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Abstract

This paper explores a two-period model with complementarities between investment in/adoption

of new technologies and human capital accumulation/investment in education. Workers invest in

education in the first period and in the second period, entrepreneurs decide whether or not to adopt a

new technology. Multiple rational expectation equilibria exist: if workers believe that a large (small)

fraction of entrepreneurs will adopt the new technology next period, then their return to education

will be high (low) and accordingly the level of investment in education will be high (low) too.

Equivalently, entrepreneurs will adopt the new technology if the level of education is sufficiently

high. Two policies are considered for ensuring that a welfare improving high-technology equilibrium

will prevail, namely educational subsidies and immigration of high-skilled workers. A key result is

that a commitment to immigration of high-skilled is sufficient to ensure new technology adoption.

D 2004 Elsevier B.V. All rights reserved.

JEL classification: F22; O14; J24; O33; D24

Keywords: Educational subsidy; Human capital; Technology adoption; Immigration policy; Rational expectation

equilibrium

1. Introduction

Recent empirical evidence suggests that there exist complementarities between invest-

ment in/adoption of new technologies and human capital accumulation/investment in

education and that educated workers have a comparative advantage in acquiring and

implementing new technologies (Goldin and Katz, 1996; Bartel and Lichtenberg, 1987).
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This complementarity between technology and education can lead to a ‘simultaneity’

effect in the adoption of new technologies and investment in education. Since education

increases an individual’s ability to acquire, absorb and implement new technologies,

investment in education increases returns from adoption of new technologies relative to the

old technology. On the other hand, adoption of new technologies increases both demand

and wages for educated workers relative to the rest of the workforce (see Krusell et al.,

2000).1 Thus, workers’ decisions to invest in education and entrepreneurs’ decisions to

adopt a new technology may be interdependent.

Our paper formally models this interdependence between investment in education and

adoption of new technologies and explores the effects of immigration policy and

educational subsidies on the workers’ decisions to invest in education and the entrepre-

neurs’ decisions to adopt a new technology.2 A key result is that a commitment to

immigration of high-skilled workers is sufficient to ensure new technology adoption.

As in the work of Helpman and Rangel (1999), we distinguish between two forms of

investment in human capital: (a) investment in general education3 and (b) investment in

technology-specific human capital. A worker’s investment in technology-specific human

capital depends on the time he spends in working in that technology. Since a worker can

acquire technology-specific human capital by working in a particular technology, the more

time he allocates to general education, the less time he has for accumulation of technology-

specific human capital. We assume that each worker lives for two periods. In the first

period, he decides how much to invest in education and how much in technology-specific

human capital. In the second period, the output of the worker depends on the level of his

first period investments in education and technology-specific human capital and on the

type of entrepreneur with whom the worker is matched. We assume that matching between

workers and entrepreneurs is random and anonymous.4

The entrepreneurs can be of two types: those who adopt the new technology in the

second period and those who continue with the old technology. The new technology

arrives only in the second period and the old technology refers to the technology from the

first period. Due to the assumed random and anonymous matching between the workers

and the entrepreneurs, a worker’s decision to invest in human capital in the first period

depends on his beliefs concerning the technology adoption decisions of the entrepreneurs

in the second period. Since investment in education gives mobility to workers and

increases returns from the new technology relative to the old one, workers will invest

more in education when they expect more entrepreneurs to switch to the new technology

in the second period.
1 In explaining the East Asian ‘miracle’, Bhagwati (1996) observes that investments in new technologies and

education created a ‘virtuous cycle’ which led to the sustained long-term growth in these economies.
2 Both immigration policy and educational subsidies have been recently the focus of debate in some EU

countries. Our analysis integrates these two public policy issues and shows how they are interrelated. Borjas

(1994) considers the effect of immigration on the welfare of domestic workers, but not on their incentives to

invest in education.
3 Education in our model includes all education that improves managerial and/or technical knowledge of

workers.
4 Acemoglu (1997) also considers random matching and how it may influence investment in human capital.

Bardhan and Udry (1999) show, using a simple variant of Acemoglu’s model, that when labor markets are

imperfect, underinvestment in human capital and a lack of technological innovation can be mutually reinforcing.
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On the other hand, since higher level of investment in education by workers

increases returns from the new technology relative to the old one, entrepreneurs may

indeed adopt the new technology when the workers invest more in education.

Conversely, if more entrepreneurs are expected to stay with the old technology, workers

may devote more time in acquiring technology-specific human capital and less to

education as that would increase their expected returns from the old technology relative

to the new one. The consequent low investment in education may indeed lead the

entrepreneurs to decide not to switch to the new technology. Hence, the technology

adoption decisions of the entrepreneurs and the human capital investment decisions of

the workers are interdependent.5

We obtain two types of equilibria in our model. A high-technology rational expect-

ations equilibrium is obtained when workers expect all entrepreneurs to switch to the new

technology and accordingly they invest sufficiently more in education. A low-technology

equilibrium is obtained when the workers do not expect the entrepreneurs to switch to the

new technology and thus invest less in education and more in technology-specific human

capital.

A third type of equilibrium is also possible in which the entrepreneurs are indifferent

between switching and not switching to the new technology. However, we rule out this

type of equilibrium by introducing an additional behavioral assumption that an entrepre-

neur adopts the new technology whenever he is indifferent between the two technologies.

Due to the possibility of multiple rational expectation equilibria, the government may

have a role in coordinating the expectations of the workers and the decisions of the

entrepreneurs regarding the adoption of the new technology. We show that, through its

policies, the government can indeed Pareto improve welfare. One particular policy we

consider is commitment to immigration of educated or high-skilled workers. We show that

if the government commits to such an immigration policy, then the local workers will also

increase their investment in education and the economy will be lifted from the low-

technology to the welfare improving high-technology equilibrium. We also discuss an

alternative policy which is to subsidize education.6

Our paper differs from the existing literature in this area (e.g., Acemoglu, 1996;

Redding, 1996) in at least two respects. First, there is a distinction between two forms of

investment in human capital: investment in general education versus technology-specific

human capital. Second, and most importantly, we explore the interaction between

education and immigration policies which to the best of our knowledge has not been

considered in the literature.

The paper is organized as follows. Section 2 presents the model. In Section 3, we

characterize the optimization problems of the workers and the entrepreneurs. Section 4

proves the existence of the two types of equilibria. In Section 5, we analyze the welfare

implications of education and immigration policies. Section 6 draws the conclusion.
5 Redding (1996) extends Acemoglu’s (1994) search framework and also proves the existence of multiple

equilibria, the high and low innovative equilibria, where the high innovative equilibrium Pareto dominates the

low one.
6 Educational subsidies have been considered in the literature for raising investment in human capital, but

that they may also be necessary for coordinating the expectations of workers and entrepreneurs has not been

explored.
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2. The basic model

As mentioned earlier, we consider a two-period model. Each period consists of a

continuum of workers and entrepreneurs, each of measure one. Both workers and

entrepreneurs live for two periods. The lifetime preferences of both workers and

entrepreneurs are represented by the linear utility function7:

C1 þ bC2; ð1Þ

where Ci denotes consumption in period i = 1, 2 and 0 < b < 1 is the discount rate.

2.1. The workers

We assume that each worker has an endowment of one unit of time in each period.

Workers can use this endowment to acquire human capital in the first period. They can

acquire two types of human capital, either: (a) invest in general education or (b) in

technology-specific human capital (the effect of learning-by-doing in a particular tech-

nology). General education allows mobility across technologies in the second period and it

is applicable to any technology. On the other hand, technology-specific knowledge is

immobile and can only be applied to the specific technology. General education is costly

as a worker needs to invest his time to acquire it, whereas technology-specific human

capital is the learning-by-doing skills acquired on the job.

By considering two distinct types of human capital, we are able to introduce below a

model of production in which returns from the new technology need not be higher

compared to the old technology for all levels of investment in education by the workers.

This is a key feature of our model.

We assume that workers make their decisions to invest in education in the first period

before they enter the labor market. Let

L ¼ 1� v; ð2Þ

where v is the time spent on education. Then, L is the fraction of time spent working in the

existing technology. By working in the existing technology in the first period, workers

acquire technology-specific skills through learning-by-doing. Thus, young workers in the

first period become skilled in the second period and the level of skill depends on the

amount of time spent working in the technology in the first period.

2.2. The entrepreneurs

We assume that, like workers, the entrepreneurs are also ex-ante identical. The new

technology arrives at the beginning of the second period and can be adopted only in that

period. The entrepreneurs have the option of adopting the new technology or staying put

with the existing one. Each entrepreneur employs one worker to produce the output.
7 The assumption of linear utility function simplifies the analysis as it rules out intertemporal substitution in

consumption.



2.3. The output

The production function for the first period is defined as:

Y 1 ¼ AL ¼ Að1� vÞ; ð3Þ

that is, the first period output depends on the amount of labor employed and on the

productivity of the current technology, A>1.

In the second period, the output of an entrepreneur who stays put with the old

technology is given by

Y 2
S ¼ AðBð1� vÞ þ avhÞ: ð4Þ

The term B(1� v)( =BL) captures the learning-by-doing effect or the returns from the

investment in technology-specific human capital. Similarly, the term avh captures the

returns from investment in education. For this reason, we shall sometimes refer to B and a

as the returns to technology-specific human capital and education, respectively.

Since a worker lives for only two periods, he will not invest in education in the second

period and will work full time in that period. Since Y1 =A and YS
2 =AB when v = 0, we must

have B>1, that is, the second period output must be higher as the worker has acquired

technology-specific skills and works full time in the second period. Similarly, since Y1 =A

when L= 1 and YS
2 =Aa when v= 1, we must have a>1, that is, the second period output

must be higher than the maximum first period output as the worker has invested in

education and works full time in the second period. In fact, we assume that ha>B>1 and

0 < h < 1, as these conditions are both necessary and sufficient to ensure (i) dYS
2/dv =A

(�B + havh � 1)>0 or all va(0,1), that is, the second period output from old technology is

increasing with investment in education, and (ii) d2YS
2/dv2 < 0 that is, the marginal product

of investment in education is declining.

If an entrepreneur adopts the new technology, then the second period output is given by

Y 2
A ¼ A2avh: ð5Þ

Unlike Eq. (4), the term B(1� v) is missing from Eq. (5) reflecting our assumption that

technology-specific human capital is immobile and cannot be applied to the new

technology. Furthermore, the parameter A(>1 by assumption) represents the productivity

of the new technology.8 Clearly, the second period output from the new technology is

lower than from the old technology for low levels of investment in education, that is,

A(B(1� v) + avh)>A2avh for sufficiently small v.9 Furthermore, like YS
2, YA

2 is strictly

increasing and concave in v.
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8 We could have adopted an alternative definition, namely, YA
2 =CAav

h, where C>1 represents the productivity

of the new technology. But except for adding an additional constant in the calculations below, this does not affect

our analysis.
9 The following results are not affected if we assume more general production functions. The specific forms

assumed here, however, enable us to keep the analysis transparent.



2.4. Random matching

We assume that workers and entrepreneurs are randomly matched one to one in each

period after they enter the labor market so that no worker or entrepreneur is unemployed.10

Workers decide to invest in education in the first period before they enter the labor

market. In view of random matching, workers’ decisions to invest in education are based on

their beliefs regarding the technology adoption decisions of the entrepreneurs in the next

period. At the beginning of the second period, the entrepreneurs decide whether to adopt the

new technology based on the level of investment in education made by the workers in the

first period. After the entrepreneurs technology adoption decisions, workers and entrepre-

neurs are again randomly matched one to one.

As in the work of Acemoglu (1994), we assume that the surplus created in each period

from a match is divided between the entrepreneurs and the workers in fixed proportions. A

worker who is matched with entrepreneur i, produces output Yi and obtains Wi= aYi as his
income. The entrepreneur gets Ei=(1� a)Yi as his profit. The parameter a may be

interpreted as the relative bargaining strength of the workers.
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3. The decision problems

3.1. The entrepreneurs’ decisions

Each entrepreneur maximizes his lifetime utility taking as given the educational

investment decisions of the workers. Let E denote this utility. Then

E ¼ ½ð1� aÞY 1 þ bmaxfð1� aÞY 2
A ; ð1� aÞY 2

Sg	: ð6Þ

We can rewrite Eq. (6) as

E ¼ ð1� aÞ½Að1� vÞ þ bmaxfAðBð1� vÞ þ avhÞ;A2avhg	: ð7Þ

The decisions to adopt the new technology by the entrepreneurs depend on the relative

returns from the two technologies in the second period which in turn depend on the level
10 This means that there is a 100% separation at the end of the first period. The following analysis is not

affected if we assume the separation rate to be less than 100%.
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of investment in education made by the workers in the first period. An entrepreneur will be

indifferent between the two technologies if

B ¼ ðA� 1Þavh þ Bv: ð8Þ

Since A>1,B,a>0 and 0 < h < 1, the expression on the right of Eq. (8) is strictly

increasing, strictly concave, and strictly greater than B for v = 1 Let v* be the solution

to Eq. (8), that is, the level of investment in education that makes the entrepreneurs

indifferent between the old and new technologies. Then, 0 < v*< 1 as shown in Fig. 1 and

the entrepreneurs will adopt the new technology if and only if the level of investment in

education v is at least v*.

This means that for low levels of investment in education, the entrepreneurs will stay

put with the old technology, but for higher levels of investment in education, the

entrepreneurs will adopt the new technology. As stated earlier, this is a key feature of

our model that drives our results. If returns from the new technology were higher for all

levels of investment in education, then the entrepreneurs will always adopt the new

technology and the workers will not face any uncertainty regarding the technology in the

second period.
Fig. 1. High- and Low-Technology Equilibria.



3.2. The workers’ decisions

In the first period, a worker decides to invest in education so as to maximize his lifetime

(expected) utility

W ¼ aY 1 þ bðð1� pÞaY 2
S þ paY 2

AÞ; ð9Þ

where aY1 is the income he earns in the first period, aYS
2 is the income he will earn in the

second period if he is matched with an entrepreneur who does not adopt the new

technology, the probability of which is (1� p), and aYA
2 is the income he will earn if he

is matched with an entrepreneurs who adopts the new technology, the probability of which

is p. Since investment in education occurs before workers enter the labor market in the

second period, the decision to invest in education is based on the fraction of the

entrepreneurs, p expected to switch to the new technology. After substituting from Eqs.

(3)–(5) and rearranging the terms, we can rewrite Eq. (9) as

W ¼ a½Að1� vÞ þ bðð1� pÞABð1� vÞ þ aAðð1� pÞ þ pAÞvhÞ: ð10Þ

Using the first order conditions for optimization and rearranging the terms, a worker’s

utility maximizing level of investment in education is given by

vðpÞ ¼ bhaðpAþ ð1� pÞÞ
ð1þ bð1� pÞBÞ

� � 1
1�h

: ð11Þ

It is easily seen that W is strictly concave in v and the second order condition for a

maximum is satisfied. Since A>1 and 0 < h < 1, v(p) is strictly increasing with p. Therefore,
the highest value that v can attain is when p = 1. Substituting p = 1 in Eq. (11), it is seen

that the optimal level of investment in education by a worker in this case is

vH ¼ ðbhAaÞ
1

1�h : ð12Þ

Thus, if we assume bhAa < 1, that is, bh is sufficiently small, then we obtain an interior

solution for all values of p, and in order to avoid boundary problems, we assume

henceforth that this condition indeed holds. Note that the level of investment in education

is independent of B, the returns to technology-specific human capital.

For p = 0, that is, when the workers expect none of the entrepreneurs to adopt the new

technology, the optimal level of investment in education is the lowest and equal to

vL ¼ bha
1þ bB

� � 1
1�h

: ð13Þ

Note that in this case, the level of investment in education is independent of the

productivity parameter A.

P. Chander, S.M. Thangavelu / Journal of Development Economics 75 (2004) 79–9486
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There is one more value of p which is of special interest. This is when v(p) = v*. We do

not explicitly solve for it, but note from Eq. (11) that such a p must be unique. Let p*
denote this value, that is, v(p*) = v*.
4. The equilibria

Since both workers and entrepreneurs make their investment decisions before they enter

the labor market in the second period, our assumption of random matching in the labor

market means that the identity of one’s production partner is unknown and ex ante contracts

that make one party’s investment decision contingent on the other’s are not possible.

Moreover, since each worker and each entrepreneur act individually and independently,

agents are unable to make their decisions sequentially. Given this background, the

interdependence between the investment decisions of the two types of agents may result

in multiple equilibria. We employ the pure strategy Nash equilibrium solution concept to

solve for these rational expectations equilibria. In a rational expectations equilibrium, the

workers beliefs regarding the adoption of the new technology induce the workers to invest in

education at a level that is sufficient to induce the entrepreneurs to adopt the new technology

in accordance with those beliefs. Since all workers are identical, each worker’s level of

investment in education is the same in a rational expectations equilibrium. We show that

there exist three kinds of rational expectation equilibria.

Proposition 1. There exists a rational expectation equilibrium, which must be one of the

following three types: p=0 and vL < v*; p= 1 and vH>v* ; and p= p* and v(p*) = v*,

where v*, vL and vH are as defined above.

Proof. We first prove existence. If vH>v*, then (p = 1, v = vH) is a rational expectation

equilibrium, since workers’ investments in education are sufficiently high to induce all

entrepreneurs to adopt the new technology confirming the expectations of the workers.. If

vHV v*, then vL < v* since as shown earlier vL < vH. In this case (p = 0, v = vL) is a rational

expectation equilibrium, since the workers’ investments in education are so low that

indeed no entrepreneur adopts the new technology confirming the expectations of the

workers.

We have exhausted all the possibilities and shown that a rational expectation

equilibrium exists in each of the cases. This proves existence. 5

The arguments above not only prove the existence of a rational expectation equilibrium,

but also demonstrate the possibility of the first two types of equilibrium. We now exhibit

the possibility of the third type of equilibrium. In fact, it can arise in several different ways:

(i) vL= v*, in which case (p = 0, v = vL) is a rational expectation equilibrium as the

entrepreneurs, being indifferent between the two technologies, may indeed all stay with the

old technology; (ii) vH = v*, in which case (p = 1, v = vH) is a rational expectation

equilibrium as the entrepreneurs, being indifferent between the two technologies, may

indeed all adopt the new technology; and (iii) vL < v*< vH, in which case there exists a

p*a(0,1) such that (p = p*, v = v*)is a rational expectation equilibrium as an exact fraction
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p* of the entrepreneurs, all of whom are indifferent between the two technologies, may

indeed adopt the new technology.

As seen from our existence proof, all three types of rational expectation equilibria are

possible. The first type of rational expectation equilibrium arises when the workers expect

no entrepreneur to adopt the new technology. In this case, the following condition must

hold:

vL ¼ hba
1þ bB

� � 1
1�h

< v*; ð14Þ

that is, the workers’ investment in education is so low that no entrepreneur adopts the new

technology. From the definitions of v* (Eq. (8)) and vL (Eq. (13)), which show that v*(vL)

is increasing (decreasing) with B, it is seen that a sufficient condition for this type of

equilibrium to exist is

B 1� bha
1þ bB

� � 1
1�h

" #
> ðA� 1Þa bha

1þ bB

� � h
1�h

: ð15Þ

This inequality is satisfied if B is large and A is close to 1, that is, if returns from

investment in technology-specific human capital are high and productivity of the new

technology is low. In this equilibrium, workers have strong incentives to continue to work

in the old technology and not to invest enough in education. The entrepreneurs therefore

do not adopt the new technology.11 We shall, therefore, refer to this type of equilibrium as

the ‘low-technology’ equilibrium.

The second type of rational expectation equilibrium arises if

vH ¼ ðbhaAÞ
1

1�h > v*; ð16Þ

where, by assumption, bhaA < 1. From the definitions of v* (see Eq. (8)) and vH (see Eq.

(12)), which show that v*(vH) is decreasing (increasing) with A, it is seen that a sufficient

condition for this type of equilibrium to exist is

ðA� 1ÞaðbhaAÞ
h

1�h > Bð1� ðbhaAÞ
1

1�hÞ: ð17Þ

This inequality is satisfied if B is close to 1 and A is sufficiently large, that is, if the

returns from investment in technology-specific human capital are low and the productivity

of the new technology is high. We therefore refer to this type of equilibrium as the ‘high-

technology’ equilibrium.12
11 Economies in this equilibrium are characterized by a strong traditional sector which is able to pay high

wages that act as a disincentive for workers to invest in education.
12 This means that workers in economies characterized by low wages in the traditional sector are likely to

invest more in education if they expect adoption of new technologies. The East Asian ‘miracle’ may be explained

in these terms. Typically low wages in the traditional sector combined with the expectation of arrival of new

technologies of relatively high productivity may have spurred these economies to this type of equilibrium.
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For the existence of the third type of equilibrium, either Eq. (15) or Eq. (17) must hold

with equality or both the inequalities. 15 and 17 must hold simultaneously. Since v*

solves Eq. (8), v* is increasing with B and decreasing with A. Since vL is decreasing with

B, vL= v* for a suitable value of B. Similarly, vH = v* for a suitable value of A. Finally, as

seen from Eqs. (8), (12) and (13), we can choose the values of B and A to be sufficiently

large such that vH>v*>vL. Since v(p) = vH for p = 1 and v(p) = vL for p = 0 and v(p) is a

continuous in p, it follows that there exists a p* such that v(p*) = v*. This completes the

Proof of Proposition 1.

Note that each type of equilibrium is unique because the expected utility function of each

worker is strictly concave for each value of p fixed. We show below that an economy may

have however more than one equilibrium, that is, more than one type of equilibria may

coexist.

Equlibria of the third type require an exact fraction of the entrepreneurs to choose one

of the technologies even though they are indifferent between them. Equilibria of this type

are therefore unlikely to occur and are unstable. Even though such equilibria cannot be

ruled out as a technical possibility, they are not of much interest13 and we ignore them

henceforth. Furthermore, these equilibria can be ruled out even as a technical possibility

by making an additional behavioral assumption regarding the entrepreneurs which is that if

an entrepreneur is indifferent between the new and old technologies then he adopts the

new technology.14

Proposition 2. The rational expectation equilibrium is not unique.

Proof. Inequalities. (15) and (17) can be expressed jointly as

ðbhaAÞ
h

1�h

1� ðbhaAÞ
1

1�h

>
B

aðA� 1Þ >

bha
1þ bB

� � h
1�h

1� bha
1þ bB

� � 1
1�h

: ð18Þ

Notice that the expression on the left of this inequality is independent of the parameter

B and the expression on the right is independent of A. Moreover, the expression on the left

is increasing with A, whereas the expression on the right is decreasing with B. Therefore,

by choosing sufficiently high A and B while keeping the ratio B/(A� 1) constant, we can

find alternative solutions to inequality (18).

For example, let A= 2, h = 1/2, ba = 1. Since as noted earlier ha>B>1, h = 1/2 and

ba = 1, we must have bB < 1/2. Thus, take a = 7/2, B = 3/2, b = 2/7. It is easily seen that

inequality (18) is satisfied. The same is true also for the alternative set of values A= 5/2,

h = 1/2, ba = 1/2, a = 5, B = 9/4, b = 1/10. This proves Proposition 2. 5
13 As pointed out by an anonymous referee, however, this type of equilibria may explain the empirical fact

that both new and old technologies may coexist.
14 This is analogous to the assumption often made in the incentive literature (see, e.g. Chander, 1993) that if

an agent is indifferent between misrepresenting preferences and telling the truth, then the agent tells the truth.
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Proposition 2 shows that multiple equilibria may coexist for a wide range of values of

the parameters. It also shows when the equilibrium may be unique and of which type: it is

high-(low-) technology equilibrium if A and a are high (low) relative to B.
5. Government policies and economic welfare

The possibility of a low-technology rational expectations equilibrium leads us to

consider government policies that can improve welfare. The government may either

subsidize education or may raise through its policies the workers’ expectations regarding

the adoption of the new technology so as to increase their investment in education and

attain the welfare improving high-technology equilibrium. We consider both types of

policies. But first we prove the following.

Proposition 3. The high-technology equilibrium Pareto dominates the low-technology

equilibrium if the parameters a (i.e. the returns from investment in education) and A (i.e.

the productivity of the new technology) are sufficiently high.

Proof. Each worker’s expected utility in the low-technology equilibrium is given by

WL ¼ a½Að1� vLÞ þ bAðBð1� vLÞ þ avh
L	 ð19Þ

and in the high-technology equilibrium by

WH ¼ a½Að1� vHÞ þ bA2avh
H	: ð20Þ

Thus, the expected utility in the high-technology equilibrium is higher if

bBð1� vLÞ þ ðvH � vLÞ < baðAvh
H � vh

LÞ: ð21Þ

which after substitution from Eqs. (12) and (13) can be rewritten as

ð1� hÞh h
1�hðbaÞ

1
1�h A

1
1�h �

�
1

1þ bB

� h
1�h

" #
> bB: ð22Þ

Clearly, this inequality is satisfied if both a and A are sufficiently high. Since output is

shared in fixed proportions in each period among the workers and the entrepreneurs, the

high-technology equilibrium Pareto dominates the low-technology equilibrium for

sufficiently high values of a and A. 5

5.1. Educational subsidies

Let s be the rate of educational subsidy. Then it is easily seen that a worker’s optimal

investment in education, if he does not expect the entrepreneurs to adopt the new

technology (i.e. p = 0) is given by

vs ¼
bha

1þ bB� s

� � 1
1�h

: ð23Þ
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Clearly, the educational subsidy has a positive impact on the level of investment in

education by the workers. The level of subsidy required to shift the economy from the low-

to the high-technology equilibrium can be calculated by substituting vs in the above

equation. By definition (Eq. (8)), v* is an increasing function of the parameter B, whereas

vs is decreasing with B. It follows that the higher is B, that is, the higher is the return from

investment in technology-specific human capital, the higher would be the subsidy

required. Proposition 3 shows that the high-technology equilibrium may Pareto dominate

the low-technology equilibrium. It may therefore seem that subsidizing education would

Pareto improve the welfare. This intuition is however not entirely correct.

Note first that a worker’s lifetime utility depends only on the amounts of outputs

consumed and investment in education is not a consumption good, but an input in the

production of the consumption good. Accordingly, it does not appear in the lifetime utility

of the agents. Thus, the expenditure on educational subsidy is a direct resource cost and

not a transfer to the workers.

Proposition 4. Suppose the subsidy on education is financed through a uniform

proportional income tax. Let the economy be currently in the low-technology equilibrium.

Then the educational subsidy which is sufficient to shift the economy to the high-

technology equilibrium may reduce welfare.

Proof. Let s be the required rate of subsidy and let t be the uniform proportional income

tax rate necessary for financing the subsidy. Then tA(1� v*) = sv* and a worker’s tax

payment is equal to taA(1� v*) or asv*. Suppose contrary to the assertion that the subsidy

is welfare improving. Then from Eqs. (19) and (20), we have

Að1� v*Þ þ bA2aðv*Þh � sv* > Að1� vLÞ þ bðAðBð1� vLÞ þ avh
LÞ: ð24Þ

This inequality follows from the fact that a worker’s lifetime utility in the high-technology

equilibrium when his investment in education is v* minus his tax payment, asv*, must be

higher than his lifetime utility in the low-technology equilibrium if the subsidy is welfare

improving. This inequality can be rewritten as

bBð1� vLÞ þ vH � vL < baðAðv*Þh � vh
LÞ þ vH � v*� sv*

A
: ð25Þ

This inequality is harder to satisfy than inequality (21) which is a necessary condition

for welfare to be higher in the high-technology equilibrium. In particular, suppose v*= vH
and Eq. (21)/Eq. (22) holds with equality, then Eq. (25) will clearly hold in the reverse.

Since the expressions in the inequality. (21)/inequality. (22) are continuous, Eq. (25) will

hold in the reverse even if Eq. (21)/Eq. (22) is strict. This proves that the educational

subsidy may reduce welfare even when the high-technology equilibrium Pareto dominates

the low-technology equilibrium.

Furthermore, if the workers’ expectations change with the announcement of subsidy and

they anticipate that all entrepreneurs will switch to the new technology, then the workers’

investment in education will indeed be equal to vH and not v*. Therefore, by the argument

just presented, the educational subsidy may reduce welfare. This completes the

proof. 5
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It should however be noted that the above proposition only shows that the educational

subsidy will reduce welfare when the gains from the high-technology equilibrium are

small. It comes directly from the fact that the expenditure on educational subsidy is a direct

resource cost and not a transfer to the workers.

5.2. The immigration policy

We now consider an alternative policy in that the government may commit to a

credible immigration policy in the first period which allows the entrepreneurs to employ

high-skilled workers from abroad in the second period if such workers are not available in

the domestic labor market.15 We assume that there exists a large pool of such workers

available internationally.16 Commitment to such a policy will have a positive impact on

the incentives of the entrepreneurs and all of them will switch to the new technology in

the second period. This in turn should change the expectations of the domestic workers

regarding the adoption of the new technology from p = 0 to p = 1 and thus induce them to

increase their investment in education from vL to vH thereby eliminating the actual need

for high-skill immigrants. Unlike the educational subsidy, there is no resource cost or

welfare loss associated with commitment to such an immigration policy.
6. Concluding remarks

Our paper analyses the interdependence between technology adoption and investment in

education and its effect on welfare. Our analysis suggests that commitment to immigration

of high-skilled is sufficient to shift the economy from the low-technology to the welfare

improving high-technology equilibrium, as it induces the entrepreneurs to adopt the new

technology and the workers to invest more in education. The result that such a commitment

may eliminate the need for actual immigration is a consequence of our simplifying

assumption that the economy has a single production sector. In general, there may be

several production sectors with a new technology for each, which require different levels of

skills. In such a case, commitment to high-skill immigration may reduce but not eliminate

the need for high-skill immigrants and an educational subsidy may be needed to reduce it

further. A lower educational subsidy may mean a higher demand for high-skill immigrants

as the local workers would invest less in education. This means that there exists a trade-off

between educational subsidies and the level of immigration.

The case for this trade-off is reinforced further by the findings in the literature on fiscal

implications of immigration. For example, Storesletten (2000) reports that admitting
15 More specifically, the entrepreneurs will have the option to employ high-skilled immigrants after the

matching has occurred in the second period. Such an immigration policy is in fact practiced in the US with a well-

defined procedure for verifying that no similarly educated local worker is available.
16 This simplifying assumption enables us to assume that the distribution parameter a is exogenous. If the

pool of such workers is limited, a may rise with adoption of the new technology and thereby reduce the

incentive of the entrepreneurs to adopt the new technology but increase the incentive of the workers to invest in

education.
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young high-skilled immigrants represents a net fiscal gain to the host county, so that with a

substantial immigration, the income tax rates can be reduced. Proportional (or progressive)

income taxes discourage education (a negative s), and a tax cut is therefore effectively an

increased incentive to pursue education (a less negative s). Thus, admitting high-skilled

immigrants will actually stimulate investment in education through two different chan-

nels—the technology adoption channel emphasized here and through a lowering of

income taxes.

Our static analysis can be extended to a dynamic model with non-overlapping

generations in which the productivity parameter at time t is given by Aebt, where b

denotes the (exogenous) rate of innovation. Accordingly, Eq. (8) is modified as

B=(Aebt� 1)avh +Bv. Let v*(t) denote the solution to this equation. Then the economy

will be in a low-technology equilibrium at time t if

vL ¼ bha
1þ bB

� � 1
1�h

< v*ðtÞ: ð26Þ

This is so because as in the static model vL is independent of the productivity parameter

and an entrepreneur’s optimization problem is similar. As compared to the static model,

however, the educational level that makes the entrepreneurs to switch to the new

technology is lower and decreasing overtime, since Aebt>A. This means that innovation

of new technologies over time with higher and higher productivity may induce the

entrepreneurs at some point to switch to the new technology and a high-technology

equilibrium may come to prevail on its own.

The strong economic growth in the US during the 1990s seems to be consistent with

our analysis. The immigration reforms17 introduced in 1990 may have been responsible

for the subsequent higher investment in education. As seen from the U.S. Census Bureau

data , while the number of citizens with only high school education fell in each age group,

the number of citizens with college education rose rapidly during the 1990s which

indicates a shift in favor of higher education. This and the fact that there was also rapid

adoption and implementation of new technologies during the 1990s seem to confirm our

analysis.
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