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Abstract

The last two decades has seen job polarization
and the rapid increase in wage inequality emerging
as a trend in many developed countries. Among
hypotheses about the in�uence of globalization,
task o�shoring has been receiving high attention
from several researchers. Employing the descrip-
tive and critical review as a research method, the
paper provides summary, classi�cation and evalu-
ation of both theoretical and empirical literature
on o�shoring medium-skilled job tasks and wage
inequality in the task-based approach. The paper
also identi�es patterns and trends in the literature
as well as lessons drawn from previous studies and
provides implications for future research.
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1 INTRODUCTION

Job polarization and the rapid in-
crease in wage inequality have emerged
as a trend in many developed countries
in the last two decades. Empirical re-
search has shown a reduction of employ-
ment share in middle-wage occupations
but a growth in high-wage and low-wage
ones in the USA, Canada, and many
high-wage countries in Europe. At the
same time, a pattern of wage distribu-
tion is also discerned, namely, the wage
at a top and the bottom of the distribu-
tion increases faster than in the middle
section. Thus, this phenomenon has be-
come a great interest for researchers in
labor economics �eld.

Moreover, in the international econ-
omy, countries exchange with each other
based on their comparative advantages
to improve their productivity and wel-
fare. Beside trading of tangible re-
sources and goods, skill endowment is
also believed to be a resource that can
be traded. Against the background of
new industrial revolution, most previ-
ous research has looked into the trade
in job tasks but not in skills. Particu-
larly, "a task is a unit of work activity
that produces output (goods and ser-
vices). In contrast, a skill is a worker's
endowment of capabilities for perform-
ing various tasks" [1]. Workers or ma-
chines can perform occupational tasks.
Skill is acquired through education or
enriched via lifetime experience. Thus,
workers apply their skills to the produc-
tion of tasks in exchange for a wage re-
turn. Meanwhile, tasks are employed to
produce �nal goods. Due to the impact
of globalization, there is the movement
of jobs or tasks from developed coun-

tries to the developing ones in oder to
reduce production and labor costs ir-
respective of whether the o�shoring is
done by the same or di�erent compa-
nies. This recent phenomenon is so-
called o�shoring in job tasks. For ex-
ample, the United States has o�shored
their medium-skilled job tasks to devel-
oping countries when Apple decides to
move all their factories to Vietnam and
China. Thus, it is believed to be an im-
portant factor contributing to wage in-
equality in developed countries.

This paper aims to investigate how
o�shoring medium-skilled job tasks can
explain the wage inequality from both
theoretical and empirical point of views.
To answer this question, the follow-
ing sections �rst summarize and cate-
gorize the existing theoretical research
based on di�erent academic disciplines
as well as analyze some speci�c theo-
retical methods of the task assignment
in explaining the impact of o�shoring.
Furthermore, the paper identi�es chal-
lenges and lessons to bring the task-
based approach to the data by reviewing
and evaluating the empirical literature,
then brie�y points out new directions
for further research.

2 REVIEW OF THE TASK-

BASED APPROACH

In theoretical terms, the task-based
approach is believed to be a powerful
framework for explaining the new trend
of wage inequality, job polarization as
well as demand for labor. The task
model allows economists to clearly ex-
amine the e�ects of not only o�shoring
opportunities and technology innova-
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tion but also immigration. This paper
reviews research on o�shoring with a
focus on o�shoring medium-skilled job
task.

Firstly, here is the inevitability of es-
tablishment of the task-based approach.
From the pioneering work of Tinbergen
[21], the economy acknowledges skill en-
dowment as one of the input factors
directly producing a �nal good. Par-
ticularly, the labor market is charac-
terized by two types of labor, namely,
skilled labor with college graduates and
unskilled labor with secondary or high
school ones. The wage of each type of
labor, so-called the return to skill, is
determined by relative supply and de-
mand of each respective type of skills.
Therefore, there exists a race between
education, representing for the supply
of skills, and skill-biased technology im-
provement, linking to the demand for
skills. Particularly, the development of
skill-biased technology leads to higher
demand for more skilled workers, and
hence greater demand for college edu-
cation. In constrast, Acemoglu [6] has
proved that not all technologies can sub-
stitute skill factors. In the late twenti-
eth century, new technologies appeared
to be skill-complementary for either
skilled or unskilled labor. For instance,
with a computer, unskilled workers can
now work in inventory control in super-
markets or restaurants, which formerly
employs skilled labor only. In this case,
technologies now take a form of factor-
augmenting. In addition, the canonical
production function framework of Tin-
bergen is hard to use to explain the new
shift of task and wage distribution in in-
dustrialized countries in recent decades.

Thus, the more suitable theoretical ex-
planation for this polarization has re-
ceived increasing attention from many
researchers.

During the last two decades, there
has been a large body of theoretical re-
search in to change of wage inequality
and employment patterns in the light
of new globalization trend and techno-
logical innovation. Accordingly, the lit-
erature is categorized into groupings of
research �elds as followed:

In labor economics

The idea of the task-based approach
is introduced in the works by Autor
et al.[2]. This new framework employs
two types of labor corresponding to
routine and non-routine tasks, but not
two kinds of skills, to produce the �-
nal output. A task is de�ned as rou-
tine if its cognitive and manual activi-
ties are limited, well-de�ned and follow
speci�c steps which can be described as
a computer code. Thus, the computer
can be substituted the labor of routine
tasks in some �elds, for example, book-
keepers, cashiers, manufacturing work-
ers and other handlers of repetitive in-
formation processing sectors. In con-
trast, a non-routine task cannot be re-
placed but complemented by comput-
ers because of its creativity, �exibil-
ity, and complexity. David's model
also applied a Cobb-Douglas (CD) pro-
duction function, instead of a constant
elasticity of substitution (CES) aggre-
gate function in the canonical model,
which allows expressing the substitu-
tion between computer capital and rou-
tine task but the complementation be-
tween computer capital and non-routine
tasks. This model shows that a decrease
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in the price of computer capital due
to technological improvement increases
the demand for both routine and non-
routine tasks but decreases labor sup-
ply to routine tasks. Analogously, occu-
pations with larger investments in com-
puter capital experience a large increase
in labor input of non-routine tasks but
a decline in routine tasks.

Autor et al. [3] further improve the
previous framework, with a three-task
technology of production, namely ab-
stract, routine and manual task, and the
self-selection hypothesis. Particularly,
based on the di�erent degree of comple-
mentary of computers, the non-routine
tasks are divided into (i) abstract tasks,
engaging in problem-solving, organi-
zation or management activities, are
more complementary with computers;
(ii) manual tasks in respect to jobs,
that requires manual duties such as
truck drivers, security guards or clean-
ers, are not as complementary to com-
puters as non-routine abstract tasks.
Moreover, the workers with college edu-
cation in-elastically supply to abstract
tasks while workers with high school
certi�cates can choose to supply to ei-
ther manual tasks or routine tasks. As
a result, a decline in computer capital's
price leads to a decrease in the wage of
routine labor, while a rise in the wage of
abstract labor and an ambiguous e�ect
on manual labor's wage. Associating
with a reduction in the wage of routine
jobs, the model also implies the move-
ment of high school workers, such that
middle-skilled tasks decrease, whereas
lower skilled employment composition
augments and high-skilled jobs remain
stable. These two theoretical frame-

works are believed to explain the recent
phenomenon of task and wage polariza-
tion in developed countries [10]. Adopt-
ing these frameworks, several studies
further investigate the impacts of tech-
nology on the labor market. However,
some researchers argue that technology
is not the only factor to explain the
recent trend of polarization since most
early literature only examines the model
in a closed economy.

In trading

Many economists start to apply the
task-based approach to consider the
relationship between the international
trade and labor market. In the past,
the link between trade and relative
wage was primarily explained by using
the Stolper-Samuelson theorem of the
Heckscher-Ohlin model of trade. More
precisely, in the world economy with
two goods, two factors, and two coun-
tries, development of trade leads to
a rise in the returns of the country's
abundant factor but a drop in the re-
turns of its scarce factor. Over the
past decade, there exist a lot of emerg-
ing literature which focuses on trade in
job tasks rather than in physical goods
[19]. Among them, the model devel-
oped by Grossman and Rossi-Hansberg
[15] which is recently drawn heavily by
researchers in trading research. This
model highlights that tasks are needed
to produce output and �rms are mo-
tivated to o�shore tasks by the factor
cost savings in an open economy. Their
model considers a continuum of L-tasks
performed by workers having relatively
little skill, and a continuum of H-tasks
carried out by workers having a greater
education. The di�erence in technology
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improvement between countries causes
the rise of the o�shoring. The main
�nding of this model is the three e�ects
of trading in tasks on wage distribution
in the domestic country. First, the rela-
tive price e�ect of o�shoring in L-tasks
induces a downward movement in low-
skilled wage via the mechanism simi-
lar to Stolper-Samuelson model. Sec-
ond, labor supply e�ect implies a reab-
sorption of workers who formerly per-
formed the o�shoring tasks in the do-
mestic economy. It may lead to fur-
ther pressure on their wage. The �-
nal e�ect has the same result of the in-
crease in productivity of low-skilled la-
bor; thus, it is called the productivity
e�ect of o�shoring. Particularly, the
cost saving actions of �rms from utiliz-
ing the cheaper cost of performing L-
tasks may increase the demand for low-
skilled labor which consequently in�ates
their wages. However, this model nei-
ther mentions aggregate e�ect of these
three e�ects nor employs the matching
between di�erent skill groups and vari-
ous job tasks [15, 22, 8]. Another pop-
ular contribution to the theory of in-
ternational trade is the framework of
Costinot and Vogel [9]. This model con-
siders the allocation of a continuum of
workers with skill distributions to a con-
tinuum of intermediated tasks to pro-
duce one �nal good with the CES aggre-
gator. In the world economy, o�shoring
leads to skill downgrading in both coun-
tries and an extensive increase in wage
inequality within and across countries.

Linking the idea of trading in

tasks and the direction of new

technologies

Acemoglu and Autor [1] generalize

an explicit framework of task assign-
ment. This approach is particularly in-
troduced in the paper as a basic task-
based model since it has huge contribu-
tion to the literature on the theoretical
determinants of change in job polariza-
tion and wage inequality. The model
assumes three types of skills, namely
low, medium and high skill, allocated
across continuum tasks which together
produce a unique �nal output under CD
function. The central role of this ap-
proach is the Ricardian comparative ad-
vantage di�ering across types of workers
in performing tasks. An optimal choice
of allocation of skills to tasks and an
optimal wage structure are uniquely de-
rived in equilibrium. In a closed econ-
omy, the comparative static of tech-
nology change is exercised in two dif-
ferent directions. First, the skill bias
technical change directs towards skilled
workers. Second, technological innova-
tion directly displaces workers in per-
forming routine tasks. In terms of an
open economy, the o�shoring of tasks to
abroad is assumed as an exogenous pa-
rameter appearing from the technolog-
ical di�erence across countries. Thus,
the e�ects of o�shoring parallel the ef-
fects of technology replacing tasks in
the way of contracting the medium-
skilled tasks but expanding the low and
high-skilled tasks, hence decreasing the
relative wage of medium-skilled labor.
This basic model has been not only ap-
plied many times for the empirical anal-
ysis but has also been further modi-
�ed and improved in a lot of extended
conceptual explanations. Among them,
the latest theoretical framework of Val-
lizadeh, et al. [22] is the extended
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version of task assignment model. In
contrast with the hypothesis of Gross-
man and Rossi-Hansberg [15], this ex-
tended model allows for matching be-
tween continuum tasks and three spe-
ci�c skills which implies the task com-
petition among skill groups through a
relative comparative advantage in pro-
ductivity. However, this model con-
siders o�shoring as an endogenous pro-
cess decided by the domestic �rm, in-
stead of exogenous o�shoring in the
framework of Acemoglu and Autor [1].
In doing so, the extended approach
can address the important hypothesis
of polarization and productivity e�ect
in a more explicit model, consisting of
task skill heterogeneity, endogenous o�-
shoring and spillover e�ects induced by
job tasks mobility.

3 THE TASK ASSIGNMENT

FRAMEWORK

Task assignment model provides a
natural mechanism for interpreting pat-
terns related to occupations in the labor
market as well as wage structure among
di�erent skill groups. The model makes
an explicit distinction between tasks
and skills. Skills do not directly pro-
duce output, but rather tasks which are
performed by di�erent skill-level work-
ers do. In general technology, each skill
level has a comparative advantage in
performing di�erent tasks. This model
is further developed based on the frame-
work of Acemoglu and Autor [1], Autor
[4] and Oldenski [19].

Framework setting

A static environment is applied in
a closed economy with a unique �nal

good. The unique �nal good is pro-
duced by a combination of a continuum
of tasks (i) represented by the unit in-
terval [0,1]. With the application of
the Cobb-Douglas technology combin-
ing the service of tasks y(i), the output
(Y) of a �nal good is de�ned as follows:

Y = exp

 1�

0

lny (i) di

 (1)

It is proposed that there be three types
of labor: low-(L), medium-(M), and
high-skilled workers (H), of which there
is a �xed, inelastic supply among them.
Besides labor factors, capital or technol-
ogy factor (k) is also required to pro-
duce an available task. The production
function of task (i) is as follows:

y (i) = AL.αL (i) .l (i)

+ AM .αM (i) .m (i)

+ AH .αH (i) .h (i)

+ Ak.αk (i) .k (i) (2)

where (A) denotes a factor-augmenting
technology; (α) is the productivity of
workers at a speci�c skill level in the
performance of a task (i); and (l,m,h)
and (k) are index representing the num-
ber of low-, medium-, high-skilled work-
ers and capital factor allocated to task
(i).

The comparative advantage of skill
groups di�ers across tasks

The assumption of comparative ad-
vantage of skill groups, captured by the
(α) parameter, is a central di�erence
of task assignment model. Based on
(2), any tasks (i) can be produced by
workers of any skill level. In other
words, medium-skilled workers can pro-
duce either the very simple tasks which
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might require only low-skilled work-
ers or the very complex tasks which
are better performed by high-skilled
workers and vice versa. However, in
the sense of comparative advantage of
skill groups, high-skilled workers will be
better than the medium-skilled worker
in performing higher numbered tasks.
Similarly, medium-skilled workers will
have a higher comparative advantage
than low-skilled workers in producing
medium level tasks. The simple struc-
ture of comparative advantage is for-
mally expressed as αL (i) /αM (i) and
αM (i) /αH (i) which are possibly di�er-
ent and strictly decreasing.

The sets of tasks
Following the structure of the com-

parative advantage di�erence, the econ-
omy includes three convex sets of tasks
in which one set is producedy only low-
skilled workers, one by only medium-
skilled workers, and the other by only
high-skilled workers only. The two cut-
o� points of the task partition repre-
sent as IL and IH such that 0 < IL <
IH < 1 . In particular, any tasks
0 ≤ i ≤ IL are the least complex
tasks produced by low-skilled workers
while m (i) = h (i) = 0. Any task
IH ≤ i ≤ 1 are the most complex tasks
performed by the high-skilled workers
but l (i) = m (i) = 0. The interval
[IL, IH ] is called intermediate task pro-
duced by medium-skilled workers while
l (i) = h (i) = 0. Crucially, the optimal
allocation of tasks, I∗L and I∗H , and the
relative wages across skill groups will be
endogenously determined in the model.

Equilibrium without machines

A usual manner of the economy in
the equilibrium is that the producer

wants to maximize their pro�ts subject
to labor market clearing condition. For
now, the model assumes no labor sup-
ply decision on the part of the workers,
and no machine which can substitute
workers to produce the speci�c tasks
(αK (i) ≡ 0). Thus, given the supply
of di�erent types of labor in the mar-
ket, �rms will optimize the allocation of
skills to tasks, then derive the price of
the task as well as the wage of di�erent
skill-level workers in the equilibrium.

Equilibrium conditions
The optimal threshold tasks I∗L and

I∗H must jointly satisfy a set of condi-
tions, namely, the law of one price, the
no-arbitrage condition and the market
clearing requirements.

Factor market clearing condition
The assumption of the di�erent

comparative advantage of skill groups
across tasks ensures a simple and tight
requirement of equilibrium in this econ-
omy, particularly the factor market
clearing. The whole labor supply of
each low-, medium- and high-skilled
workers, as L, M and H respectively, are
used in the production of corresponding
tasks.

1�

0

l (i) .di ≤ L;

1�

0

m (i) .di ≤M ;

1�

0

h (i) .di ≤ H (3)

Law of one price
Because of competitive labor mar-

kets, the law of one price for the skill
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must hold in any competitive equilib-
rium. For example, this law implies
that all tasks employing low-skilled la-
bor have to pay an equal wage, ωL.
In equilibrium, wages are de�ned as
marginal products of di�erent types of
skills. Within the threshold task IL and
IH , the value of ωL must be identical
for any i < IL. As a consequence, ωM

is identical for any IL < i < IH and ωH

is also identical for any i > IH .
No-arbitrage across skills
The condition of no-arbitrage across

skills claims that the unit cost of pro-
ducing task IL must be identical in equi-
librium whether using low- or medium-
skilled workers. Similarly, for the
marginal task located at IH . , the pro-
ducing cost using either the medium-
skilled or the high-skilled workers must
equalize. Formal expressions are as fol-
low a :

ωL

AL.αL (IL)
=

ωM

AM .αM (IL)
(4a)

ωM

AM .αM (IH)
=

ωM

AH .αH (IH)
(4b)

Optimal solutions
Following the equilibrium condi-

tions, the basic model can determine
the optimal threshold tasks, I∗L and I∗H .
Then the relative wage structure be-
tween skill groups, as well as the price of
tasks performed by di�erent skill groups
can be solved in a straightforward man-
ner. Before obtaining the expression of
I∗L and I∗H , it is e�cient to determine
the price of tasks and wage level as a
function of the threshold tasks.

Price of tasks
The variable p (i) denotes the price

of production of task i. By assuming the
price of the �nal good equal to 1, p (i)
can derive from the following equation:

exp

 1�

0

lnp (i) di

 = 1 (5)

The price p (i) may be varied among
the tasks, even these tasks are produced
by the same skill-level workers. By the
law of one price, the di�erence of prices
must exactly o�set with productivity
variation among di�erent skill groups.
Thus, the identical price index of tasks
produced by the low-, medium-, and
high-skilled workers are de�ned as fol-
low:

PL = p (i) .αL (i)

= p (í ) .αL (í ) ,∀i, í ∈ [0, IL] (6a)

PM = p (i) .αM (i)

= p (í ) .αM (í ) ,∀i, í ∈ (IL, IH) (6b)

PH = p (i) .αH (i)

= p (í ) .αH (í ) ,∀i, í ∈ [IH , 1] (6c)

From (5) and (6) the last equilib-
rium condition can be characterized, so-
called the price normalization:

IL�

0

[lnPL − lnαL (i)] di

+

IH�

IL

[lnPM − lnαM (i)] di

+

1�

IH

[lnPH − lnαH (i)] di = 0 (7)

Moreover, due to the Cobb-Douglas
technology in the production of �nal

a The original equations in the paper of Acemoglu and Autor [1] are wrong. Equations (4) are
corrected by the author.
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goods, the expenditure across all tasks
should be equalized and also equal to
the value of total output. It can be ex-
pressed as:

p (i) .y (i) ≡ Y, ∀i ∈ [0, 1] (8)

By using the convenient implication of
CD productivity structure and combin-
ing with the market clearing condition,
the number of each type of labor allo-
cated to the task are de�ned as:

l (i) =
L

IL
, ∀i ∈ [0, IL] (9a)

m (i) =
M

IH − IL
,∀i ∈ [IL, IH ] (9b)

h (i) =
H

1− IH
,∀i ∈ [IH , 1] (9c)

In addition, it is important to compare
two tasks produced by di�erent types
of employees. By using (6), (8) and (9),
the relative price of task performed by
medium and low-skilled workers as well
as the relative price of tasks produced
by high and medium-skilled workers can
be obtained as follow:

PM

PL

=

(
AM .M

IH − IL

)−1(
AL.L

IL

)
(10a)

PH

PM

=

(
AH .H

1− IH

)−1(
AM .M

IH − IL

)
(10b)

As seen in the above equations, the
relative price of di�erent tasks depends
on factor augmenting technology A, the
total number of each worker in the econ-
omy and the two cut-o� points of sets of
tasks. With the given value of M, L, H
and A, the price of tasks can be deter-
mined once the unique optimal I∗L and
I∗H are solved.

Wages of skill groups

Wage levels are simply de�ned as
marginal products of di�erent types
of skills and must be identical among
workers in the same skill level. From
(2), (6) and (8), the wage levels of low-
, medium-, and high-skilled worker are
determined respectively as follow:

ωL = p (i) .AL.αL (i)

= PL.AL,∀i ∈ [0, IL] (11a)

ωM = p (i) .AM .αM (i)

= PM .AM ,∀i ∈ [IL, IH ] (11b)

ωH = p (i) .AH .αH (i)

= PH .AH ,∀i ∈ [IH , 1] (11c)

From these above expressions, it is
simple to derive the relative earning
across skill groups. These following ra-
tios play a major role in the interpre-
tation of the wage structure and in-
equality in the task model. The rela-
tive wage functions depend on relative
supplies between respective skill groups
and the equilibrium task assignment IL
and IH .

Thus, wage inequality is uniquely
determined since the task assignment
function are uniquely de�ned in equi-
librium.

ωH

ωM

=

(
H

M

)−1
.

(
1− IH
IH − IL

)
(12a)

ωM

ωL

=

(
M

L

)−1
.

(
IH − IL
IL

)
(12b)

The optimal task assignment
To derive the optimal function of

I∗L and I∗H , the model �nally employs
the no-arbitrage conditions. Recall that
(4a) implies that there is no di�erent
cost to produce task IL whether employ-
ing low-skilled or medium-skilled work-
ers. Combining this equation and (12b),
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the no-arbitrage function of task alloca-
tion between low- and medium-skilled
groups can be derived as:

AL.αL (IL) .L

IL
=
AM .αM (IL) .M

IH − IL
(13)

Analogously, the so-called no-
arbitrage function of task allocation be-
tween high- and medium-skilled workers
is obtained from (4b) and (12a):

AM .αM (IL) .M

IH − IL
=
AH .αH (IH) .H

1− IH
(14)

Again, since the labor supplies of each
skill levels, the factor-augmenting tech-
nologies, and the task productivity
schedules are known, the unique equi-
librium I∗L and I∗H can be determined
from (13) and (14) respectively. Thus,
given these, the value of the price index
of task and wage levels of all skill groups
also are uniquely determined.

Interpretation of Equilibrium
In the IL-IH scale (Fig. 2), the equi-

librium task margins can be determined
at the intersection between these two
no-arbitrage curves which both have
an upward slope. However, the no-
arbitrage curve between medium- and
high-skilled labors has a steeper slope
than the no-arbitrage curve between
low- and medium-skilled labors. More-
over, it is necessary to illustrate the al-
location of tasks as the equilibrium be-
tween the supply and demand of di�er-
ent types of skill groups. To do that,
(13) and (14) are rearranged as followb

:

1− IH
IH − IL

.
αM (IH)

αH (IH)
=
AM .H

AM .M
(15a)

IH − IL
IL

.
αL (IL)

αM (IL)
=
AM .M

AL.L
(15b)

In other words, the right-hand side
of these expressions represents the rel-
ative e�ective supply while the left-
hand side corresponds to the relative ef-
fective demand between each two skill
groups. The intersection between the
demand curve and supply curve of (15a)
and (15b) depicts the allocation of task
I∗L and I∗H respectively. Furthermore,
from the above expressions, the rela-
tive supply curves, independent of the
task margins, are shown as horizontal
lines. However, the relative demand
curves have a downward slope since the
relative task-productivity is strictly de-
creased in task margins as the assump-
tion. Nevertheless, Fig. 2 clearly visu-
alizes the equilibrium with the partition
between three types of skilled labor.

O�shoring of medium-skilled

workers-Comparative static

So far, the model only considers a
closed economy. In the global econ-
omy where countries trade resources
with each other, the task equilibrium
and wage structure are supposed to be
di�erent. Moreover, instead of trad-
ing �nished goods and services, trad-
ing in tasks has now become an emerg-
ing trend of the international economy.
In particular, some speci�c tasks are
moved to other countries with a lower
average income. In return, the task-
export countries can still trade in the

b There is another mistake in the original paper of Acemoglu and Autor [1]. Equation (15b) is
corrected with α (IL) instead of α (IH)



160 Asian Journal of Economics and Banking (2019), 3(1),150�169

Fig. 1 Determination of Equilibrium task margins [1]

Fig. 2 Equilibrium allocation of skills to tasks [1]

�nal good to ensure trade balance and
minimize their production costs. Based
on the observation that medium-skilled
tasks are more likely to be o�shored
than low and high-skilled tasks, the
next section illustrates how o�shoring
of medium-skilled tasks can a�ect the
equilibrium.

An exogenous o�shoring
First, assume that there now exists

a range of tasks, denoted as

[I ′, I ′′] { [IL, IH ]

to be o�shored to foreign countries and
the size of this interval is denoted as
ε. In a closed economy, ε = 0 and the
equilibrium are showed as in the previ-
ous section. In open-to-trade consider-
ation, ε increases positively which leads
to a change in the size of medium-skilled
task interval, i.e. (IH − IL − ε). As a

c In the original paper, there is no detailed explanation for the e�ects of o�shoring on task margins
and wage structure. According to Acemoglu and Autor [1]; however, these e�ects are equivalent
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consequence, there will be a reallocation
of tasks, then a change in wage struc-
ture in the economyc

In this case, the new equilibrium
task margins are ÎL and ÎH which can
be determined by the following no-
arbitrage equations in log form:

lnAM − lnAH + βH (IH) + lnM

− lnH − ln (IH − IL − ε)
+ ln (1− IH) = 0 (16a)

lnAL − lnAM + βL (IL) + lnL

− lnM + ln (IH − IL − ε)
+ ln (1− IH) = 0 (16b)

Recall that β (.) is a log form of
the two comparative advantage of skill
groups across tasks, namely βH (I) ≡
lnαM (I) − lnαH (I) and βL (I) ≡
lnαL (I) − lnαM (I). As observed in
the initial assumptions, these two terms
are also continuously di�erentiable and
strictly decreasing.

Task reallocation
Conveniently, the comparative stat-

ics also can be exercised by using these
equations (16). The starting points are
equilibrium I∗L and I∗H with ε = 0, and
then ε increases to value ε′ > 0 Math-
ematically, these equations are totally
di�erentiated with respect to IL, IH and
ε, then solve the matrix of the obtained
equation system. Therefore, the result
is:

dIH
dε

> 0;
dIL
dε

< 0

and
d (IH − IL)

dε
> 0

In other words, a positive o�shoring
shock in medium-skilled tasks increases

the task margin ÎH > I∗H , but decreases

the task margin ÎL < I∗L. This e�ect
implies that some medium-skilled work-
ers are now starting to produce either∣∣dIH

dε

∣∣ tasks which were previously per-

formed by high-skilled workers or
∣∣dIL
dε

∣∣
tasks which were previously performed
by low-skilled workers. A consequence
of o�shoring in medium-skill task is an
increase in the supply of low- and high-
skilled tasks, and hence expansion of
these tasks.

Wage distribution
Following the result of tasks reallo-

cation, the impacts are characterized as:
(i) ωH/ωM increase;
(ii) ωM/ωL decrease;
(iii) ωH/ωL depends on whether

|β′L (IL) .IL| is smaller or higher than
|β′H (IH) . (1− IH)|.

The �rst two characteristics (i) and
(ii) are intuitive. Since some medium-
skilled tasks are o�shored to foreign
countries, the relative wages of the
medium-skilled workers both compared
to low and high-skilled workers will di-
minish. It is because medium-skilled
workers have to be reallocated to the
tasks in which they have no compara-
tive advantage. Furthermore, to reduce
production cost, medium-skilled tasks
can be o�shored further. Hence, the
wages of this skill group are reduced
compared to those of the other two skill
groups. The last characteristic implies
an interesting general e�ect on the wage
of high-skilled groups relative to low-
skilled groups. The nature of compar-
ative advantage claims that medium-
skilled employees can encroach on the

to the impacts of task replacing technologies which are discussed more precisely. Therefore, the
paper uses all interpretations of the latter as the explanation of the former.
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other two skill groups, but the question
is which of the encroachment on L or H
has a higher degree. The result depends
on the comparative advantage of skill
groups expressed by terms of β, as well
as the size of task sets IL and (1− IH).

In particular, the inequality
|β′L (IL)| < |β′H (IH)| implies that the
high-skilled labor has a stronger com-
parative advantage relative to medium-
skilled ones around IH , and the low-
skilled labor have a weaker comparative
advantage relative to medium-skilled
ones around IL. In this case, medium-
skilled employees will be likely to be
reallocated to become low-skilled work-
ers rather than high-skilled workers.
In this case, the relative wage of hig-
hand low-skilled labor will increase. On
the other hand, the change of relative
wage can be explained by the inequal-
ity IL > (1− IH). Since the set of
low-skilled tasks is larger than that of
high-skilled tasks, any reallocation of
medium-skilled workers has a smaller
e�ect on low-skilled workers' wages and
a higher e�ect on wages of high-skilled
groups. In this case, the relative wag
e of high and low-skilled group will de-
crease.

4 HOW TO PUT THE TASK

INTO THE TEST-THE CRIT-

ICAL REVIEW OF EMPIRI-

CAL LITERATURE

With the growing body of literature
on o�shoring tasks, the researchers fo-
cus on the employment e�ect and wage
e�ect of o�shoring and report mixed re-
sults for the developed countries. Ac-
cording to Autor [4], although the task

asignment model has some potential
value, it is challenging to test this model
empirically. Particularly, it is di�cult
to measure and identify the economic
mapping between tasks and skills as well
as distinguishing returns-to-task and
returns-to-skill regressions. By evaluat-
ing previous empirical research, this sec-
tion raises three issues of measurement
that need to be considered and draws
some useful lessons for the economists.

Challenge in task measurement

Di�erent from the canonical setting,
in which skill proxies are broadly col-
lected such as education and experi-
ence, the task approach requires suit-
able proxies for job tasks but not for
skills. These proxies have to be able to
represent the allocation of skill across
tasks as well as the change of this alloca-
tion over time. Unfortunately, most of
the primary research datasets used for
estimating earning provides little infor-
mation about job tasks. This results in
substantial measurement challenge. As
a natural appeal, occupations are em-
ployed as proxies for job tasks since they
can easily be conceptualized as bundles
of tasks. However, the occupational cat-
egorization contains hundreds of vari-
ous occupations which are very di�-
cult to represent as task measures in
their raw form. Therefore, how to re-
duce a huge set of occupation codes to a
lower dimensional object becomes prob-
lematic. The relevant literature shows
at least three approaches used to solve
this problem [4, 5].

At the industrial level, a �rst
method is to aggregate many distinct
occupations into a few broad classi-
�cations such as production, service,
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professional, etc. For instance, data
from the Bureau of Economic Analysis
(BEA) has been used by Oldenski [19].
The BEA surveys consist of data on U.S
multinational companies operating 112
manufacturing and service industries.
These industries are sorted according to
BEA version of 4-digit North American
Industrial Classi�cation System codes.
Although this is a typical and straight-
forward method, this method is consid-
ered to obscure the overlaps of task con-
tents among occupation [5]. In particu-
lar, accountants in o�ces and machine
operators in factories belong to di�er-
ent industrial categories but they both
perform similar tasks, i.e. routine tasks.
Furthermore, similar to company direc-
tors, university lecturers also make ex-
tensive use of high-skilled tasks. Thus,
researchers using this method have to
apply additional subjective judgments.

Alternatively, the occupation- level
task measures have been widely used in
empirical works in order to reduce the
limitation of similarities. This approach
manually groups occupations based on
a set of standardized job descriptors
to each occupation. A key advantage
of this method is its main inputs, in-
cluding detailed occupation and objec-
tive dimensions of task contents, can
be evaluated by the statistical agen-
cies that supply them. Two major
data sources are the US Labor Depart-
ment's Dictionary of Occupational Ti-
tles (DOT) �rst issued in 1939 and
its successor, the Occupational Infor-
mation Network (O*NET) introduced
in 1998 [4]. DOT task measures origi-
nally follow the congregation of Autor
et.al [2] and [3]. For example, occu-

pations requiring direction, control and
planning activities and quantitative rea-
soning belong to non-routine abstract
tasks. Other jobs involving only Eye-
Hand-Foot coordination are measured
as non-routine manual tasks while rou-
tine tasks correspond to occupations re-
questing Set limits, Tolerances or Stan-
dards, and Finger Dexterity Acemoglu
and Autor [1]. With O*NET data, how-
ever, some occupations have a long list
of characteristics which are unwieldy in
a regression setting due to collinearity
[16]. Furthermore, according to Autor
[4], using job task descriptors to assign
tasks to the occupations has two ma-
jor limitations. Fundamentally, occu-
pational level measurements dismiss all
heterogeneity in job tasks among work-
ers within an occupation since personal
skills and actual tasks di�er among
workers. Moreover, tasks also tend to
be reallocated when the relative sizes
of occupations have changed. Thus,
this method could systematically under-
state the extensive margin of this real-
location unless the databases are regu-
larly refreshed, but this is done at ex-
tremely high cost. Besides these two
intrinsic limitations, this approach has
to face practical di�culties in designing
the job content descriptors from data
sources. Both U.S data sources men-
tioned above are preceded the task as-
signment model. Thus, most of the ob-
jective and subjective job scales of these
sources are still unclear, monotonous
and confusing in terms of task measure-
ment.

A �nal approach is using the direct
survey at the individual level. Job task
information can be collected for test-
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ing speci�c hypotheses without restric-
tions on the variability of tasks both
within and across occupation. The sur-
vey respondents answer the sets of ques-
tions about demographics, employment,
wage data as well as job-activity de-
scriptions. Currently, this method is
believed to be a successful task mea-
surement that could minimize the above
mentioned problems. One of the signif-
icant examples is the IAB/BIBBd . It is
a detailed self-reported data on primary
activities of workers which are measured
from the job activities questions. How-
ever, the IAB/BIBB data are not pur-
posely conducted for either economy-

wide lever or over-time changes in
job tasks. Moreover, Handel [5] intro-
duces the survey of the Princeton Data
Improvement Initiative (PDII) which
collects new data on job activities of
American workers performing di�erent
cognitive, interpersonal and physical
tasks. Although this survey does not
provide the time-series component, it
allows researchers to test the variation
of job tasks within occupations. An-
other example is the British Skills Sur-
vey of Francis Green and collaborators.
The survey provides a consistent mea-
surement of skills used in the workplace
in term of job performances, technical
uses, training requirements and so on.

A lesson from these initiatives and
from many other recent surveys is
how to design the questionnaires which
can successfully measures routine tasks
from di�erent perspectives. For exam-

ple, mopping �oors is a mundane repet-
itive task from the perspective of hu-
man labor but is not a routine task from
the perspective of machine automation.
In fact, as a characteristic of current
computer technology, visual recognition
and environmental adaptability needed
to produce this task is a technical chal-
lenge for computer science. Therefore,
to classify di�erent types of tasks, it is
more practical to ask workers more de-
tailed about which tasks they usually
produce and to apply outside expertise
later on for the reliable information.

Conceptual challenges and re-

gression of wage on task

In the Ricardian model of task-based
approach, workers are systematically al-
located to various job tasks based on
the schedule of comparative advantage
among skill groups. In the equilibrium
of the basic model, despite being as-
signed to di�erent tasks, workers of the
same skill level will receive the same
wage due to �law of one price�. This
practice poses a �rst conceptual chal-
lenge which concerns the intrinsic dif-
�culty of recognizing credible counter-
factuals in task framework. In reality,
each worker could produce any available
job tasks in the economy, then could
receive a di�erent wage within each
task segment. Furthermore, if there
is a signi�cant proportion of labor to
be reallocated to other task categories,
the aggregate wage of each skill group
would be altered. Therefore, there are
some of the task assignment literature

d The West German Quali�cation and career survey conducted in 1979, 1984/84, 1991/92,
19998/99 and 2005/06 by the Federal Institute for Vocational Training (BIBB) and the In-
stitute for Labor Market Research (IAB). The survey has less than 300.000 respondents who
belong to German employed population from 16 to 65 year-old labor force data �rst introduced
by DiNardo and Pischke [11].
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in support of Roy [20] model where the
returns to a variety of skills can be
occupation-speci�c. For instance, Firpo
et al. [12] goes one step further than the
basic model of Acemoglu and Autor [1]
by allowing wages to be varied across
job tasks in the setting of an empirical
test as in Roy model of wage setting.
However, Autor [4] argues that these
reallocations becomes relevant to real-
ity in the case of o�shoring of middle-
skilled labor. In this case, there ex-
ist some degree of misallocation at any
given moment due to a set of plausible
frictions in the economy. The displace-
ment of middle-skilled labor and the full
e�ects on wage structure depends on
how productive middle-skilled labor is
in alternative uses. In short, compara-
tive advantage shapes the e�ect of o�-
shoring on the task assignment, produc-
tivity and wage of all factors. Thus,
it poses another challenge for empirical
analysis in obtaining the schedule of the
comparative advantage because the pro-
ductivity of workers in producing tasks
to which they are not assigned is di�-
cult to estimate.

These conceptual challenges are par-
ticularly relevant for the estimation of
wage return to tasks in the empirical im-
plementation of task assignment model.
In the task-based approach, tasks are
conceptually di�erent from skills, and
then the wage returns to jobs tasks are
also di�erent from that of skills. The
key prediction of the theory with the
constant comparative advantage is that:
�If the relative market price of the tasks
in which a skill group holds comparative
advantage declines, the relative wage
of that skill group should also decline.

Even if the group reallocates its labor to
a di�erent set of tasks (i.e., due to the
change in its comparative advantage)�.
In short, the changes in market value
of tasks should exert an impact on the
change of wages by skill groups. The
question is how to bring this insight into
data and to obtain the clari�ed wage
regression. Critically, the distinction
between task return and skill return is
meaningful in regressing wage since the
assignment of skills to tasks is endoge-
nous. This endogenous variable is de-
�ned based on the stock of human capi-
tal of workers and the contemporaneous
productivity of the task. The model in-
dicates that task allocations are them-
selves dependent on the current wage
distribution and hence the regression
of wage on job tasks will generate po-
tentially misleading results. Therefore,
Autor [4] suggests that the regressing
wages be paid on skills with the Min-
cerian approach are more informative
about wage inequality than the regress-
ing wages paid on tasks with an alterna-
tive method. Taking the empirical ap-
proach of Baumgarten et al. [7] as an
example, the Mincer wage equation of
workers is as follows:

lnWAGEijkt = α + βDEMOGit

+γWORKit + δTASKk + λOSjt

+ϑOSjt× TASKkθINDjt + ρR&D/Yjt
+τj + µt + ιi + εijkt,

where the lnWAGEijkt measured
variable denotes the hourly wage of in-
dividual i at time t in industry j and
occupation k. It depends on o�shoring
OSjt; task intensity TASKk ranging
from 0 to 1, where 1 implies the great-
est sum of non-routine and interactive
tasks. The control variables are demo-
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graphic status DEMOGit, workplace-
related characteristic WORKit, indus-
trial characteristic INDjt and the re-
search and development intensity of
industry R&D/Yjt. The error term
of industry, time and individual �xed
e�ects, as well as the remaining er-
ror term, are respectively denoted as
τj, µt, ιi and εijkt. This empirical anal-
ysis concludes that the workers are pre-
vented from the negative wage e�ect if
the task consists of a higher degree of
interactivity and non-routine content.

Challenge in o�shoring mea-

surement

According to Hummels et al. [16],
the o�shoring measurement must ex-
actly match all three core elements of
o�shoring. The �rst one is the interme-
diated inputs used for production but
not for consumption. The second el-
ement is the import inputs procuded
abroad but not domestically. Finally, it
is the inputs that could have been pro-
duced internally by the same �rm. The
second element is easy to measure us-
ing data while the two others pose the
challenge to o�shoring measurement.

The national trade statistics and
input-output tables

The popular approach that ex-
presses input-user element employs the
national trade data combining with
input-output (IO) tablese , World-
Input-Output-Database used in Fos-
ter et al. [13], OECD Input-Output
Database used in Hummels et al. [17].
While the trade data informs the level
of imports and exports, the IO tables
answer the question of whether the im-

ports are �nal goods or intermediated
inputs, by which sector and in which
proportion the inputs are used. The
main problem is that there is a lim-
ited number of countries reporting the
source country for the inputs in IO ta-
bles as well as the industry which the
inputs are used in trade data. To
tackle this problem, a solutions is sug-
gested by Feenstra and Hanson [14] with
a �proportionality assumption�. That
is, imports as a share of total sales
for the input are assumed to be dis-
tributed equally across sectors. More-
over, this paper also distinguishes be-
tween �narrow o�shoring� and �broad
o�shoring� in term of o�shoring mea-
surement. While the latter measures
the most comprehensive set of inputs
purchased by the �rm, the former re-
stricts to the inputs which are pur-
chased from the same two-digit industry
as that of producing �rm. The narrow
o�shoring is believed to be closer to the
essence of fragmentation, which neces-
sarily takes place within the industry.
The proportionality assumption, how-
ever, lies behind the widely used sugges-
tion of Hummels et al. [17], so-called a
measure of vertical specialization. This
concept involves the use of imported in-
puts in producing a country exported
goods and allows the measure to be eas-
ier taken to the data. National data is
publicly available and can be achieved
for a large number of countries. The
main weakness of this approach, how-
ever, is to specify which products are
intermediate inputs based on who the
user is.

e For examples: IO table is constructed from the Census of Manufactures data in Feenstra and
Hanson [20]
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The �rm-level data
To solve the weakness of using trade

data, many researchers employ the �rm-
level data for the o�shoring measure-
ment. The purpose of using the re-
port of trade activities of a speci�c �rm
to see which �rms are engaged in o�-
shoring with regard to intermediate in-
puts in production. Besides, using the
�rms industry classi�cations enables re-
search to account for compositional dif-
ferences within industrial. For instance,
Hummels et al. [18] employ �rm data of
the Firm Statistics Register (FirmStat)f

supplemented with additional data from
other �rm registers in statistic in Den-
mark. The o�shoring is measured by
the total value of merchandise imported
by manufacturing �rms. Furthermore,
the distinction between broad and nar-
row o�shoring depends on the output
and input mix of an individual �rm,
rather than an industry. This approach
is thought of as the �golden standard�
for accuracy; however, the �rm data is
not available for all countries and not
accessible to many researchers. Further-
more, the �rm-level datasets might lose
cross-country variation.

5 CONCLUSION AND DIREC-

TIONS FOR FUTURE RE-

SEARCH

The recent job polarization and
wage inequality, stimulated by empiri-
cal literature over the last two decades,
are successfully explained with the task
assignment framework. In task-based
approach, a task, not a skill, will be
directly participate in the production

of the �nal good. The classi�cation of
tasks associated with complementarity
and substitutability of technologies and
skill factors. A medium-skilled task can
be substituted while a low-skilled and
high-skilled task are complemented by
technology. Due to globalization, job
tasks can be moved from one country
to another and this is labelled as o�-
shoring. The wave of o�shoring has re-
cently grown and been mostly applied
to the medium-skilled tasks.

In the theoretical terms, this paper
has reviewed several studies in di�er-
ent academic disciplines, then discussed
an explicit model with an aim to of-
fer insights into the interaction among
skills, tasks, technology and o�shoring
in the labor market. Regarding empir-
ical analysis, a task assignment model
is also applied to the vast literature on
wage inequality of developed countries,
which obtain the similar results to the
models predictions, namely a decrease
in demand and wage of medium-skilled
groups. By critical reviewing empirical
research, this paper also identi�es some
major challenges in task measurement,
calculation of o�shoring and wage re-
gression. Besides, it also discusses the
advantages and disadvantages of di�er-
ent methods and propose solutions to
overcome these problems.

For future research, the e�ect of o�-
shoring on the employment rate could
be examined. Since in most recent stud-
ies, the task assignment model is placed
in a full-employment setting. It is inter-
esting to propose the task-based frame-
work setting in the economy with a
positive unemployment rate for which

f The data covers most of Danish �rm in the private sector from 1995 to 2006.
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not only real wage but also the so-
cial welfare need to be fully exam-
ined. Moreover, most empirical stud-
ies focus on o�shoring in high-skilled
labor in industrialized countries while
this research matter in developing coun-
tries tends to be overlooked by inter-
national researchers. Therefore, future
studies should develop a full theoreti-
cal model to analyze the o�shoring on
all three sets of tasks and test the ef-
fect of o�shoring on developing coun-

tries empirically, especially the coun-
tries whose both o�shored and o�-
shoring take place. Also, there should
be more studies to compare the impact
of bilateral cooperation on both part-
ner countries regarding o�shoring. By
so doing, policy recommendations could
be made not only for a single econ-
omy but also for the global economy
so that workers from di�erent industries
are protected from losing their wages in
both short and long term.
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