilibrium without any trade

to the equilibrium with full international trade without any trading costs.

Before trade, the U.S. relative price of skill intensive goods, ph=pl, is given by

pUS =
ph
pl
=

�
AhH

AlL

���1
: (1)

The skill premium is then simply equal to the ratio of the marginal value products of the two

types of workers, that is,

!US = pUS
Ah
Al

(2)

Next, suppose that the U.S. starts trading with a set of LDCs that have access to the same

technology as given by Ah and Al, but are relatively scarce in skills. Denote the total supplies

of skilled and unskilled workers in the LDCs by bH and bL where bH=bL < H=L, which simply

reiterates that the U.S. is more abundant in skilled workers than the LDCs.

After full trade opening, the product markets in the U.S. and the LDCs are joined, so there

will be a unique world relative price. Since the supply of skill-intensive and labor-intensive

goods are Ah
�
H + bH� and Al �L+ bL�, the relative price of the skill-intensive good will be

pW =

24Ah
�
H + bH�

Al

�
L+ bL�

35��1 > pUS: (3)

The fact that pW > pUS follows immediately from bH=bL < H=L. Intuitively, once the U.S.

starts trading with skill-scarce LDCs, demand for skilled goods increases, pushing the prices of

these goods up.

Labor demand in this economy is derived from product demands. The skill premium there-

fore follows the relative price of skill-intensive goods. After trade opening, the U.S. skill pre-

mium increases to

!W = pW
Ah
Al
> !US (4)

where the fact that !W > !US is an immediate consequence of pW > pUS. Therefore, trade

with less developed countries increases wage inequality in the U.S..
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The skill premium in the LDCs will also be equal to !W after trade since the producers face

the same relative price of skill-intensive goods, and have access to the same technologies. Before

trade, however, the skill premium in the LDCs was b! = bpAh=Al, where bp = �Ah bH=AlbL���1is
the relative price of skill-intensive goods in the LDCs before trade. The same argument as

above implies that bp > pW , i.e., trade with the skill-abundant U.S. reduces the relative price

of skill-intensive goods in the LDCs. This implies that !W < b!; after trade wage inequality
should fall in the LDCs that have started trading more with the U.S. or other OECD economies.

At face value, this theory has much appeal. However, many have noted (such as Krugman,

2000) that imports of manufactured goods from LDCs are still only 2 percent of combined

GDP of the OECD. Can trade �ows this small explain changes in earnings as large as were

observed in the 1980s? Common sense says no. But trade theory says yes. In trade theory, it

is prices rather than quantities that matter. And prices are set at the margin. So the answer

is: yes, small trade �ows can have large price e¤ects. (It is often said that in trade theory,

�the tail wags the dog�). The relevance of North-South trade opening to the growth of earnings

inequality must therefore be evaluated from a more sophisticated perspective than �it is too

small to matter.�

2 Linking Theories of Technical Change to Trade Theory

The literatures on trade and technology as determinants of inequality are two literatures di-

vided by a common language. Our goal in this section is to integrate these literatures, both

theoretically and empirically. To do this, we�ll bring technical change into the workhorse trade

model, which is the Hecksher-Olin model. In this model, SBTC is something trade economists

would call a �factor biased technical change,�that is a change that raises the relative quantity

demanded of a speci�c factor (e.g., skilled labor) at given relative prices. This type of technical

change should be distinguished from �sector biased technical change,�that is a technical change

that increases productivity in one sector of the economy relative to another (e.g., typically the

�high�versus �low�skill sectors) . Although it could well be that the sector experiencing the

productivity growth is the �skilled�sector, the distinction between sector- and factor- biased

technical change is crucial.
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2.1 Factor biased technical change in a one good economy

In a one-good economy, there is only one sector and hence only one type of technical change:

factor-biased. Assume two factors: skilled and unskilled labor. For added simplicity, assume

that there are an equal number (or supply) of each worker type. The wage ratio in this

economy is the line tangent to intersection between the endowment line and the economy�s unit

production isoquant. (See Autor Figure I.)

Hicks neutral technical change in this economy is a change that moves the unit isoquant

towards the origin (a decline in the resources needed to produce one unit of output) perpendic-

ular to the original production isoquant. This movement raises real earnings but leaves relative

skill prices unchanged.

Factor biased technical change is a technological change that moves the isoquant towards

the origin and shifts its slope to increase the quantity of one factor used to produce one unit

at the old wage ratio. However, the old price ratio will not be market clearing. The new

equilibrium will remain on the endowment line but the slope will be tilted towards the factor

that is now in greater demand, meaning that this factor�s wage will rise. Observe: it is possible

that the wages of the other factor will fall in real terms. (Nevertheless, you should see why

this is unlikely. What does this twisting of the isoquant imply about the change in Al?). In

particular, the �real wage�is the number of labor hours that each skill group must contribute

to purchase one unit of output. The real wage is therefore the reciprocal of the intercept of the

wage ratio with the x or y axis (for unskilled and unskilled labor respectively). In Figure I, real

wages of skilled workers rise and real wages of unskilled workers are essentially unchanged.

This one good economy suggests that a (skilled) factor biased technical change will raise

relative earnings of skilled workers and potentially lower earnings of unskilled workers. This

seems to �t the data well. But this example is too simple. Predictions �ip when we add a

second sector.
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2.1.1 Aside: The tenuous but not entirely decoupled relationship between factor
bias and total factor productivity

Before moving to the two sector case, it is useful to note that a factor-biased technical change

that does not raise total productivity will not typically be adopted. Because old technologies

are presumably still available, a factor-biased technical change must also raise (or at least not

lower) GDP to be used in equilibrium.

This can be seen in Figure 2 from Krugman (2000). In this �gure I � I represents the unit

isoquant at some initial date, say 1973, and E shows the unit inputs of skilled and unskilled

labor at that date. At some later date, say 1989, we observe the unit inputs at point E 0 and

wage rates given by the line w0�w0. Notice that the input of skilled labor per unit isoquant has

actually risen. The question Krugman asks is could this observed shift in inputs be explained

by skill-biased (i.e., factor-biased) technical progress?

The answer is no. The reason is that whatever new unit isoquant (i.e., new technology) gave

rise to E 0, it should still be the case that the old technology represented by I � I is available.

Notice that if you shift the w0�w0 line in parallel fashion towards the origin until it is tangent

with I�I, you will �nd that it would actually be cheaper to produce a unit of output using the

new factor prices (represented by w0�w0) using the old technology represented by I� I . More

generally, the new isocost curve cannot cross the old one, since only the frontier technology�the

one with the lowest cost�is still relevant.

This example makes two points. First, one needs to distinguish between the rate of technical

change, also known Total Factor Productivity (TFP) growth, with the factor bias of technical

change. Technical change can be substantially factor-biased without simultaneously producing

large increases in TFP (as some would argue occurred in the U.S. during the 1970s). But the

absence of substantial TFP growth places an upper limit on the bias of technical change that

will be e¢ ciently adopted. Assuming that skilled labor is more expensive than unskilled labor

(i.e, the skill premium is positive), �rms would not adopt a dramatically more skill-demanding

technology unless the technology was also substantially more productive.

Krugman o¤ers a rough calibration in Figure 3 that the factor bias and TFP of technical

change are roughly �compatible�over the 1973 - 1989 periods. What this �gure shows (assuming
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the data points are meaningful�it�s hard to know) is that it would not be feasible to produce

a unit of output more cheaply in 1989 using the 1973 production technology and 1989 factor

prices than it would be using the 1989 technology and 1989 factor prices. This suggests at a

minimum that a factor-biased technical change explanation of rising demand for skilled workers

passes the laugh test.

2.1.2 Trade opening in a two good economy

Now we will consider a two good economy with one good that is skill-intensive and the other

good that is unskilled-intensive. The economy operates under the basic Hecksher-Ohlin as-

sumptions:

1. Constant return to scale production technology, quasi-concave production functions (well

behaved).

2. Perfect competition.

3. Both goods are produced in equilibrium under trade (i.e., incomplete specialization).

4. Preferences are homothetic (i.e., no income e¤ects on consumption basket).

5. World prices are parametric for any country�that is all countries are price takers under

trade. (They are assumed too small to a¤ect world prices.)

We will consider how SBTC and trade opening a¤ects relative wages and factor intensities

in this economy. The crucial things to attend to are:

� Relative wages

� The relative size of each sector

� Skill intensity in each sector

The cases we will consider are:

1. Exogenous skill price increases caused by opening to trade.
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2. Hicks neutral technical change in skill intensive sector

3. SBTC in both sectors (with parametric prices)

4. Pervasive SBTC in both sectors in the world economy (goods prices changed as well)

2.1.3 Exogenous skill price increases caused by opening to trade

Consider a small economy that is relatively intensive in skilled labor (relative to the world

economy) under autarky (i.e., no trade). Opening to trade with the world economy immediately

raises the relative wage of skilled labor to the world price (which is higher). The isovalue curve

for the skill intensive good shifts towards the origin in relative terms (i.e., the price of this good

has risen). Responding to the wage increase, both sectors substitute towards less intensive use

of skilled labor. (See Autor Figure II.)

Hence, the observable implications:

1. The relative wage of skilled labor rises.

2. The use of skilled labor within each sector falls.

3. The skill-intensive sector expands.

2.1.4 Hicks neutral technical change in skill intensive sector

Now, consider a sector-biased technical change. Assume that this change is Hicks neutral; at

given prices, it does not alter the intensity of use of skilled versus unskilled labor in the skill-

intensive sector (i.e., it is simply an inward movement of the isovalue curve towards the origin

but perpendicular to the current wage ratio).

The increase in productivity in this sector increases pro�t opportunities and relative skilled

wages are bid up (note: relative wages would not rise if this sector used skilled and unskilled

labor in proportions equal to the initial endowment, so it is important that it is the skill

intensive sector). Again, both sectors become less skill intensive. (See Autor Figure III.)

Hence, the observable implications of this Hicks neutral sector-biased change are identical

to above:
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1. The relative wage of skilled labor rises.

2. The use of skilled labor within each sector falls.

3. The skill-intensive sector expands.

Because the implications are identical to above, these two examples seem to suggest that it

is sector bias�not factor bias�that we should be paying attention to.

2.1.5 Factor biased technical change in a small, open economy

Now consider a technical change that is biased towards the skilled factor rather than the skill-

intensive sector. For simplicity, imagine factors are saved in equal proportions in each sector

so that value isoquants shift equally toward the origin and the original wage ratio is preserved.

Both sectors now use skilled labor more intensively (so the relative size of the unskilled sector

will have grown to clear the market). (See Autor Figure IV.)

Key point: Because world prices for goods are parametric and both sectors gained propor-

tionally in productivity, there is no change in relative wages (though all workers are better

o¤).

This point is su¢ ciently counterintuitive that it deserves further discussion. Why doesn�t the

increase in the relative productivity of skilled labor (the high skill factor) raise relative wages?

The reason is that the goods price is pinned down by world prices �demand is perfectly elastic.

So long as the small open economy�s endowment remains within the �cone of diversi�cation�

(that is, both goods are produced), changes in factor supplies have no e¤ect on factor prices. The

economy is able to accommodate the changes in factor supplies via a reshu­ ing of production,

so that the demand for factors is in e¤ect in�nitely elastic. In our example, high skill labor is

used in greater proportions in each sector until its relative marginal product is identical to the

case prior to technical change. Of course, the technological advance must still raise aggregate

wealth �we are producing more goods at a �xed price using the same amount of labor. But it

has no e¤ect on inequality in this example.

You can see this graphically in Figure V. In our example, both sectors become more skill-

intensive and the unskill-intensive sector expands. But the relative price of the two goods �and
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hence the relative cost of producing those goods �does not change since this price are pinned

down by world prices. That is, if it previously cost $2 to produce the high-skill good and $1

to produce the low-skill good, then this price ratio must be preserved in the new equilibrium

(e.g., it now costs $1 and $0:50 to produce the high and low goods respectively). Pictorially,

this means that the slope of the line tangent to the isoquants for the two goods also cannot

change. But this slope is the wage ratio, so it is also unchanged.

So, the observable implications are:

1. Production becomes more skill intensive in both sectors

2. Incomes rise since more goods are produced using the same inputs

3. Unskilled intensive sector grows relatively larger (it must do this to accommodate the

fact that both sectors have become more skill intensive�this is an adding up constraint).

4. No change in inequality: Because goods prices are unchanged (set by world market),

relative wages of skilled labor do not rise.

Hence, strangely enough, factor-biased technical change does not seem to a¤ect inequality.

Yet, it is exactly factor-biased technical change (i.e., @(Ah=Al)=@t in the CES model) that

we have been using to study inequality. Have labor economists been thoroughly misguided as

Edward Leamer asserted in his well-known article �What is the Use of Factor Contents?�What

are we missing?

2.1.6 Pervasive factor-biased technical change

What is arti�cial about the small, economy example above is that the technical change is unique

to a single country�the rest of the world lives in technical isolation. This seems quite unlikely.

A more plausible case for the past several decades appears to be a technical change occurring in

most advanced countries simultaneously (e.g., advances in information technologies). Berman,

Bound and Machin label this a �pervasive�factor-biased technical change. (See Autor Figure

V.)

In the case of a pervasive factor-biased technical change, the world market acts much like a

single country in autarky experiencing a factor-biased technical change.
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Skilled labor augmenting technical change releases unskilled labor in both sectors. The

unskilled-intensive sector expands. With homothetic preferences, the price of the unskilled-

intensive good declines. The isovalue curve for the unskilled intensive good shifts outward and

so relative wages of unskilled labor falls. The net result is:

1. Production becomes more skill intensive in both sectors.

2. Relative price of the unskilled intensive good falls.

3. Inequality (the ratio of skilled to unskilled wages) rises.

Hence, this case of pervasive factor-biased technical change is consistent with a simultaneous

rise in the use and wage of skill intensive labor.

This suggests that to distinguish the trade story from the technical change story, we need

to focus on:

� Relative wages

� Factor supplies

� Skill intensity in each sector (i.e., within industries)

2.1.7 Evidence on pervasive SBTC

Berman, Bound and Machin (1998) provide some evidence that skilled factor-biased technical

change appears pervasive among developed countries (10 countries in data set). The implica-

tions they test:

1. Substitution towards skilled labor in all sectors simultaneously as relative

wages rise.

2. This substitutions is common among developed countries.

Their main results:

� Almost all skill upgrading (as measured by production/non-production employment shares

in manufacturing) occurs within industries. (Table II.)
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� In 7 out of 10 countries, industries substituted towards non-production labor despite rising

wages.

� Nonproduction wagebill shares grow in most countries during the 1970s and 1980s (BBM

Table III). This is important because if aggregate manufacturing production functions

are roughly Cobb-Douglas (i.e., � � 1), the wagebill share is itself a measure of demand

and hence these patterns suggest skill-biased technical change occurred in the 1970s and

1980s.

� Skill upgrading is reasonably highly correlated across countries within industries (consis-

tent with �pervasive�notion�though how high is high?)

� BBM Figure III: Movements in U.S. and UK are pretty strikingly similar (but this is not

so surprising).

Conclusion: Pervasive SBTC story is a potentially useful response to arguments in trade

literature that SBTC itself (that is skilled-factor-biased technical change) should not impact the

relative wages of less skilled workers in a small open economy. Pervasive factor-biased SBTC

in an open economy acts much like factor-biased SBTC in a closed economy.

2.1.8 Additional evidence on trade and inequality

As the comparison of equations (2) and (4) shows, the e¤ect of international trade works

through a unique intervening mechanism: free trade with the LDCs increases the relative price

of skill-intensive goods, p, and a¤ects the skill premium via this channel.

Hence, another damaging piece of evidence for the trade hypothesis is that most studies

suggest the relative price of skill-intensive goods did not increase over the period of increasing

inequality. Lawrence and Slaughter found that during the 1980s the relative price of skill-

intensive goods actually fell. Sachs and Shatz found no major change or a slight decline, while

a more recent paper by Krueger found an increase in the relative price of skill-intensive goods,

but only for the 1989-1995 period. (But see the Feenstra and Hanson 1999 QJE paper for a

critique of the approaches taken by these studies.)
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Second, as noted above, a direct implication of the trade view is that while demand for

skills and inequality should increase in Developed Countries, the converse should happen in the

LDCs, i.e., those that have started trading with the more skill-abundant developed world.

The evidence, however, suggests that more of the LDCs experienced rising inequality after

opening to international trade (Figure IV of BBM).

Notably, the absence of a relationship between a country�s level of development and its

change in inequality during the 1980s is particularly striking because most countries�even

LDCs�saw an increase in the supply of skilled workers during the 1980s. (BBM Figure V.)

These facts are consistent with pervasive SBTC, and suggest that increased international

trade with the LDCs is not the major cause of the changes in the wage structure by itself.

2.2 A Case Study in Trade Adjustment: The Opening of Hong Kong to Trade with
China [Hsieh and Woo, 2005]

China opened its market to foreign investors in 1980. Hsieh and Woo assert (and I don�t

know the historical basis for this claim� could be true, but there�s probably another example

somewhere) that this resulted in one of the largest cases of increased �outsourcing� in world

history. I put the term outsourcing in ellipses because I believe that the policy experiment and

analytic lens used by this paper are more closely akin to traditional trade theory rather than

anything speci�c to outsourcing. As Table 1 makes clear, there was a remarkable change in

the composition of employment in Hong Kong between 1981 and 1991, with the manufacturing

share of employment falling from 39.3 to 19.0 percent in one decade.

How should be expect the opening to trade with China to a¤ect, in particular: Employment

of skilled versus unskilled labor within services and manufacturing in Hong Kong? Size of the

service and manufacturing sectors in Hong Kong? The �return to education�in Hong Kong? It

is probably most useful to think of this as a case where a small, skill-intensive closed economy

(Hong Kong) opens bidirectional to trade with a large, unskill-intensive closed economy (China).

Thus, the equilibrium price ratio in Hong Kong is likely to shift heavily towards the Chinese

autarkic price ratio.

We want to consider four types of evidence:

1. The change in �skill demand�due to the change in the relative size of Services versus
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Manufacturing

2. The change in skill usage within the Manufacturing sector

3. The correlation between �outsourcing�within Manufacturing industries and changes in

skill usage

4. The change in the return to education. [Q: Why should this one come last?]

2.2.1 The change in �skill demand�due to the change in the relative size of
Services versus Manufacturing

We can write the change in the employment share of �skilled� workers using the following

decomposition:

Dt1 = DS
t1 � ESt1 +DM

t1 � EMt1 ;

Dt0 = DS
t0 � ESt0 +DM

t0 � EMt0 :

�D = Dt1 �Dt0;

�E = Et1 � Et0:

�D = DS
t1E

S
t1 +D

M
t1E

M
t1 �DS

t0E
S
t0 +D

M
t0E

M
t0

=
�
ESt1 � ESt0

�
�
�
DS
t0 �DM

t0

�
+
�
DM
t1 �DM

t0

�
EMto +

�
DS
t1 �DS

t0

�
ESto:

The three terms in this equation are:

1. The change in skilled employment due to growth of services relative to manufacturing

2. The change in skilled employment within manufacturing industries

3. The change in skilled employment in services industries

The �rst term is the canonical channel by which trade impacts skill demands: Expansion

of export sectors, contraction of import sectors.
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A second major channel is outsourcing of intermediate inputs. Within every industry, but

esp. manufacturing, there are likely to be a set of �tasks�that can be done abroad more cheaply.

When these tasks are outsourced, the �left over�work may be more or less skill intensive. This

impact is capture by a decomposition performed within manufacturing:

�DM =
�
DM
t1 �DM

t0

�
=
P
j

�
�EMj �DM

j

�
+
P
j

�
�DM

j � EMj
�
:

The �rst term measures the change in employment in manufacturing industries, weighting by

initial skill intensity. The second term measures the changes in skill intensity within industries,

weighting by initial employment share.

Table 3 shows the results of this exercise. Within manufacturing changes in skill input

are approximately twice as large a contributor to changes in skill input (measured by wagebill

share) as is reallocation of employment to services (despite the fact that services are initially

more skill-intensive). This is quite striking given that manufacturing employment (as a share

of total employment) falls by 50% over this period.

This evidence has signi�cant limitations. These patterns could be consistent, for example,

with any factor augmenting skill-biased demand shift in a closed economy. It would be helpful to

have somemore direct evidence. The authors turn to within-industry wagebill share regressions,

where the explanatory variables are, most importantly, a measure of outsourcing. Also included

are measures of capital/output (for cap-skill comp), log output (for scale e¤ects), pre-existing

trends, and skill upgrading in other countries within the same industry (a proxy for �global

SBTC�). The estimating equation is:

�Dt;j = �1�Outt;j + �2� ln (Kt;j=Yt;j) + �3� lnYt;j + �4Timet + et;j;

where outsourcing is de�ned as either d ln[imports / (imports + shipments)] or d ln[imported

intermediate inputs / imported intermediate inputs + shipments]. These models are run using

OLS and also instrumented with start of period variables proxying labor-intensity or high-

skill employment. Following trade opening, outsourcing growth should be relatively greater

in industries were initially more labor intensive and relatively smaller in industries that were

initially intensive in high-skill labor.
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OLS and IV estimates both suggest that industries that outsourced more had a greater

growth in skilled wage-bill shares. That IV estimates are larger than OLS estimates is somewhat

surprising. Simultaneity bias would generally be expected to lead to OLS estimates that are

smaller than IV estimates.

Figure 1 shows a striking rise in the �return to education�in Hong Kong after 1981. Should

we be surprised that the rise is not larger in manufacturing than in the aggregate economy?

Overall, this paper provides a number of pieces of indirect evidence suggesting that opening

of trade to China was responsible for the dramatic changes in skill mix (ratio of skilled to

unskilled labor in production within industries) and skill prices in the Hong Kong economy

from 1981 to 1996. No piece of this evidence is decisive. But the array of facts is very much

suggestive of the GE e¤ect of a type of trade-opening explanation that we normally only study

in blackboard exercises rather than in extant economies.

3 Technological Transition and Capital Skill Complementarity: Beaudry
and Green, AER 2003

The 2003 AER paper by Beaudry and Green o¤ers a subtle alternative explanation for the

divergent patterns of wage inequality in the U.S. and Germany over the past 20 years. (Recall

that in the U.S., there was a dramatic rise in wage inequality and a real fall in low-skilled

wages. In Germany, by contrast, there was a very modest increase in wage inequality and

across-the-board wage growth. Yet both countries had similar shifts in the supply of educated

workers and, presumably, had access to the same technologies).

It is far easier to understand the B&G model once you have mastered a little trade theory. I

therefore will not discuss the B&G paper until after the lecture on trade, technology and wages

(though substantively, this paper should come before).

� B&G envision two competing technologies (New and Old� or Modern and Traditional) in

use during a period of technological transition. Although these technologies have di¤erent

capital and skill demands, they must both provide identical returns to capital and skilled

and unskilled labor during the period of transition (if returns were not equated across

both �sectors,�one or the other technology would be instantaneously abandoned). What

is causing the transition between technologies? It is an exogenously increasing supply of
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skilled workers. The rise in skill abundance favors the New technology by reducing the

cost of this organizational form.

� What do B&G have in with the Old and New organizational forms? Presumably, some-

thing like what is described in the papers by Bresnahan, Brynjol¤son and Hitt (2002),

Bartel, Ann, Casey Ichniowski, and Kathryn Shaw (2004), or Autor, Levy and Murnane

(2003). Hence, you can view this article as spinning out one set of macro implications

of some careful micro observations. [The ALM article also o¤ers some macro implica-

tions, but they place far less structure on the aggregate data that does the B&G model.]

Generally, what most authors seem to have in mind is the movement from a �Fordist�or

�Taylorist�mode of production in which workers have narrow, repetitive jobs to a new

workplace organization that demands more �exibility, problem solving, and over-arching

understanding of the full production process (there is not really a comparable rubric

yet for this production mode). Incidentally, if you have not yet read Frederick W. Tay-

lor�s 1911 world-changing treatise, �The Principles of Scienti�c Management,� you are

overlooking an important piece of the history of the industrial era.

� The main abstraction in their paper is that there is only one good but two di¤erent

technologies (methods) for producing it: FO
�
KO; HO; LO

�
and FN

�
KN ; HN ; LN

�
; where

O and N denote the old and new technologies simultaneously, with outputs QO and QN .

� The assumption is that both technologies are simultaneously available and the economy

is operating �inside of the cone of diversi�cation�where both technologies are viable (at a

later time, the old technology might be totally dominated). Under this assumption, the

relationship between skill and wages depends only upon the aggregate supply of H;L;

and K; rather than directly on the share of each factor allocated to each method (sector).

This is because both sectors are price takers for all inputs. This is critical.

� The authors then make three key assumptions about the factor demands of the two

technologies. Here are the �rst two assumptions:

1. The New technology has greater capital-skill complementarity than the Old tech-
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nology. That is, at any given set of factor prices, the New technology will employ a

higher ratio of skilled to unskilled workers than the older technology:

HN
P

LNP
>
HO
P

LOP
and

KN
P

LNP
>
KO
P

LOP
:

Here, N and O refer to the new technology types and P refers to factor prices. It�s

probably easiest to think of these expressions as factor input choices selected on a

production isoquant at given prices.

2. The New technology is even more human capital demanding than it is physical

capital demanding.
HN
P

HO
P

>
KN
P

KO
P

>
LNP
LOP
:

That is, the New technology is more skill-biased than the old technology. What

this adds to the prior assumption is that higher human capital intensity is even

more pronounced in the New technology than is its higher physical capital intensity.

Thus, this technology emphasizes human capital even more than physical capital.

The thought experiment Beaudry-Green have in mind is one in which there is an exogenous

in�ux of skilled labor into this economy, corresponding to the experience of many advanced

economies in recent decades. They want to ask how this skill in�ux a¤ects the returns to skill

and the level of skilled and unskilled wages under the assumption that capital is not perfectly

elastically supplied.

Before getting to the main results, start with the following warm-up exercises. To �x ideas,

imagine a case where New uses only H and K and Old uses only L and K: The key assumption

again is that New is more capital intensive than Old. What happens in the following cases:

1. An exogenous increase in the relative supply of H holding total labor input constant: The

immediate e¤ect of this supply shift is to reduce the H wage due to diminishing marginal

returns. This raises the return to capital in the New sector. Capital therefore �ows to

the New sector, which expands. But since the New sector is more capital-intensive than

the Old sector, this causes capital starvation in both sectors. As a result, both H and L

wages fall. Notice that if the New sector were not more capital intensive than the Old,

18



then the expansion of the H sector would not cause capital starvation (assuming total

labor supply is constant).

2. An exogenous increase in the supply of K. This case is trivial. A rise in the capital

supply raises the marginal product of labor in both sectors. Because the New sector is

more capital intensive than the Old sector, it will expand relative to the Old sector. In

equilibrium, both sectors will be more capital intensive and wages of both H and L will

be higher.

Now that we are warmed up, let�s add the third assumption: The third assumption�

expressed as a possibility rather than an axiom� is that the New technology is more capital

e¢ cient than the old technology, meaning that per isovalue unit of output, it requires less

capital than the Old technology (although, recall, that is uses more capital per unit of skilled-

labor):

KN
P < K

O
P :

This essentially means that low-skilled are more dependent on capital than are high skilled.

Now let�s again how an increase in skilled labor intensity a¤ects wages. An exogenous

increase in the supply of skilled labor catalyzes a movement towards the New form of work

organization. This raises the return to skill and reduces the real wages of unskilled labor. The

reason (three steps):

1. The New form has greater capital-skill complementarity than the old form. Hence, an

increase in the skilled/unskilled ratio leads to increased capital scarcity in both sectors.

The reason is with capital �xed, both sectors must experience a decline in capital input

per unit of output as the capital-skill-intensive organizational form takes hold.

2. Both high and low-skilled workers are harmed by the capital shortage since we attend

to assume that capital is a q-complement to all labor types. But this capital shortage

is particularly harmful to the Old organizational form since it uses capital relatively less

e¢ ciently.
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3. Since low-skilled workers are overrepresented in the Old sector, the decline in productivity

falls harder on low than high skilled workers. Of course, low-skilled workers receive the

same wage in both sectors. So, this implies that the real marginal productivity and wage

of low-skilled workers declines economy-wide. This is easiest to see in a Lerner diagram,

which I will draw on the board.

An exception to this set of conclusions arises if the supply of capital is elastic (esp. perfectly

elastic). In that case, low-skilled workers are not harmed by the move to the New organizational

form because their capital stock is not diluted. This points to the most controversial claim in

the paper. Beaudry and Green argue that in Germany, the capital stock was not diluted while

in the US, it was. More speci�cally, they argue that there was a large increase in total labor

supply in the U.S. (what they call the �U.S. employment miracle�) without a corresponding

rise in the capital stock. In combination with the contemporaneous movement towards the

New technology, this development harmed low-skilled workers. In Germany, by contrast, there

was neither a large rise in the capital stock nor a large rise in labor supply. Hence, low-skilled

Germans did not su¤er the same fate as low-skilled Americans. What is left unexplained in this

story is why the U.S. would not experience an in�ux of capital given the growing supply of labor

(which, as a q-complement to capital, would have raised the return to capital investments).

Regardless of whether you believe the B&G paper, it presents an ingenious hypothesis that is

consistent with many key wage structure facts (except perhaps the capital dilution implication).

One interesting note is that this paper is applying a standard trade model with three factors

(capital and skilled and unskilled labor) and two sectors in which the economy is operating

in the �cone of diversi�cation�so that both sectors produce in equilibrium. If you know some

trade theory, this paper is probably easier to read and the model easier to visualize.

The theory also has one counterfactual (i.e., incorrect) implication that the authors do not

comment on (and perhaps do not notice). What does their model imply about how an increase

in the supply of skilled labor a¤ects skill intensity in both the New and Old sectors? How does

this comport with the evidence in Berman, Bound and Machin?
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4 Outsourcing: Is it just another name for trade?

Outsourcing has become a leading political issue in many advanced countries. Should it be a

leading economic issue as well? To answer this question, we need to de�ne outsourcing. There

is no agreed de�nition, but a non-controversial summary is that outsourcing is the process by

which subcomponents of a production process (�tasks�) are performed overseas, even while the

�nal good is produced domestically. To see why this de�nition is not especially robust, note

that many goods made in the U.S. use foreign components (intermediate inputs). So, one can

simply say that outsourcing is trade in intermediate inputs. If outsourcing is really something

di¤erent from that, it may be because it entails a �ner international division of labor than

typical trade in goods. Firms can potentially outsource very narrow production activities to

other nations where these tasks are performed in close coordination with U.S. workers. Thus,

one can view the production process as being geographically dispersed but otherwise tightly

coupled.

There is a limited supply of useful empirical and theoretical work on outsourcing to date,

though this is changing. The 2004 JEP article by Bagwati et al. is a helpful contribution in that

clears up some of the confusion (�muddles�) about what outsourcing is or is not, and attempts to

answer the question of whether the outsourcing phenomenon requires a fundamentally new set

of conceptual models to make it interpretable. The argument of the article is that outsourcing

is simply international trade, and that it can be modeled using standard tools as a reduction

in trading costs for some subset of factors. While the article is helpful, it is possible that the

�nothing new under the sun�view is overblown. The examples that the paper considers do not

really capture the idea of a ��ner�international division of labor rather than simply a reduction

in trading costs or opening to trade for some existing factor.

The 2008 AER paper by Gross and Rossi-Hansberg o¤ers a model that is somewhat more

closely attuned to the phenomenon of outsourcing as many lay people and some economists

perceive it. In the model, workers of two types, H and L; each perform a continuum of �tasks,�

some of which are more suitable for outsourcing than others. Their model explores what

happens when the cost of outsourcing tasks declines, leading to an increase in the extent of

task outsourcing among one or both skill groups, though not a complete elimination of tasks
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performed by either skill group. This model should not be viewed as the last word on its

topic (closer to the �rst). There are some key assumptions� not all of them transparent�

that make this model tick. One feature that makes it potentially controversial is that embeds a

Riccardian (comparative advantage) framework inside of a standard Hecksher-Ohlin framework.

This makes the model a bit complicated and fairly non-standard. Whether this approach will

prove to be a useful conceptual advance is not yet certain.

4.1 Model setup

Firms in the Home country produce two goods, X and Y; where X is relatively skill-intensive.

There are two factors of production modeled (though others can be viewed as operating in

the background), H labor, which performs H tasks; and L labor which performs L tasks.

Production of each good requires a continuum of L and a continuum of H tasks. The measure

of tasks of each type used in production of each good is normalized to 1: Each task within a

continuum, uses the same amount of the relevant type of labor if performed at home. That is,

if L-tasks i and i0 are undertaken at home in the course of producing good j, then �rms use

the same amount of domestic low-skilled labor to perform task i as they do to perform task

i0. (This normalization is probably harmless since tasks could be made �wider�or �narrower�to

guarantee that this condition holds.) If industries di¤er in their factor intensities, then it will

be the case that they di¤er in the amount of L or H labor used to perform all tasks in the L

or H continuum.

A key implicit assumption is that there is no substitution between tasks. Started more

strongly, all tasks in a continuum are perfect complements since all must be performed for

production to take place� so, each task must be performed at �xed intensity to produce a unit

of output. This observation immediately implies that forces that reduce the cost of performing

some subset of tasks within a continuum will, all else equal, raise demand for the other tasks

in that continuum. (Thus, this is the point in the model where the rabbit goes into the hat.)

Speci�cally, in industry j; a �rm needs afj units of domestic factor f to perform a typical

f task once. Since the measure of f tasks is normalized to one, this means that afj is the total

amount of domestic factor f needed to produce a unit of good j in the absence of o¤shoring.
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The fact that X is relatively skill intensive implies that:

aHx
aLx

>
aHy
aLy

:

O¤shoring takes a very simple form. Firms can undertake tasks at home or abroad. It

is assumed (reasonably) that tasks that are more �routine� or �rules-based� are easier (less

costly) to o¤shore. GRH assume initially that only L tasks may be o¤shored, though the

entire analysis carries through in parallel for H tasks. Order the L tasks in an industry by

i 2 [0; 1] so that the cost of o¤shoring is non-decreasing in i. One way to model this is that

the unit labor requirements for tasks performed abroad are greater than or equal to unit labor

requirements for tasks performed at home. In particular, if task i requires aLj units of labor if

performed domestically, it requires aLj�tj (i) units of foreign labor where � is a shift parameter

and �tj (i) � 1 for all i and j and t0 (i) > 0 (making this inequality strict simpli�es things

considerably).

A key modeling choice is to ask which industry, X or Y , �nds o¤shoring less costly? GRH

start from the logical baseline that the costs of o¤shoring are common for a given factor

regardless of where it is employed. Thus both X and Y face identical outsourcing costs:

tX (i) = tY (i) = t (i). Substantively, this is equivalent to assuming that the unskilled tasks in

X are no more skill-intensive than the unskilled tasks in Y . This may not be a good assump-

tion, but it is probably a good place to start. When you draw the Lerner diagrams implied

by this paper (the paper does not provide diagrams), you will see how the combination of

perfect complementarity between tasks performed by a skill group within an industry and equi-

proportionate declines in the cost of o¤shoring tasks by a skill group between industries leads

to a familiar theoretical case, though arrived at by di¤erent means.

It is further assumed that aLj and aHj; the task �intensities,� are endogenously chosen

to minimize �rms� costs of production given the constraint that the chosen combination of

intensities yields a unit of output.

Let w and w� be the home and foreign wage, respectively, of L workers. Suppose that

w > �t (0)w�;

so that it is pro�table to outsource some L tasks.
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Let I index the marginal task performed at home, so that:

w = �t (I)w�:

If goods are produced competitively, price must equal input costs, so:

pj � waLj (�) (1� I) + w�aLj (�)
Z I

0

�t (i) di+ saHj (�) + :::; for j = x; y:

Here, s is the wage of H labor and the notation aLj (�) and aHj (�) is meant to stress the

dependence of the a0s on market conditions and technology so that these values are optimally

chosen. This expression can be usefully rewritten as:

pj � waLj (�) 
 (I) + saHj (�) + :::; for j = x; y;

where 
 (I) = 1� I +
R I
0
t (i) di

t (I)
:

This expression is important because it expresses total labor costs for L tasks in relation to the

cost of performing all tasks domestically.

� In particular, waLj (1� I) is the actual domestic labor cost

� The average foreign labor cost is w�aLj�
R I
0
t (i) di:

� Substituting w = �t (I)w�; the foreign labor cost is

waLj

�R I
0
t (i) di

�
t (I)

:

� Thus, total labor cost is:

waLj

 
1� I +

R I
0
t (i) di

t (I)

!
:

� Logically, 
 (I) < 1, which can be seen from the fact that t (i) =t (I) < 1 for i < I

(thus the integral of t (i) =t (I) over [0; I] is less than I). Notice that � does not directly

enter the expression for 
 (�) ; but it enters implicitly since I depends upon � (generally

@I=@� < 0).
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� Market clearing in the market for L and H implies that

aLxX + aLyY =
L

1� I ;

aHxX + aHyY = H:

Thus, an increase in outsourcing I also has the e¤ect of increasing domestic labor supply

of L by the factor 1= (1� I).

Assume that households have identical, homothetic preferences in all countries, and take

the high skilled good X as the numeraire good, so px = 1, and p = py=px = py: If the home

country is small, p may be taken as parametric, otherwise not.

4.2 Comparative statics

Taking 
; p and I as exogenous for the moment, one can totally di¤erentiate the equilibrium

conditions to obtain an expression for the log change in the wage of low-skilled labor. In

particular, let�s assume that there are only two factors and two sectors and both sectors are

active (so we are in the cone of diversi�cation). In this case, the four equilibrium equations are:

p = waLy (�) 
 (I) + saHy (�)

1 = waLx (�) 
 (I) + saHx (�)

L = (1� I) aLxX + (1� I) aLyY

H = aHxX + aHyY:

The log change in w is equal to:

ŵ = �
̂ + �1p̂+ �2
dI

1� I ; (5)

where �1 are the terms multiplying the price change and �2 are the terms multiplying the labor

supply term. This expression shows three separate channels by which outsourcing may impact

the low-skilled wage.
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4.2.1 Productivity effect

Consider the �rst term:


 (I) = 1� I +
R I
0
t (i) di

t (I)

d
 (I)

dI
= �1 + @t (I)

�1

@I
�
Z I

0

t (i) di+ t (I)�1 � @

@I

Z I

0

t (i) di

= �1� t0 (I)

t (I)2
�
Z I

0

t (i) di+ 1

= �
R I
0
t (i) di

t (I)2
t0 (I) < 0

It must be the case that @I=@� < 0, that is a fall in the costs of outsourcing raises the

extent of outsourcing: @
=@� > 0. But if outsourcing rises, 
̂ < 0, then the �rst term of (5)

implies that the low-skilled wage rises. Why? It�s easiest to see by assuming that prices are

exogenous, so the only moving part is 
 and hence dp = 0. Rewrite the two price as equations

p = waLy (
w=s) 
 (I) + saHy (
w=s) :

1 = waLx (
w=s) 
 (I) + saHx (
w=s) :

Here the parenthetical (
w=s) terms on the input coe¢ cients are intended to stress the depen-

dence of the a0s on relative wages. If prices are parametric, then dp = 0: Also, we can use the

envelope theorem to approximate @a (w=s) =@w � 0:

dp = 0 = aLy (
w=s) 
dw + aLy (
w=s)wd


0 = aLx (
w=s) 
dw + aLx (
w=s)wd


dw � 
 [aLy � aLx] + d
 � w [aLy � aLy] = 0

dw

w
= �d





@ lnw = �@ ln


ŵ = �
̂:
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We can get a little more information by using the fact that

w = w��t (I) ;

ŵ = �̂ + t̂ (I) ;

�
̂ = �̂ + t̂ (I) =
d�

�
+
t0 (I)

t (I)
:

Rewriting:
dw

w
=
dw��t (I)

w��t (I)
=
w�t (I) d� + w��t0 (I) dI

w��t (I)
=
d�

�
+
t0 (I)

t (I)

@I

@�

Now, we substitute vigorously to get an expression for t0 (I) =t (I):

dw

w
= �d




=

R I
0 t(i)di

t(I)2
t0 (I) dI

d�


R I
0 t(i)di

t(I)2
t0 (I) @I

@�



=

w�t (I) d� + w��t0 (I) @I
@�

w��t (I)R I
0 t(i)di

t(I)2
t0 (I) @I

@�



=

d�

�
+
t0 (I)

I

@I

@�

t0 (I)

I

@I

@�

0@ R I
0 t(i)di

t(I)
� 





1A =
d�

�

t0 (I)

I

@I

@�
=

d�

�

0@ 
R I
0 t(i)di

t(I)
� 


1A :
Now substitute for dw=w:

dw

w
=

t0 (I)

I

@I

@�
+
d�

�
) dw

w
=
d�

�

0@ 
R I
0 t(i)di

t(I)
� 


+ 1

1A
dw

w
=

d�

�

0B@
R I
0 t(i)di

t(I)R I
0 t(i)di

t(I)
�
h
1� I +

R I
0 t(i)di

t(I)

i
1CA

dw

w
= �d�

�

 R I
0
t (i) di

(1� I) t (I)

!

ŵ = ��̂
 R I

0
t (i) di

(I � 1) t (I)

!
= �
̂:
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So, the bottom line here is

ŵ = ��̂
 R I

0
t (i) di

(I � 1) t (I)

!
= �
̂:

Since �̂ < 0 implies that outsourcing costs fall, we see that the wage e¤ect is strictly positive.

This is easiest to see in a Lerner diagram. The reduction in the cost of performing L

tasks on the interval 0 through I is a like a factor augmenting technical change that raises

the productivity of L labor in both sectors. However, the extent of savings is larger in the Y

sector, meaning that the cost of producing Y falls by more. Thus, both sectors become more H

intensive, and the relative wage ratio must shift favorably towards L so that the relative cost

of producing a bundle of X and Y is unchanged (otherwise, they cannot both be produced). L

labor will be freed from both sectors, and this can be accommodate by an expansion of the L

intensive sector.

4.2.2 Terms of trade and labor supply effects

If prices were parametric, this would be the end of the discussion. But if the home country is

large, or if the fall in � is not unilateral (so multiple countries experienced a fall in outsourcing

costs at once), then there would also be an output expansion e¤ect, leading to an adverse terms

of trade e¤ect. The price of Y would fall as relative supply increased, and this would reduce

the unskilled wage through the standard Stolper-Samuelson channel. This is the �1p̂ term in

the above equation. These two terms (productivity gain, terms of trade) would be present

in any standard two-by-two trade environment where a factor augmenting technical change

di¤erentially raised the productivity of the L factor.

The peculiar nature of outsourcing creates a third e¤ect. In addition to the employment

reallocation that results from the rise in w (due to increased L productivity), there is a me-

chanical e¤ect coming from direct labor displacement (seen in dI= (1� I). This is not present

in a standard factor-augmentation case. It is as if outsourcing is a �machine�that increases the

productivity of a subset 1 � I workers while directly displacing the other I workers. Clearly,

the term �2dI= (1� I) must also be negative.

Thus, a reduction in � that raises I can have a net negative or positive e¤ect on the L wage.

This e¤ect will be positive in the case where a small open economy experiences a unilateral
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reduction in its outsourcing costs. Obviously, such a case is highly stylized, and it is exactly

this type of conceptual exercise that is critiqued by Krugman in 2000 (though Grossman and

Rossi-Hansberg are sensitive to this criticism and acknowledge that this case is not realistic).

Meanwhile, for H labor, the log wage change equation can be written:

ŝ = ��3p̂+ �4
dI

1� I :

There is no direct factor-augmentation e¤ect here (
̂). The price e¤ect will have opposite sign

for H than L labor in the two-by-two case. The labor supply e¤ect will generally be positive

for the H wage due to standard q-complementarity e¤ects.

4.3 More realistic cases

The paper discusses numerous extensions that expand from this narrow special case.

� So far, the paper assumes that the extent of outsourcing is identical in X and Y: It should

be apparent that, holding p constant, if outsourcing possibilities increase di¤erentially in

Y , this is better for the wages of L and if they increase di¤erentially in X, this is better

for the wages of H: Draw the Lerner diagram and you will see why.

� It should also be clear that once we leave the small country case, an expansion in Out-

sourcing will have an adverse relative price e¤ect on p; which (all else equal) will lower

w. This works to the bene�t of S and against w: It�s possible, however, for both H and

L to gain if the price e¤ect does not swamp the productivity e¤ect.

� The labor supply e¤ect is implicitly included in p̂ in most cases since domestic factor

supplies do not impact relative wages within the cone of diversi�cation except inasmuch

as they change world relative output. Thus, the labor supply e¤ect becomes relevant

when L is additionally used in a non-traded activity. In this case, the labor-supply e¤ect

of an increase in outsourcing works to the bene�t of H and against L.

� All results hold in mirror image for a case in which o¤shoring of high skill tasks becomes

feasible or increases. One interesting addendum here is that it is reasonable to assume

(if we are thinking about industrial economies) that Home is relatively skill intensive
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relative to the rest of the world. Thus, even an uniform rise in outsourcing of H and

L tasks di¤erentially increases output of the X good (since this is the good in which

Home is specialized). This means that potentially both H and L can gain from increased

productivity, but the terms of trade e¤ect will augment the bene�ts for L and reduce the

bene�ts for H:

4.4 Conclusions from Grossman/Rossi-Hansberg

Whether or not you �nd this paper persuasive, you should certainly understand the conceptual

mechanism. Among the paper�s virtues is that the conceptual model is able to nest a large

number of interesting cases in a relatively parsimonious form. The trick here is the paper�s

integration of Riccardian and Hecksher-Ohlin frameworks, which allows considerable �exibility,

though at the cost of some transparency.

A central, under-examined, assumption of the paper is that all L tasks within an industry

are complementary, and similarly for H tasks. At some level, this assumption seems right:

senior programmers at IBM still need to architect the software that WiPro coders develop in

Bangalore; physically present customer service representatives still need to sell mobile phones

at the local Verizon store, even if the tech support is done from the Philippines. Thus, so long

as some tasks need to be performed at Home, there is a fundamental complementarity between

domestic and o¤shored tasks.

However, one may legitimately ask if the tasks �left behind�tend to favor a particular �skill

group�within the distribution of H or L workers. One might loosely suspect that the low-skill

tasks within the set of H tasks and the high-skill tasks within the set of L tasks are o¤shored

(i.e., low-level programmers and moderately-skilled customer support positions are outsourced;

high-level programmers and low-skill in-person sales agents are retained). This observation

would be in the spirit of the ALM task framework, which suggests that it is �routine�tasks that

are increasingly subject to automation and o¤shoring (with routine tasks typically performed by

the least educated among the highly educated and the most educated among the low educated).

If correct, this observation suggests that it may not be innocuous to assume, as in GRH, that

workers within a skill group H and L are homogenous. In particular, the L workers displaced
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by o¤shoring may be harmed if relegated to performing the remaining L tasks (if these are

particularly low-skill tasks), and the H workers displaced may be harmed if they are relegated

to performing the remainingH tasks (if these are particularly high-skill tasks). This observation

woul dimply a model with a larger number of skill types, or one in which there are only two

skill types but that members of each type have heterogeneous abilities in various tasks. Such

a model would be more complicated to write. But one should bear in mind Einstein�s razor

(a contrast to Occam�s razor), �Everything should be made as simple as possible, but not

simpler.�1

1The actual quotation from Einstein�s 1933 Herbert Spencer Lecture is, �It can scarcely be denied that the
supreme goal of all theory is to make the irreducible basic elements as simple and as few as possible without
having to surrender the adequate representation of a single datum of experience.�
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