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3.1. The simple theory of the canonical model

Two skills, high and low.
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High and low skill workers are imperfect substitutes in production.

Let L denote the set of low skill workers and H denote the set of
high skill workers.

i ∈ L has Ii efficiency units of low skill labor and each high skill
worker
i ∈ H has hi units of high skill labor.

All workers supply their efficiency unites inelastically.

L =
∫
i∈L

lidi and H =
∫
i∈H

hidi .
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Production function

Y =
[
(ALL)

σ−1
σ + (AHH)

σ−1
σ

] σ
σ−1

, (1)

σ ∈ [0,∞) is the elasticity of substitution
AL and AH are factor-augmenting technology terms.
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The production function (1) admits three different interpretations.

1 There is only one good, and high skill and low skill workers are
imperfect substitutes in the production of this good.

2 The production function (1) is also equivalent to an economy

where consumers have utility function [Y
σ−1

σ
l + Y

σ−1
σ

h ]
σ

σ−1

defined over two goods. Good Yh is produced using only high
skill workers, and Yl is produced using only low skill workers,
with production functions Yh = AHH , and Yl = ALL.

3 A mixture of the above two whereby different sectors produce
goods that are imperfect substitutes, and high and low
education workers are employed in both sectors.
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wL =
∂Y

∂L
= A

σ−1
σ

L

[
A

σ−1
σ

L + A
σ−1

σ
H (H/L)

σ−1
σ

] 1
σ−1

. (2)

earnings of worker i ∈ L:

Wi = wLli .

Acemoglu-Autor TECHNICAL EXTRACT



There are two important implications of Eq. (2):

1 ∂wL/∂H/L > 0

2 ∂wL/∂AL > 0 and ∂wL/∂AH > 0, that is, either kind of
factor-augmenting technical change increases wages of low skill
workers (except in the limit case where σ = ∞, the second
inequality is weak).

High skill unit wage:

wH =
∂Y

∂H
= A

σ−1
σ

H

[
A

σ−1
σ

L (H/L)−
σ−1

σ + A
σ−1

σ
H

] 1
σ−1

. (3)
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Two Implications

1 ∂wH/∂H/L < 0

2 ∂wH/∂AL > 0 and ∂wH/∂AH > 0, so that technological
progress of any kind increases high skill (as well as low skill)
wages.

the earnings of worker i ∈ H is simply

Wi = wLhi .
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The skill premium:

ω =
ωH

ωL
=

(
AH

AL

) σ−1
σ

(
H

L

)− 1
σ

. (4)

Taking logs:

lnω =
σ − 1

σ
ln

(
AH

AL

) σ−1
σ

(
H

L

)− 1
σ

. (5)

∂ lnω

∂ ln(H/L)
= − 1

σ
< 0. (6)

Most estimates put σ in this context to be somewhere between 1.4
and 2 (Johnson, 1970; Freeman, 1986; Heckman et al. , 1998).
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3.2. Tinbergen’s education race to the data

ln

(
AH,t

AL,t

)
= γ0 + γ1t, (7)

lnωt =
σ − 1

σ
γ0 +

σ − 1

σ
γ1t −

1

σ
ln

(
Ht

Lt

)
. (8)
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3.3. Changes in the US earnings distribution through the lens of the
canonical model

lnωt = constant +0.027× t −0.612 · ln
(
Ht
Lt

)
. Katz-Murphy Regression

(0.005) (0.128)

σ̂ = 1/0.61 ≈ 1.6

Acemoglu-Autor TECHNICAL EXTRACT



Table 8. Regression models for the college/high school log wage gap,
1963-2008.

Acemoglu-Autor TECHNICAL EXTRACT



Thus, taken at face value, this model suggests that relative demand
for college workers decelerated in the 1990s, which “does not accord
with common intuitions” regarding the nature or pace of
technological changes occurring in this era. We return to this point
below.
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These facts may better accord with a simple extension to the
canonical model. To the extent that workers with similar education
but different ages or experience levels are imperfect substitutes in
production, one would expect age-group or cohort-specific relative
skill supplies–as well as aggregate relative skill supplies–to affect the
evolution of the college/high school premium by age or experience,
as emphasized by Card and Lemieux (2001b).
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We take fuller account of these differing trends by experience group
in Table 9 by estimating regression models for the college wage by
experience group.

Specifically, we estimate:

lnωjt =β0 + β1

[
ln

(
Hjt

Ljt

)
− ln

(
Ht

Lt

)]
+ β2 ln

(
Ht

Lt

)
+ β3 × t + β4 × t2 + δj + njt ,

j indexes experience groups, δj is a set of experience group main
effects, and we include a quadratic time trend.
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Figure 21
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Table 9. Regression models for the college/high school log wage gap by
potential experience group, 1963-2008.
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Table 9

The implied value of the partial elasticity of substitution between
experience group is around 3.7.
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3.4. Overall inequality in the canonical model
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Within group inequality is invariant to skill prices and thus changes
in overall inequality in this model will closely mimic changes in the
skill premium.

Wi

Wi ′
=

wLli
wLli ′

=
li
li ′

for i , i ′ ∈ L.

Significant within group wage inequality, but inequality will be
independent of the skill premium.
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To make within group inequality responsive to the wage premium

Assume that the two observable groups are college and non-college

fraction of ϕc college graduates are high skill

fraction of ϕn < ϕc non-college graduates are high skill

skill premium by ω = wH/wL

college wages, wC : non-college, wN ,

ωc =
wC

wN
=

ϕcwH + (1− ϕc)wL

ϕnwH + (1− ϕn)wL
=

ϕcω + (1− ϕc)

ϕnω + (1− ϕn)
.

Like Gorman-Lancaster Model
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Because ϕn < ϕc in ω, when the true price of skill increases, the
observed college premium will also arise.

Trivially explains wage inequality within groups as a function of skill
promotion.
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3.6. Summary of Canonical Model

1 Changes in the wage structure are linked to changes in
factor-augmenting technologies and relative supplies.

2 Overall inequality rises in tandem with the skill premium (as
within group inequality is either invariant when the skill
premium changes or co-moves with the skill premium).

3 The economy-wide average wage and the real wage of each skill
group should increase over time as a result of technological
progress, particularly if the supply of high skill labor is
increasing.

4 The rate and direction of technological change do not respond
to the relative abundance or scarcity of skill groups.
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Problems with the Canonical Model

1 It does not provide a natural reason for why certain groups of
workers would experience real earnings declines, yet this
phenomenon has been quite pronounced among less-educated
workers, particularly less-educated males, during the last three
decades. [AA ignore quality effects for low-skilled workers]

2 It does not provide a framework for the analysis of polarization
in the earnings distribution, which they document, and
relatedly, it does not easily account for differential changes in
inequality in different parts of the skill distribution during
different periods (decades).
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3 Because the model does not distinguish between skills and
tasks (or occupations), it does not provide insights into the
systematic changes observed in the composition of employment
by occupation in the United States and in other advanced
economies–in particular, the disproportionate growth of
employment in both high education, high wage occupations
and, simultaneously, low education, low wage service
occupations (i.e., employment polarization).

4 The model is also silent on the question of why the allocation
of skill groups across occupations has substantially shifted in
the last two decades, with a rising share of middle educated
workers employed in traditionally low education services, or why
the importance of occupations as predictors of earnings may
have increased over time.
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5 Because it incorporates technical change in a factor-augmenting
form, it does not provide a natural framework for the study of
how new technologies, including computers and robotics, might
substitute for or replace workers in certain occupations or tasks.

6 Because it treats technical change as exogenous, it is also silent
on how technology might respond to changes in labor market
conditions and in particular to changes in supplies.

7 Finally, the canonical model does not provide a framework for
an analysis of how recent trends in offshoring and outsourcing
may influence the labor market and the structure of inequality
(beyond the standard results on the effect of trade on inequality
through its factor content).
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4. A Ricardian Model Of The Labormarket: Skills and Tasks

Skills: a worker’s endowment of capabilities for performing various
tasks.

This endowment is a stock, which may be either exogenously given
or acquired through schooling and other investments.

Workers apply their skill endowments to tasks in exchange for wages.
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The distinction between skills and tasks becomes relevant, in fact
central, when workers of a given skill level can potentially perform a
variety of tasks and, moreover, can change the set of tasks that they
perform in response to changes in supplies or technology.
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1 Such a model should allow an explicit distinction between skills
and tasks, and allow for general technologies in which tasks can
be performed by different types of skills, by machines, or by
workers in other countries (“offshored”). This will enable the
model to allow for certain tasks to be become mechanized (as
in Autor et al., 2003) or alternatively produced internationally.

2 To understand how different technologies may affect skill
demands, earnings, and the assignment (or reassignment) of
skills to tasks, it should allow for comparative advantage among
workers in performing different tasks.
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3 To enable a study of polarization and changes in different parts
of the earnings distribution during different periods, it should
incorporate at least three different skill groups.

4 As with the canonical model, the task-based approach should
give rise to a well-defined set of skill demands, with downward
sloping relative demand curves for skills (for a given set of
technologies) and conventional substitutability and
complementarity properties among skill groups.
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4.1. Environment

We consider a static environment with a unique final good.

No trade in tasks (a possibility we allow for later).

The unique final good is produced by combining a continuum of
tasks represented by the unit interval, [0, 1].

Y = exp

[∫ 1

0
ln y(i)di

]
(9)

Y denotes the output of a unique final good
y(i) as the “service” of production level of task i .
Price of the final good is the numeraire.
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There are three factors of production, high, medium and low skilled
workers.

L, M , and H

Workers homogeneous within the groups.
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Each task i has the following production function:

y(i) = ALαL(i)l(i)+AMαM(i)m(i)+AHαH(i)h(i)+AKαK (i)k(i)
(10)

A terms represent factor-augmenting technology. (Assumed uniform
across the i .)

αL(i), αM(i), and αH(i) are the task productivity schedules,
designating the productivity of low, medium, and high skill workers
in different tasks.

comparative advantage of skills groups differ across tasks, as
captured by the α terms.
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Assumption 1. αL(i)/αM(i) and αM(i)/αH(i) are continuously
differentiable and strictly decreasing in i .
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Factor market clearing requires∫ 1

0
l(i)di ≤ L,

∫ 1

0
m(i)di ≤ M and

∫ 1

0
h(i)di ≤ H . (11)

When we introduce capital, we will assume that it is available at
some constant price r .
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4.2. Equilibrium without machines

Ignore capital (equivalently, αK (·) ≡ 0).
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Allocation of skills to tasks

Lemma 1. In any equilibrium there exist IL and IH such that
0 < IL < IH < 1 and for any i < IL, m(i) = h(i) = 0, for any
i ∈ (IL, IH), l(i) = h(i) = 0, and for any i > IH , l(i) = m(i) = 0.
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The law of one price for skills

Let p(i) denote the price of services of task i .

exp

[∫ 1

0
ln p(i)di

]
= 1 because final good is numeraire

To determine p(i):

wL = p(i)ALαL(i) for any i < IL.

wM = p(i)AMαM(i) for any IL < i < IH .

wH = p(i)AHαH(i) for any i > IH .

Observe that wL is set by market forces
(multipliers on aggregate constraints in social planner’s problem)
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p(i)αL(i) = p(i ′)αL(i
′) ≡ PL, (12)

i , i ′ < IL

PL is the price “index” of tasks performed by low skill workers.

This price is endogenous not only because of the usual
supply-demand reasons, but also because the set of tasks performed
by low skill workers is endogenously determined.

Similarly, for medium skill workers, i.e., for any IH > i , i ′ > IL, we
have

p(i)αM(i) = p(i ′)αM(i ′) ≡ PM , (13)

and for high skill workers and any i , i ′ < IH ,

p(i)αH(i) = p(i ′)αH(i
′) ≡ PH . (14)
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The Cobb-Douglas technology (the unitary elasticity of substitution
between tasks) in (9) implies that expenditure across all tasks
should be equalized.
The first-order conditions for cost minimization in the production of
the final good imply that p(i)y(i) = p(i ′)y(i ′) for any i , i ′

p(i)y(i) = Y , for any i ∈ [0, 1]. (15)
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Consider two tasks i , i ′ < IL

p(i)αL(i)l(i) = p(i ′)αL(i
′)l(i ′).

but from (12) it follows that

l(i) = l(i ′)

l(i) =
L

IL
for any i < IL. (16)

m(i) =
M

IH − IL
for any IH > i > IL. (17)

h(i) =
H

1− IH
for any i > IH . (18)
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Compare two tasks performed by high and medium skill workers
(IL < i < IH < i ′)

From Eq. (15) that p(i)AMαM(i)m(i) = p(i ′)AHαH(i
′)h(i ′)

Using (12) and (13), we have

PMAMM

IH − IL
=

PHAHH

1− IH
,

or

PH

PM
=

(
AHH

1− IH

)−1 ( AMM

IH − IL

)
. (19)

Similarly, comparing two tasks performed by medium and high skill
workers, we obtain

PM

PL
=

(
AMM

IH − IL

)−1 (ALL

IL

)
. (20)
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No arbitrage across skills

AMαM(IH)M

IH − IL
=

AHαH(IH)H

1− IH
. (21)

ALαL(IL)L

IL
=

AMαM(IL)M

IH − IL
. (22)
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Equilibrium wages and inequality

wL = PLAL. (23)
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wH

wM
=

PHAH

PMAM
.

wH

wM
=

(
1− IH
IH − IL

)(
H

M

)−1

. (24)

wM

wL
=

(
IH − IL

IL

)(
M

L

)−1

. (25)

Acemoglu-Autor TECHNICAL EXTRACT



These equations, together with the choice of the numeraire,∫ 1
0 ln p(i)di = 0, fully characterize the equilibrium.

We can write the last equilibrium condition as

∫ IL

0
(lnPL − ln αL(i))di +

∫ IH

IL
(lnPM − ln αM(i))di

+
∫ 1

IH
(lnPH − ln αH(i))di = 0. (26)

Equations (24) and (25) give the relative wages of high to medium
and medium to low skill workers. To obtain the wage level for any
one of these three groups, we need to use the price normalization in
(26) together with (19) and (20) to solve out for one of the price
indices, for example, PL, and then (23) will give wL and the levels of
wM and wH can be readily obtained from (24) and (25).
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4.2.1. Summary of equilibrium

Proposition 1. There exists a unique equilibrium summarized by
(IL, IH ,PL,PM ,PH ,wL,wM ,wH) given by Eqs (19)-(26).

The only part of this proposition that requires proof is the claim
that equilibrium is unique (the rest of it follows from the explicit
construction of the equilibrium preceding the proposition). This can
be seen by noting that in fact the equilibrium is considerably easier
to characterize than it first appears, because it has a block recursive
structure. In particular, we can first use (21) and (22) to determine
IL and IH . Given these we can then compute relative wages from
(24) and (25). Finally, to compute wage and price levels, we can use
(19), (20), (23) and (26).
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In particular, we write (21) as follows:

1− IH
IH − IL

αM(IH)

αH(IH)
=

AHH

AMM
. (27)

Similarly, we rewrite (22) as:

IH − IL
IL

αL(IH)

αM(IH)
=

AMM

ALL

for given IH , and this expression has the same relative effective
demand and supply interpretation. Since αL(IH)/αM(IH) is strictly
decreasing again from Assumption 1, the left-hand side traces a
downward sloping curve as a function of IL (for given IH) and is
shown as the inner (on the left) curve in Fig. 23.
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4.4. Comparative statics

Take logs in Eq. (21) and (22) to obtain slightly simpler expressions:

lnAM − lnAH + βH(IH)+ lnM− lnH− ln(IH − IL)+ ln(1− IH) = 0,
(28)

and

lnAL − lnAM + βL(IL) + ln L− lnM − ln(IH − IL) + ln(IL) = 0,
(29)

βH(I ) ≡ ln αM(I )− ln αH(I ) and βL(I ) ≡ ln αL(I )− ln αM(I ),
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Basic comparative statics
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We obtain:

 β′
H (IH )−

1
IH−IL

− 1
1−IH

1
IH−IL

1
IH−IL

β′
L(IL)−

1
IH−IL

− 1
IL

(
dIH
dIL

)
=

(
1
0

)
d lnAH .

∆ =

(
β′
H(IH)−

1

1− IH

)(
β′
L(IL)−

1

IL

)
+

1

IH − IL

(
1

IL
+

1

1− IH
− β′

L(IL)− β′
H(IH)

)
.
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dIH
d lnAH

=
β′
L(IL)−

1
IH−IL

− 1
IL

∆
< 0 and

dIL
d lnAH

=
− 1

IH−IL

∆
< 0,

d(IH − IL)

d lnAH
=

β′
L(IL)−

1
IL

∆
< 0

Using these expressions, we can obtain comparative statics for how
relative wages by skill group change when there is high skill biased
technical change. A similar exercise can be performed for low and
medium skill biased technical change. The next proposition
summarizes the main results.
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Proposition 2. The following comparative static results apply:

1. (The response of task allocation to technology and skill supplies):

dIH
d lnAH

=
dIH

d lnH
< 0,

dIL
d lnAH

=
dIL

d lnAH
< 0

and
d(IH − IL)

d lnAH
=

d(IH − IL)

d lnH
< 0;

dIH
d lnAL

=
dIH
d ln L

> 0,
dIL

d lnAL
=

dIL
d ln L

> 0

and
d(IH − IL)

d lnAL
=

d(IH − IL)

d ln L
< 0;

dIH
d lnAM

=
dIH

d lnM
> 0;

dIL
d lnAM

=
dIL

d lnM
< 0

and
d(IH − IL)

d lnAM
=

d(IH − IL)

d lnM
> 0.
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2. (The response of relative wages to skill supplies):

d ln(ωH/ωL)

d lnH
< 0,

d ln(ωH/ωM)

d lnH
< 0,

d ln(ωH/ωL)

d ln L
> 0,

d ln(ωM/ωL)

d ln L
> 0,

d ln(ωH/ωM)

d lnM
> 0, and

d ln(ωH/ωL)

d lnM
⪋ if and only if |β′

L(IL)IL| ⪋ |β′
H(IH)(1− IH)|.
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3. (The response of wages to factor-augmenting technologies):

d ln(ωH/ωL)

d lnAH
> 0,

d ln(ωM/ωL)

d lnAH
< 0,

d ln(ωH/ωM)

d lnAH
> 0;

d ln(ωH/ωL)

d lnAL
< 0,

d ln(ωM/ωL)

d lnAL
< 0,

d ln(ωH/ωM)

d lnAL
> 0;

d ln(ωH/ωL)

d lnAM
⪋ 0 if and only if |β′

L(IL)IL| ⪋ |β′
H(IH)(1− 1H)|.
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The new result here concerns the impact of an increase in M on
wH/wL. We have seen that such an increase raises IH and reduces
IL, expanding the set of tasks performed by medium skill workers at
the expense of both low and high skill workers. This will put
downward pressure on the wages of both low and high skill workers,
and the impact on the relative wage, wH/wL, is ambiguous for
reasons we will encounter again below. In particular, it will depend
on the form of the comparative advantage schedules in the
neighborhood of IL and IH .
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Third, the results summarized in Part 3 of the proposition, linking
wages to technologies, are also intuitive.
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The implications of medium skill biased technical changes are
distinct from the canonical case. Medium skill biased technical
changes have a direct effect on both high skill and low skill workers.

Consequently, the behavior of wH/wL is ambiguous. Similarly to
how an increase in M affects wH/wL, the impact of a rise in AM on
wH/wL depends on the exact form of the comparative advantage
schedules.

Depending on which set of tasks expands (contracts) more, wages
of the relevant group increase (decrease).
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Wage effects

To see how high skill biased technical chance, i.e.m an increase in AH ,
can reduce medium skill wages more explicitly, let us work through a
simple example.

Return to the special case discussed above where the task productivity
schedule for the low skill workers is given by (31), implying that IL = ĨL.

Suppose also that βH(i) ≡ ln αM(i)− ln αH(i) is constant, so that the
no arbitrage condition between high and medium skills in Fig. 25 (or Fig.
22) is flat.

Now consider an increase in AH .

This will not change IL (since IL = ĨL in any equilibrium), but will have a
large impact on IH (in view of the fact that the no arbitrage locus
between high and medium skills is flat).

Let us next turn to an investigation of the implications of this change in

AH on medium skill wages.
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Recall from the same argument leading to (23) that

wM = PMAM .

This gives

lnPM = IL

[
ln

(
ALL

AMM

)
+ ln(IH − IL)− ln IL

]
+(1− IH)

[
ln

(
AHH

AMM

)
+ ln(IH − IL)− ln(1− IH)

]
+

∫ IL

0
ln αL(i)di +

∫ IH

IL
ln αM(i)di +

∫ 1

IH
ln αH(i)di .
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Now differentiating this expression, we obtain

∂ lnPM

∂ lnAH
=

1− IH
AH︸ ︷︷ ︸
+

+ (ln αM(IH)− ln αH(IH))
dIH

d lnAH︸ ︷︷ ︸
−

+

[(
IL

IH − IL

)
+ 1+

1− IH
IH − IL

−
(
ln

(
AHH

AMM

)
+ ln(IH − IL)− ln(1− IH))]

dIH
d lnAH

.
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This result illustrates that in our task-based framework, in which
changes in technology affect the allocation of tasks across skills, a
factor-augmenting increase in productivity for one group of workers
can reduce the wages of another group by shrinking the set of tasks
that they are performing.
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4.5. Task replacing technologies

For this reason, let us suppose that there now exists a range of tasks
[I ′, I ′′] ⊂ [IL, IH ] for which αK (i) increases sufficiently (with fixed
cost of capital r) so that they are now more economically performed
by machines than middle skill workers.

For all the remaining tasks, i.e., for all i /∈ [I ′, I ′′], we continue to
assume that αK (i) = 0.

What are the implications of this type of technical change for the
supply of different types of tasks and for wages?
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Proposition 3. Suppose we start with an equilibrium characterized
by thresholds [IL, IH ] and technical change implies that the tasks in
the range [I ′, I ′′] ⊂ [IL, IH ] are now performed by machines. Then
after the introduction of machines, there exists new unique
equilibrium characterized by new thresholds ÎL and ÎH such that
0 < ÎL < I ′ < I ′′ < ÎH < 1 and for any i < ÎL, m(i) = h(i) = 0
and l(i) = L/ÎL; for any i ∈ (ÎL, I

′) ∪ (I ′′, ÎH), l(i) = h(i) = 0 and
m(i) = M/(ÎH − I ′′ + I ′ − ÎL); for any i ∈ (I ′, I ′′),
l(i) = m(i) = h(i) = 0; and for any i > ÎH , l(i) = m(i) = 0 and
h(i) = H/(1− ÎH).
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This proposition immediately makes clear that, as a consequence of
machines replacing tasks previously performed by medium skill
workers, there will be a reallocation of tasks in the economy. In
particular, medium skill workers will now start performing some of
the tasks previously allocated to low skill workers, thus increasing
the supply of these tasks (the same will happen at the top with an
expansion of some of the high skill tasks). This proposition therefore
gives us a way of thinking about how new technologies replacing
intermediate tasks (in practice, most closely corresponding to
routine, semiskilled occupations) will directly lead to the expansion
of low skill tasks (corresponding to service occupations).
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We next investigate the wage inequality implications of the
introduction of these new tasks. For simplicity, we focus on the case
where we start with [I ′, I ′′] = ∅, and then the set of tasks expands
to an interval of size ε′, where ε′ is small. This mathematical
approach is used only for expositional simplicity because it enables
us to apply differential calculus as above. None of the results
depend on the set of tasks performed by machines being small.
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lnAM − lnAH + βH(IH)+ lnM− lnH− ln(IH − IL− ε)+ ln(1− IH) = 0,
(30)

and

lnAL − lnAM + βL(IL) + ln L− lnM − ln(IH − IL − ε)− ln(IL) = 0.
(31) β′

H (IH )−
1

IH−IL
− 1

1−IH
1

IH−IL

1
IH−IL

β′
L(IL)−

1
IH−IL

− 1
IL

(
dIH
dIL

)
=

 − 1
IH−IL

1
IH−IL

 dε.
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dIH
dε

=
1

IH − IL

−β′
L(IL) +

1
IL

∆
> 0,

dIL
dε

=
1

IH − IL

−β′
H(IH) +

1
1−IH

∆
> 0,

d(IH − IL)

dε
=

1

IH − IL

−β′
L(IL)− β′

H(IH) +
1

1−IH
+ 1

IL

∆
> 0,

where recall that ∆ is the determinant of the matrix on the left hand
side.
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Proposition 4. Suppose we start with an equilibrium characterized
by thresholds [IL, IH ] and technical change implies that the tasks in
the range [I ′, I ′′] ⊂ [IL, IH ] are now performed by machines. Then:

1. wH/wM increases;
2. wM/wL decreases;
3. wH/wL increases if |β′

L(IL)IL| < |β′
H(IH)(1− IH)| and wH/wL

decreases |β′
L(IL)IL| > |β′

H(IH)(1− IH)|.
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The first two parts of the proposition are intuitive. Because new
machines replace the tasks previously performed by medium skill
workers, their relative wages, both compared to high and low skill
workers, decline. In practice, this corresponds to the wages of
workers in the middle of the income distribution, previously
performing relatively routine tasks, falling compared to those at the
top and the bottom of the wage distribution. Thus the introduction
of new machines replacing middle skilled tasks in this framework
provides a possible formalization of the “routinization” hypothesis
and a possible explanation for job and wage polarization discussed in
Section 2.
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Note that the impact of this type of technical change on the wage
of high skill relative to low skill workers is ambiguous; it depends on
whether medium skill workers displaced by machines are better
substitutes for low or high skill workers. The condition
|β′

L(IL)IL| < |β′
H(IH)(1− IH)| is the same as the condition we

encountered in Proposition 3, and the intuition is similar. The
inequality |β′

L(IL)| < |β′
H(IH)| implies that medium skill workers are

closer substitutes for low than high skill workers in the sense that,
around IH , there is a stronger comparative advantage of high skill
relative to medium skill workers than there is comparative advantage
of low relative to medium skill workers around IL. The terms IL and
(1− IH) have a similar intuition. If the set of tasks performed by
high skill workers is larger than the set of tasks performed by low
skill workers ((1− IH) > IL), the reallocation of a small set of tasks
from high to medium skill workers will have a smaller effect on high
skill wages than will an equivalent reallocation of tasks from low to
medium skill workers (in this case, for low skill wages).
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It appears plausible that in practice, medium skill workers previously
performing routine tasks are a closer substitute for low skill workers
employed in manual and service occupations than they are for high
skill workers in professional, managerial and technical occupations.
Indeed the substantial movement of medium skill high school and
some college workers out of clerical and production positions and
into service occupations after 1980 (Fig. 14) may be read as prima
facie evidence that the comparative advantage of middle skill
workers (particularly middle skill males) is relatively greater in low
rather than high skill tasks. If so, Part 3 of this proposition implies
that we should also see an increase in wH/wL. Alternatively, if
sufficiently many middle skill workers displaced by machines move
into high skill occupations, wH/wL may also increase. This latter
case would correspond to one in which, in relative terms, low skill
workers are the main beneficiaries of the introduction of new
machines into the production process.
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Let us finally return to the basic comparative statics and consider a
change in the task productivity schedule of high skill workers, αH(i).
Imagine, in particular, that this schedule is given by

αH(i) =

{
θ ĨH−i (i) if i ≤ ĨH

α̃H(i) if i > ĨH
(32)

where α̃H(i) is a function that satisfies Assumption 1 and θ ≥ 1,
and suppose that ĨH is in the neighborhood of the equilibrium
threshold task for high skill workers, IH . The presence of the term
θ ĨH−i in (36) implies that an increase in θ creates a rotation of the
task productivity schedule for high skill workers around ĨH .

Acemoglu-Autor TECHNICAL EXTRACT



Next the implications of an increase in θ.

This will imply that high skill workers can now successfully perform
tasks previously performed by medium skill workers, and hence high
skills workers will replace them in tasks close to IH (or close to the
equilibrium threshold IH).

Therefore, even absent machine-substitution for medium skill tasks,
the model can generate comparative static results similar to those
discussed above.

This requires that the task productivity schedule for high skill (or
low skill) workers twists so as to give them comparative advantage
in the tasks that were previously performed by medium skill workers.
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4.6. Endogenous choice of skill supply

• This is a version of a Roy model.
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Environment

To allow for substitution of workers across different types of skills,
we now assume that each worker j is endowed with some amount of
“low skill,” “medium skill,” and “high skill,” respectively lj , mj and
hj .

Workers have one unit of time, which is subject to a skill allocation
constraint

t jl + t jm + t jh ≤ l .

The workers income is

wLt
j
l l
j + wMt jmm

j + wHt
j
hh

j ,

which captures the fact that the worker with skill vector (lj ,mj , hj )
will have to allocate his time between jobs requiring different types
of skills.
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Aggregate amount of skills of different types.

Let us denote these by

L =
∫
j∈El

l jdj , M =
∫
j∈Em

mjdj , H =
∫
j∈Eh

hjdj ,

El , Em and Eh are the sets of workers choosing to supply their low,
medium and high skills respectively.

Clearly, the worker will choose to be in the set Eh only if

l j

hj
≤ wH

wL
and

mj

hj
≤ wH

wM
.

We now impose a type of single-crossing assumptions in supplies.
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Assumption 2. hj/mj and mj/l j are both strictly decreasing in j
and limj→0 h

j/mj and limj→1m
j/l j = 1.

This assumption implies that lower index workers have a
comparative advantage in high skill tasks and higher index workers
have a comparative advantage in low skill tasks.
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Lemma 2. For any ratios of wages wH/wM and wM/wL, there
exist J∗(wH/wM) and J∗∗(wM/wL) such that t jh = 1 for all

j < J∗(wH/wM), t jm = 1 for all j ∈ (J∗(wH/wM), J∗∗(wM/wL))

and t jl = 1 for all j > J∗∗(wM/wL). J
∗(wH/wM) and

J∗∗(wM/wL) are both strictly increasing in their arguments.

Clearly, J∗(wH/wM) and J∗∗(wM/wL) are defined such that

mJ∗(wH/wM)

hJ
∗(wH/wM)

=
wH

wM
and

lJ
∗
(wM/wL)

mJ∗(wM/wL)
=

wM

wL
. (33)

Acemoglu-Autor TECHNICAL EXTRACT



In light of this lemma, we can write

H =
∫ J∗(wH/wM )
0 hjdj , M =

∫ J∗∗(wM/wL)
J∗(wH/wM )

mjdj and

L =
∫ l
J∗∗(wM/wL)

l jdj .
(34)
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Assumption 2, J∗(wH/wM) and J∗∗(wM/wL) are both strictly
increasing in their arguments.

H

M
=

∫ J∗(wH/wM )
0 hjdj∫ J∗∗(wM/wL)

J∗(wH/wM )

and
M

L
=

∫ J∗∗(wM/wL)
J∗(wH/wM )∫ 1

J∗∗(wM/wL)
l jdj

(35)

The first expression, together with the fact that J∗(wH/wM) is
strictly increasing, implies that holding wM/wL constant, an
increase in wH/wM increases H/L. Similarly, holding wH/wM

constant, an increase in wM/wL increases M/L.
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Proposition 5. In the model with endogenous supplies, there exists
a unique equilibrium summarized by
(IL, IH ,PL,PM ,PH ,wL,wM ,wH , J

∗(wH/wM), J∗∗(wM/wL), L,M ,H)
given by Eqs (19)-(26), (33) and (34).
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Comparative statics and interpretation

The major change to the analysis introduced by allowing for the
endogenous supply of skills is that when there is factor-augmenting
technical change (or the introduction of capital that directly
substitutes for workers in various tasks), the induced changes in
wages will also affect supplies (even in the short run).
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During the 1980s the US labor market experienced declining wages
at the bottom of the distribution together with a relative
contraction in employment in low wage occupations (though
notably, a rise in employment in service occupations as underscored
by Autor and Dorn, 2010), and also rising wages and employment in
high skill occupations.

In terms of our model, this would be a consequence of an increase in
AH/AM and AM/AL which is the analog of skill biased technical
change in this three factor model.

This would result from rising penetration of information technology
that replaces middle skill tasks (i.e., those with a substantial routine
component).
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This will depress both the wages of medium skill workers and reduce
employment in tasks that were previously performed by these
medium skill workers.

In the most recent decade (2000s), employment in low wage service
occupations has grown even more rapidly.

In terms of our model, this could be an implication of the
displacement of medium workers under the plausible assumption
that the relative comparative advantage of middle skill workers is
greater in low than high skill tasks.
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4.7. Offshoring

To illustrate how offshoring of tasks affects the structure of wages,
suppose that a set of tasks [I ′, I ′′] ⊂ [IL, IH ] can now be offshored
to a foreign country, where wages are sufficiently low that such
offshoring is cost minimizing for domestic final good producers.
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Proposition 6. Suppose we start with an equilibrium characterized
by thresholds [IL, IH ] and changes in technology allow tasks in the

range
[
I
′
, I

′′
]
⊂ [IL, IH ] to be offshored. Then after offshoring, there

exists new unique equilibrium characterized by new thresholds
ÎL < IL and ÎH > IH such that 0 < ÎL < I

′
< I

′′
< ÎH < 1 and for

any i < ÎL,m(i) = h(i) = 0 and l(i) = L/ÎL; for any
i ∈ (ÎL, I

′
) ∪ (I

′′
), l(i) = m(i) = h(i) = 0; and for any

i > ÎH , l(i) = m(i) = 0 and h(i) = H/(1− ÎH). The implications
of offshoring on the structure of wages are as follows:

1 ωH/ωM increases;

2 ωM/ωL decreases;

3 ωH/ωL increases if |β′
L(IL)IL| < |β′

H(IH)(1− IH)| and
ωH/ωL decreases if |β′

L(IL)IL| > |β′
H(IH)(1− IH)|.
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While the extension of the model to offshoring is immediate, the
substantive point is deeper. The task-based model offers an
attractive means, in our view, to place labor supply, technological
change, and trading opportunities on equal economic footing. In our
model, each is viewed as offering a competing supply of tasks that,
in equilibrium, are allocated to productive activities in accordance
with comparative advantage and cost minimization. This approach
is both quite general and, we believe, intuitively appealing.
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4.8. Directed technical change
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General discussion

From this perspective, Tinbergen’s race between supplies and
technology is endogenously generated.

Autonomous changes in skill supplies–resulting from demographic
trends, evolving preferences, and shifts in public and private
education–induce endogenous changes in technology, which increase
the demand for skills.
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Formally, papers by Acemoglu (1998, 2002b) generalize the
canonical model with two types of skills and two types of
factor-augmenting technologies so as to endogenize the direction of
technical change (and thus the relative levels of the two
technologies). This work shows that an increase in the relative
supply of skills will endogenously cause technology to become more
skill biased.
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5. Comparative Advantage and Wages: An Empirical Approach
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As a stylized example of how this insight might be brought to the
data, we study the evolution of wages by skill groups, where skill
groups are defined according to their initial task specialization across
abstract-intensive, routine-intensive, and manual intensive
occupations. We take these patterns of occupational specialization
as a rough proxy for comparative advantage. Consider the full set of
demographic groups available in the data, indexed by gender,
education, age, and region. At the start of the sample in 1959, we
assume that these groups have self-selected into task specialities
according to comparative advantage, taking as given overall skill
supplies and task demands (reflecting also available technologies and
trade opportunities). Specifically, let γA

sejk , γR
sejk and γS

sejk be the
employment shares of a demographic group in abstract, routine and
manual/service occupations in 1959, where s denotes gender, e
denotes education group, j denotes age group, and k denotes region
of the country. By construction, we have that
γA
sejk + γR

sejk + γS
sejk = 1.
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Let wsejkt be the mean log wage of a demographic group in year t
and ∆wsejkτ be the change in w during decade τ.

We then estimate the following regression model:

∆ωsejkτ = ∑
t

βA
t γ̇A

sejk 1̇ [τ = t] + ∑
t

βS
t γ̇S

sejk 1̇ [τ = t] (36)

+δτ + ϕe + λj + πk + esejkτ.

where δ, ϕ,λ, and π are vectors of time, education, age, and region
dummies. The βS

t and the βS
t and BA

t coefficients in this model
estimate the decade specific slopes on the initial occupation shares
in predicting wage changes by demographic group.
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This hypothesis implies that we should expect the wages of workers
with comparative advantage in either abstract or manual/service
tasks to rise over time while the opposite should occur for skill
groups with comparative advantage in routine tasks.

Formally, we anticipate that BA
t and βS

t will rise while the intercepts
measuring the omitted routine task category (δτ) will decline.
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Table 10. OLS stacked first-difference estimates of the relationship between demographic
group occupational distributions in 1959 and subsequent changes in demographic groups’
mean log wages by decade, 1959-2007.
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