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Abstract

Using �search�theory, technology adoption is conceived of as a critical factor in the aftermath
of a technological shock, which increases employment in the leading sectors and total output in
the economy. These implications are further investigated in the present paper, both formally
and empirically. Our attempt to investigate this hypothesis empirically across ten OECD
countries, appears to provide various a¢ rmative results.
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1 Introduction

There is little doubt that technological advances constitute one of the most important channels that

enables an economy to follow a novel evolutionary path. This, indeed, is almost an article of faith

for the various models of economic growth, especially those developed in the strand of endogenous

growth theory.1 At the heart of this theory there is a sector that deliberately produces technological

�Corresponding author: Peter Nijkamp, Department of Spatial Economics, VU University, De Boelelaan 1105,
1081 HV Amsterdam, The Netherlands. E-mail: p.nijkamp@vu.nl. The �ndings, interpretations and conclusions are
entirely those of the authors and do not necessarily represent the o¢ cial position, policies or views of the Ministry
of Rural Development and Foods and/or the Greek Government.

1Romer (1990) developed a most instructive model in this area. Thoughtful surveys of this �eld include Pack
(1994) and Fine (2000).
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innovations.2 This sector combines human capital with the existing stock of knowledge to produce

new knowledge, which enhances productivity, and is available to other sectors of the economy at

virtually zero marginal cost (Stern, 1991). This approach is known as �innovation-driven�growth

(e.g. Andolfatto and MacDonald, 1998; Jovanovic and MacDonald, 1994). Next to technogenesis,

there is increasing attention for the follow-up trajectory, in principal dissemination channels and

technology adoption mechanisms; a process of paramount importance. But how can this process

be measured? The term �technology adoption�appears to mean many things to many people, and

a great number of theoretical/empirical approaches have been used to account for this process.

Following Romer (1990), technological change in an economy is the result of the number of workers

employed in innovative and technologically advanced sectors. Along those lines, several authors use a

parallel way to approximate the process of technology adoption.3 Closely related to this argument is

the contribution of advanced and dynamic technological sectors in driving the process of technology

adoption. In other words, this approach involves identifying those sectors which are perceived to

be the most receptive to innovation and its utilization. From this perspective, such sectors act

as the �leading�sectors in an economy (e.g. Dosi et al., 1988, 1990; Cohen and Levinthal, 1990).

This view accepts the argument that �leading�sectors promote the evolution of the economy as a

whole, which constitutes also our point of departure. The underlying motivation for our study stems

from an �input-approach�model based on the premise that the process of technology adoption is

re�ected through the impact of an exogenous technological shock on employment in leading sectors.

We should emphasize at the outset that the technological shock is assumed to be exogenously

determined since our primary concern is to elaborate upon the mechanics of technology adoption,

rather than to study the impact of this process on economic growth. Therefore, it might prove

more instructive to focus on the aftermath of a technological shock. The key to the understanding

of this lies in a thorough comprehension of the nature of the impact on the human resources in

leading sectors.

An exogenous technological shock results in an increase in relative sectoral productivity and

induces workers with suitable abilities to be employed in technologically advanced sectors. This

2This approach stems from the earlier contribution of Schumpeter (1934). Even though frequently criticized (for
a more detailed review, see Andersen, 1996), it has been widely applied in the recent literature on economic growth.

3For example Gripaios et al. (2000) select four high technology industries, as de�ned by the OECD: namely,
aerospace, pharmaceuticals, TV-radio and communication equipment, and computer and o¢ ce equipment. A similar
sectoral selection is proposed in several other studies (e.g. Plummer and Taylor, 2001a; 2001b; Andonelli, 1990;
Alderman, 2004; Alderman and Fischer, 1992).
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provides an alternative way forward in approximating technology adoption. To do so, a solid micro-

economic �tool-kit�is at our disposal: namely, �search�theory4 , which forms the central conceptual

apparatus for our approach. This theory is well established in contemporary economics. Using

this framework, Mortensen and Pissarides (1998, 1999), for example, examine the impact of, ex-

ogenous technological shocks on unemployment. However, the process of technology adoption itself

is not examined in their study, at least not in an explicit way.5 Nevertheless, �search�theory al-

lows an alternative interpretation of the impact of an exogenous technological shock on the level of

employment in skill-based (leading) sectors: namely, adoption of technology.

To complete this introduction, a �nal point is in order. This paper aims to make a contribution to

the existing literature on the adoption of technology in relation underlying mechanisms by building

upon �search theory�. To the best of our knowledge, the application of such an approach is rather

rare in the literature concerning the e¤ects of technology adoption.

In order to achieve our aim, this paper is divided into four subsequent sections. The structure

of the model is outlined in Section 2, while the transitional dynamics are examined in Section 3.

Next, the theoretical framework is empirically tested using an extensive dataset from 10 OECD

countries. Data related issues are discussed in Section 4, and the model is submitted to the usual

econometric tests yielding the main �ndings. Section 5 concludes the paper, and suggests areas for

further research.

2 Modelling Technology Adoption in a �Search and Match-
ing�Framework

2.1 Structure of the Model

A primary concern of this paper is to investigate the mechanisms of the technology adoption in a

one-sided �search-and-matching�context with a two-level ex-ante heterogeneity of workers.6 Given

that the adoption of technology can be encapsulated in the employment in �leading�sectors, it is

more appropriate to consider a �sectoral�approach. In other words, the economy is subdivided into

4For a more detailed survey see Rogerson et al. (2005)
5Some interesting aspects of technology adoption can be found in the work of Linn (2008) concerning energy-

saving technologies while Bandiera and Rasul (2006) examine the process of technology adoption in agriculture. Weel
(2006) attempts to introduce the issue of technology di¤usion in a context of labour market dynamics. This analysis
however, is mainly empirical without an explicit theoretical background.

6The e¢ ciency of a similar two-sided search model has been examined recently by Eleftheriou (2010). However,
the aspect of technology adoption is not examined in this framework.
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two sectors, a �traditional�and a �leading�one. In this model, total production in the economy is

undertaken by two sectors, labelled by 1 and 2. It becomes of crucial importance, therefore, to

determine which is the leading sector of the economy. Although there is a multiplicity of criteria

identifying a sector as �leading�in the present context, it su¢ ces to state that the distinctive feature

between the two sectors is de�ned in terms of productivity. Assuming that the leading sector o¤ers

more facilities, then workers with equal skills/abilities will be more productive in the �leading�

sector, relative to the �traditional�one. This assumption has important implications for analyzing

the e¤ects of an, exogenously, determined technological shock7 that increases the level of relative

productivity. Prior to this, however, some assumptions that characterize the labour market of the

economy are necessary. To be more precise, we assume a discrete-time, one-sided search model of the

labour market8 with risk neutral and in�nite-lived workers. The number of workers participating in

the market is normalized to unity. Each individual is endowed with a two-dimensional skill vector9

a =

24 a1

a2

35, where a1 and a2 are independent random variables, uniformly distributed over the

interval [0; 1]. An individual with a skill vector a employed in Sector i has a level of productivity,

which we subsequently denote as kiai, i 2 f1; 2g, with ki = k > 1 if i = 1 and ki = 1 if i = 2. The

parameter k is a pre-determined factor that augments relative productivity between the two sectors.

Given that productivity is higher in Sector 1 relative to Sector 2, it follows that the former sector

can be conceived as the �leading�sector of the economy, which is ensured by the assumption that

k > 1. Acknowledging the idea that a technological shock induces an increase in k, it is reasonable

to assume that this will have an impact upon the employment decisions of workers in each sector.

In order to proceed further however, some additional assumptions are necessary. The rate at which

a worker gets an o¤er to work in Sector 1 is �', where � 2 (0; 1) is a Poisson arrival rate of a job

o¤er, while ' is the probability that this o¤er comes from Sector 1 (stated alternatively, Pr(S1 j S1
[ S2) = ', where S1 and S2 denote the event of an o¤er from Sector-1 and Sector-2, respectively).

Hence, a worker gets a job o¤er in Sector 2 at a rate �(1 � '). There is no on-the-job search;

individuals cannot be employed simultaneously in both sectors; and they can be either in a state

of employment or unemployment. Workers and �rms discount the future at the same rate r, while

7A �technological shock�may occur within an economy, i.e. endogenously. However, our perspective is the process
through which a technological shock is absorbed and di¤used across the sectors of an economy.

8An early treatment of such model can be found in McCall (1970).
9This assumption incorporates the notion of skill �bundling�. A more detailed exposition of this notion, together

with its implications in workers�decisions, can be found in the early work of Roy (1951) and its subsequent extensions
by Heckman and Sedlacek (1985) and Heckman and Scheinkman (1987).
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the lay-o¤ rate is exogenously determined and equal to �, with �; r 2 [0; 1]. A �nal assumption is

that the �ow value of leisure, b, is equal to zero.10

2.2 Decision Making, Classi�cation of Individuals and Reservation In-
come

Maintaining the �search�theory as the basic vehicle of analysis, the process of individuals�decision

making can be described as follows: Let U(a) be the value of unemployment for an individual

endowed with skills a1; a2, and Wi(a) denote the value of being employed in Sector i.

The Bellman equation for the value of unemployment for a worker with skills a1; a2 is written

as follows:

rU(a) = �'max[W1(a)� U(a); 0] + �(1� ')max[W2(a)� U(a); 0] (1)

The respective value of employment for a worker with skill vector a in Sector i is given by:

rWi(a) = kiai + �[U(a)�Wi(a)] (2)

The assumption that the labour market is characterized by perfect competition is made explicit

by equation (2), and consequently workers are paid their marginal products. More formally, the left-

hand-side of equation (2) indicates the �ow value of being employed, kiai is the wage/productivity;

and the product of the lay-o¤ rate (�) with the di¤erence of being employed and unemployed

([U(a)�Wi(a)]) constitutes the instantaneous capital loss from a job separation. Thus, individuals

form reservation values for a1, a2; if there is a capital gain from changing states, de�ned as Wi(a)�

U(a) � (<)0, then an individual will accept (reject) a job o¤er in Sector i. More speci�cally, an

individual with ability vector a will accept a job in Sector i, if and only if kiai � rU(a); an outcome

that can be derived using equation (2). If ka1 � (<)a2 and the latter condition holds for a2 (ka1),

then this will hold for ka1 (a2) too.

Lemma 1 Workers will always accept at least one type of job
10This assumption is necessary in order to avoid the existence of individuals who do not participate in the labour

market. Such a restriction can be considered as a participation constraint. Imposing a value of b 6= 0 accounts for
workers who do not participate in the labour market, i.e. discouraged workers. This however, does not alter the
generalization of the model, as far as the process of technology adoption is concerned.
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Proof. Assume that ka1 � (<)a2. This implies that, if W1(a) < U(a) (W2(a) < U(a)), then

W2(a) < U(a) (W1(a) < U(a)). If W1(a) < U(a) (W2(a) < U(a)), then using equation (1),

rU(a) = 0. This, with the aid of (2), yields: W1(a) < U(a) (W2(a) < U(a)) if a1(a2) < 0. However,

by de�nition this does not hold. Q.E.D.

Lemma 2 Individuals accept only Sector 1 (2) jobs if and only if a2 � a2R(a1) =
�'ka1
�'+r+� (a1 �

a1R(a2) =
�(1�')a2

[r+�+�(1�')]k ), where 0 � a1 � 1 (0 � a2 � 1)

Proof. Bearing in mind the discussion above and Lemma 1, a value of a2 = a2R has to be

determined such that ensures the identity W2(a) = U(a), which by substituting into equation (2),

yields:

W2(a) = U(a) = a2R=r (3)

Using (1), (2) and (3) gives a2R(a1) =
�'ka1
�'+r+� . A similar process can be implemented to show

that a1R(a2) =
�(1�')a2

[r+�+�(1�')]k . Q.E.D.

To sum up, individuals can be classi�ed into three categories:

i) Individuals with 0 � a1 � â1; a2R < a2 < a�11R; and â1 < a1 � 1; a2R < a2 < 1, accept Sector

1 and Sector 2 jobs11 ;

ii) Individuals with 0 � a1 � 1; 0 � a2 � a2R accept only Sector 1 jobs;

iii) Individuals with 0 � a2 � 1; 0 � a1 � a1R, accept only Sector 2 jobs.

Figure 1 illustrates those categories. The horizontal axis measures a1, while a2 are in the vertical

axis. Generally, points close to axis a1 (a2) indicate that workers are more specialized in Sector 1

(2). Along the grey solid line a2 = ka1. Workers below (above) that line are more (less) productive

in the �leading�Sector 1. The solid black line is the graph of a�11R, and the dashed line is the graph

of a2R. Workers with a1; a2, below a2R accept jobs only in Sector 1, i.e. the sector in which they are

specialized. Similarly, as our assumptions require, individuals with a1; a2, above a
�1
1R accept only

Sector 2 jobs, a sector in which they are more productive. On the other hand, the area between

the a�11R and a2R lines indicates the possibility of a mismatch.12 In particular, although workers

in the area between the lines a�11R and a2 = ka1 accept o¤ers from both sectors and although they

are more productive in Sector 2, there is a possibility to �nd themselves working in Sector 1. The

11where a�11R is the inverse function of a1R, â1 =
�(1�')

[r+�+�(1�')]k and a
�1
1R(â1) = 1).

12For an alternative view of mismatch situation within a labour market matching model with heterogenous workers,
see Mukoyama and Şahin (2009).
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situation in which workers specialized in Sector 1, accept job o¤ers from both sectors, but they may

work in Sector 2 is indicated by the area between the lines a2 = ka1 and a2R. One further point

is worth noting in Figure 1. An exogenous technological shock brings an increase in k, which will

rotate all lines upwards along the origin. The area below a2R will increase, while the area above

a�11R will decrease. In other words, this signi�es an increase in the workers who accept o¤ers only

from the leading Sector 1. This, together with a decrease in the workers who accept o¤ers only

from Sector 2, can be considered an approximation of the adoption of technology by the economy

that will, eventually, lead to a new steady state; a situation of particular interest which is examined

next.

Figure 1: Employment Possibilities in a Two Sector Economy with Two Levels of Ex ante

Heterogeneity
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3 Transition Dynamics and Steady States

What is the aftermath of a �technological shock� in the steady state of the economy portrayed

above? As argued in the previous section, a �technological shock�can be deemed as an increase in

the key element of the model, k. Combining this with the assumption that Sector 1 is the leading

sector, such a shock is biased towards this sector, and as a result the productivity of Sector 1 will

be increased relative to Sector 2. The critical question, however, as far the process of technology

adoption is concerned, is how workers will react as a result of a technological shock. Given Lemma

1 and 2, a Sector 1 biased �technology shock�leads to the following result:

RESULT 1. A Sector 1 biased technology shock increases (reduces) a2R (a1R): namely, more

(less) individuals prefer to work only in Sector 1 ( 2 ).

Let �t(a) and gt(a) be the densities of unemployed and employed individuals with skill vector a

at time t, respectively, satisfying the restriction f(a) = �t(a) + gt(a), where f(a) = 1 is the density

of the total population. Throughout time, unemployed individuals with 0 � a1 � 1; 0 � a2 � a2R,

are employed at rate �', whereas a fraction � of them become unemployed. In this light, gt(a) +

�'�t(a)� �gt(a) is the stock of employed individuals with 0 � a1 � 1; 0 � a2 � a2R, at the end of

a given time period. A similar approach can be used to de�ne the stocks of employed individuals

with 0 � a2 � 1; 0 � a1 � a1R and 0 � a1 � â1; a2R < a2 < a�11R and â1 < a1 � 1; a2R < a2 < 1.

Thus, the stock of employed individuals with skill vector a evolves as follows:

gt+1(:) =

8>>>>>><>>>>>>:

(1� � � �')gt(:) + �'f(:), for 0 � a1 � 1; 0 � a2 � a2R
(1� � � �)gt(:) + �f(:), for 0 � a1 � â1; a2R < a2 < a�11R

and â1 < a1 � 1; a2R < a2 < 1

[1� � � �(1� ')]gt(:) + �(1� ')f(:), for 0 � a2 � 1; 0 � a1 � a1R

(4)

Consider an initial distribution g0(:). Solving the set of di¤erence equations in (4), the

evolution of the distribution function gt(:) is written as follows:
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gt(:) =

8>>>>>>>>>>>><>>>>>>>>>>>>:

(1� � � �')tg0(:) + [1� (1� � � �')t] �'
�'+�f(:),

for 0 � a1 � 1; 0 � a2 � a2R
�tg0(:) + [1� �t]�f(:),

for 0 � a1 � â1; a2R < a2 < a�11R and â1 < a1 � 1; a2R < a2 � 1

[1� � � �(1� ')]tg0(:) + [1� (1� � � �(1� '))t] �(1�')
�(1�')+�f(:),

for 0 � a1 � â1; 1 � a2 � a�11R

; (5)

where � = (1� � � �) and 0 < � = �
�+� � 1:

Equation (5) implies that gt ! g, as t ! 1. Consequently, the steady-state distribution

of employed individuals g is de�ned in the following terms:

g(:) =

8>>>>>><>>>>>>:

�'
�'+�f(:), for 0 � a1 � 1; 0 � a2 � a2R
�f(:), for 0 � a1 � â1; a2R < a2 < a�11R

and â1 < a1 � 1; a2R < a2 < 1
�(1�')
�(1�')+�f(:), for 0 � a2 � 1; 0 � a1 � a1R

(6)

Another related issue to be considered is the long-run employment in each sector. This can be

determined by the steady state distribution of employed individuals. To be more precise, equation

(7) gives the individuals employed in Sector 1 in steady state:

N1 =

Z 1

0

Z a2R

0

[(�')=(�'+ �)]da2da1 +

'

(Z â1

0

Z a�11R

a2R

�da2da1 +

Z 1

â1

Z 1

a2R

�da2da1

)
(7)

Similarly, employment in Sector 2 will be:

N2 =

Z 1

0

Z a1R

0

[(�(1� '))=(�(1� ') + �)]da1da2 +

(1� ')
(Z â2

0

Z a�12R

a1R

�da1da2 +

Z 1

â2

Z 1

a1R

�da1da2

)
(8)
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where a�12R is the inverse function of a2R and â2 =
�'k

�'+r+� with a
�1
2R(â2) = 1.

Output in Sectors 1 and 2 in the steady-state are given by equations (9) and (10), respectively:

Y1 = k

24 R 1
0

R a2R
0

a1[(�')=(�'+ �)]da2da1+

'
nR â1

0

R a�11R
a2R

a1�da2da1 +
R 1
â1

R 1
a2R

a1�da2da1

o 35 (9)

Y2 =

Z 1

0

Z a1R

0

a2[(�(1� '))=(�(1� ') + �)]da1da2 +

(1� ')
(Z â2

0

Z a�12R

a1R

a2�da1da2 +

Z 1

â2

Z 1

a1R

a2�da1da2

)
(10)

It can be easily shown that N1; Y1 increase in k, whereas N2; Y2 decrease in k .

Once this knowledge is introduced, the next important step forward is to describe the transition

process of sectoral employment and output after a Sector 1 biased technological shock. Thus,

N1t =

Z 1

0

Z a2R

0

�'

�'+ �
da2da1 +Z 1

0

Z a
0
2R

a2R

�
[1� � � �']t �'

� + �
+ [1� (1� � � �')t] �'

�'+ �

�
da2da1 +

'

24 R â10 R a�11R
a
0
2R

�da2da1 +
R â01
0

R a�101R

a�11R
[1� �t]�da2da1+R â1

â
0
1

R 1
a�11R
[1� �t]�da2da1 +

R 1
â1

R 1
a02R

�da2da1

35 (11)

N2t =

Z 1

0

Z a
0
1R

0

�(1� ')
�(1� ') + � da1da2 +Z 1

0

Z a1R

a
0
1R

�
�t

�(1� ')
�(1� ') + � + (1� �

t)
�(1� ')
� + �

�
da1da2 +

(1� ')

24Z â
0
2

0

Z a�1
0

2R

a1R

�da1da2 +

Z 1

â
0
2

Z 1

a1R

�da1da2

35 (12)
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Y1t =

Z 1

0

Z a2R

0

k0a1
�'

�'+ �
da2da1 +Z 1

0

Z a
0
2R

a2R

k0a1

�
[1� � � �']t �'

� + �
+ [1� (1� � � �')t] �'

�'+ �

�
da2da1 +

'

24 R â1
0

R a�11R
a
0
2R

k0a1�da2da1 +
R â01
0

R a�101R

a�11R
k0a1[1� �t]�da2da1

+
R â1
â
0
1

R 1
a�11R

k0a1[1� �t]�da2da1 +
R 1
â1

R 1
a02R

k0a1�da2da1

35 (13)

Y2t =

Z 1

0

Z a
0
1R

0

a2
�(1� ')

�(1� ') + � da1da2 +Z 1

0

Z a1R

a
0
1R

a2

�
�t

�(1� ')
�(1� ') + � + (1� �

t)
�(1� ')
� + �

�
da1da2 +

(1� ')

24Z â
0
2

0

Z a�1
0

2R

a1R

a2�da1da2 +

Z 1

â
0
2

Z 1

a1R

a2�da1da2

35 (14)

where k0 > k and a
0

2R =
�'k0a1
�'+r+� ; a

�10
1R = [�(1�')+r+�]k0a1

�(1�') ; â
0

1 =
�(1�')

[r+�+�(1�')]k0 ; a
0

1R =
�(1�')a2

[�(1�')+r+�]k0 ; a
�10
2R =

[�'+r+�]a2
�'k0 ; â

0

2 =
�'k0

�'+r+� :

The model developed so far, implies three further important results:13

RESULT 2. Following a Sector 1 biased technological improvement, the new steady state is

characterized by: (i) greater employment level and output in Sector1 and lower employment level

and output in Sector 2 (ii) increased aggregate output.

This result is of particular importance for describing the process of technology adoption since

it implies that even if employment in the �traditional�sector decreases as a result of the shock, the

total output of the economy will be increased.

RESULT 3. In the impact period of a Sector 1 biased technological advance: (i) employment in

Sector 1 declines relative to the trend (and remains unchanged absolutely); (ii) output in Sector 1

declines relative to the trend (and rises absolutely); (iii) employment and output in Sector 2 rises

relative to the trend (and declines absolutely).

RESULT 4. Following the impact period of a Sector 1 biased technological advancement: Sectoral

employment and output converge monotonically to the new steady state.

13See the Appendix for a more detailed mathematical treatment.
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Using reasonable values for the parameters of the model: namely, � = 0:7, ' = 0:2, r = 0:05,

� = 0:2, k = 1:1 and k
0
= 1:3, it is possible to illustrate the above results schematically. To be more

speci�c, Results 2 and 3 can be depicted by a set of �ve Figures (2-6). Time is measured in the

horizontal axis. The shock takes place during the period t = 0: Time periods previous (after) to this

shock are indicated by negative (positive) numbers. The aftermath of the shock, as encapsulated

by the Result 4, is depicted by Figures 7 to 10, which elucidate the convergence behavior of the

Sectoral employment and output towards the new steady state.

20 15 10 5 0 5 10 15 200.155

0.16

0.165

0.17

0.1750.174

0.157

N 1 t( )

2020− t

Figure 2. Employment in Sector 1,

Before and After the Shock

20 15 10 5 0 5 10 15 20
0.505

0.51

0.515

0.52

0.525

0.53

0.535

0.54
0.535

0.508

N 2 t( )

2020− t

Figure 3. Employment in Sector 2, Before and

After the Shock
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0.15
0.143

0.111

Y 1 t( )

2020− t

Figure 4. Output in Sector 1, Before and

After the shock
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Figure 5. Output in Sector 2, Before and After

the Shock
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Figure 6. Total Output, Before and After the Shock

Figure 7. Convergence towards a New Steady

state: Employment in Sector 1

Figure 8. Convergence towards a New Steady State:

Employment in Sector 2
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Figure 9. Convergence towards a New Steady State:

Output in Sector 1

Figure 10. Convergence towards a New Steady

State: Output in Sector 2

The impact of a technological shock results to a new steady state, in which employment increases

in the leading sector. More speci�cally, the sequence of the decision process of workers can be

described as follows. The technological shock will increase the relative productivity and, hence, the

reservation values in favour of Sector 1. This implies that the number of individuals accepting job

o¤ers only from Sector 1 increases, while a fraction of individuals, previously accepting employment

only from Sector 2, are now indi¤erent. Clearly, a transfer of resources from Sector 2 to Sector 1 is

taking place. The extent of this transfer can be conceived as a measure of technology adoption in

an economy.

4 Econometric Application: 10 OECD Countries

4.1 Empirical Speci�cation

The conceptual model developed in the previous sections can be encapsulated in terms of a de-

scriptive econometric model. In particular, we investigate the relation between employment in

technologically advanced, and, by extension, leading sectors, and a variety of factors using an orig-

inal data set covering selected OECD countries. The empirical aspect of the model adopts the

following form:

ln(ES7it ) = it + 1 ln(LHPIit) + 2�it + 3�it (15)

14



In equation (15), which, essentially, is an empirical approximation of equation (7)14 , i refers to

a given economy, and t denotes a speci�c time period.

A scheme of measurement is developed to calibrate the dimensions of the model elaborated in

the previous sections, and data for 10 OECD countries (Australia, Germany, France, Italy, Ireland,

Spain, Portugal, Sweden, the UK and the USA) during the 1979-2007 period are used to develop a

preliminary empirical analysis of the conditions that have been hypothesized as generating a process

of technology adoption.

In equation (15), ES7nt stands for employment (in thousands persons) in seven leading sectors:

chemicals, telecommunication equipment, radio and television receivers, scienti�c instruments, air-

craft and spacecraft, computer and related activities, research and development. Following the

structure of the model developed in Section 2, of particular importance is the change in the ab-

solute level of employment in the advanced Sectors, rather than its change relative to the rest of

the economy. The crucial variable of the model (k) is approximated by LHPIit, which is a measure

of relative productivity: namely, the ratio of productivity per-hours worked in the seven leading

sectors relative to the remaining sectors of the economy, expressed in volume indices (1995=100).

According to the structure of our k is permanent in nature and, consequently, the relevant variable

can be approximated in terms of per-hours worked, as argued by Lindé (2009). Finally, �it and �it

denote, respectively, the lay-o¤ and out�ow rate from unemployment.

The data on employment and productivity per hour were obtained from the Groningen Growth

and Development Centre, �60-Industry Database�.15Aggregation of the data for the seven techno-

logically advanced Sectors and the rest of the economy was performed by the authors.16 It should

be noted, however, that productivity can be expressed either in per person engaged or per hours

worked. Nevertheless, two problems are associated with the former measure. First, there is an

obvious multicollinearity problem. Second, and most important, there is the possibility that a tech-

nological shock might reduce the persons engaged, thus leading to biased results. However, this

can be overcome if productivity is expressed in terms of per-hours worked (Lindé, 2009). Finally,

14 In the empirical speci�cation, two variables are not included: namely, the interest rate and the probability of a
job o¤er from the leading sector ('). The absence of the former variable does not alter the results seriously, and the
respective results are available upon request, while for the latter variable actual data are not available. Of course, a
proxy can be constructed. However, this goes beyond the scope of this paper and constitutes an interesting topic for
future research.
15http://www.ggdc.net
16 In case of missing values, linear extrapolation and interpolation techniques were utilized in order to complete

the corresponding time-series.
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the lay-o¤ and arrival rate for the countries included in the analysis were obtained from the data

set constructed by Elsby et al. (2008).17

In operational terms, equation (15) is estimated using panel-data techniques. As is well known,

there are three ways to perform panel-data estimations: namely, pooled ordinary least-squares, and

�xed and random e¤ects. According to the �rst way, both the constant term and the coe¢ cients

are treated as homogenous across time periods and observational units. In the present context, the

latter are countries. Contrary, the �xed-e¤ects technique assumes heterogeneity of the constant

term over time and/or across countries. However, the e¤ects associated with the countries can not

be identi�ed by this technique in the case of country-variant but time-invariant variables. This

drawback can be overcome by using a random-e¤ects speci�cation, expressed in a general form as

follows:

yit=c+b
0xit + !it (i = 1; :::; n; t = 1; :::; T ) (16)

s:t: !it = �i + vt + "it

where �i stands for the unobserved individual-speci�c random e¤ects, which are � IID(0; �2�);

vt denotes the unobserved time-speci�c random e¤ects, which are � IID(0; �2v); and "it is the

remaining error term which is distributed as � IID(0; �2").

Equation (16) represents a two-way random-e¤ects model, given that both time and individual

speci�c error terms are included in !it. In this speci�cation, the two error terms indicate the degree

of deviation from the common intercept value.

Intuitively, the random e¤ects model seems to be more appropriate. Nevertheless, its validity

can be con�rmed using two tests. First, we use a Lagrange multiplier (LM) test proposed by

Breusch and Pagan (1980) based on the combined time series (t) and cross-sectional (i) residuals

("it) from the pooled ordinary least squares regression. The null hypothesis of �no-random e¤ects�

for this test is H0 : �2� = �
2
� = 0, and the associated statistic is calculated as follows:

LM =
nT

2

8>><>>:
1

T � 1

264
Pn

i=1

hPT
t=1 "it

i2
Pn

i=1

PT
t=1 "

2
it

� 1

375
2

+
1

n� 1

"PT
t=1 [

Pn
i=1 "it]

2Pn
i=1

PT
t=1 "

2
it

� 1
#29>>=>>; (17)

Under the null hypothesis, the LM statistic follows a chi-squared distribution with two degrees

17http://www.frbsf.org/economics/economists/bhobijn/UnemploymentDynamicsInTheOECD.xls
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of freedom.

Second, we use a test developed by Hausman (1978), which tests for orthogonality of the random

e¤ects by the generalized least squares (GLS) method and of the �xed e¤ects by ordinary least

squares (OLS). This test is based on the premise that, under the hypothesis of no correlation, both

OLS and GLS are consistent, but OLS is ine¢ cient. On the other hand, under the alternative

hypothesis, OLS is consistent but GLS is not. Stated in alternative terms, the null hypothesis

supports the �xed-e¤ects model, while the alternative points to the superiority of the random

e¤ects model.

Calculating the associated values of these two tests, the random e¤ects model is clearly indicated.

To be more speci�c, the LM statistic is 3,799.24. Given that at the 95 per-cent con�dence level the

critical value of �2(2) is 5.99, the null hypothesis of ��xed e¤ects�is rejected. For the Hausman test,

the estimated value of the Wald criterion is 79.42, with a critical value of �2(2) w 7:82, providing
additional support to the alternative hypothesis of random e¤ects. In addition, the Hausman test

indicates that our speci�cation does not su¤er from the inconsistency due to omitted variables.

Adopting this estimation method, regressing equation (15) produces the results shown in Table

1. On the whole, the model �ts the data very well, given that all the explanatory variables are

statistically signi�cant. Generally, the econometric results imply a positive (negative) e¤ect of the

arrival (lay-o¤) rate on employment in the technologically advanced sectors for the countries in-

cluded in our sample. This is a rather plausible result, as according to the structure of our model,

an increase in the arrival (lay-o¤) rate induces a direct and an indirect e¤ect. More precisely, the

former indicates that individuals are able to change from the state of unemployment to employ-

ment relatively easily (with some di¢ culty) while the latter implies that, according to Lemma 2,

individuals become more (less) picky, as far as employment choices are concerned, i.e. they reject

more (less) job-o¤ers from sectors in which they are relatively less specialized.

This econometric exercise o¤ers fascinating insight. The message from the empirical application

of the model developed in this paper is straightforward. Of critical importance for our study is

the coe¢ cient attached to the adoption parameter (
1
). Following the analysis in Section 2, it

is expected that 
1
> 0. According to the estimated results a 1 per cent increase in relative

productivity, caused by an exogenous technological shock, will induce a 55 per cent increase, on

average, in the labour force employed in the technologically advanced (leading) sectors.
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5 Conclusion

In this paper we have developed a model approximating technology adoption which implies that

the probability for workers specialized in the leading sectors of the economy to be employed in

such sectors is higher, following a technological shock. Eventually, this will cause an increase in the

level of productivity in the economy as a whole. This process can be conceived as a re�ection of

technology adoption, which, by de�nition, constitutes an externality.

What we have attempted in this paper is to test empirically in a preliminary way the useful-

ness of this model. As in any modelling situation, we cannot know for certain whether a lack of

correspondence between our theoretical presuppositions and the available empirical evidence is the

result of the falsity of our target theory or the approximations and omissions that we employed

in specifying the empirical model. Clearly much more work �both theoretical and especially em-

pirical � needs to be undertaken before the issue of technology adoption can be discussed with

con�dence. Indeed, there is a need for more detailed and focused analysis with speci�c economies

as case studies. Such research would help to build more realistic theory and more informed policy

recommendations.
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Appendix

Proof of result 2

(i) From (7), (8), (11) and (12) it is possible to obtain
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Adopting a similar procedure equations (9), (10), (13) and (14) yields:
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where N
0

1, Y
0

1 (N
0

2, Y
0

2 ) denote the new steady state for, respectively employment and output in

sector1 (2).

(ii) Adding A.2 to A.1, yields:
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which is positive since k
0 � k > 1
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Proof of result 3

(i) From (11) comparing employment in Sector 1 on impact (i.e. t = 0), relative to the trend,

gives:
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The absolute impact on employment in Sector 1 can be obtained by comparing (9) with N10:
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(ii) Likewise, from (13) the change relative to the trend and the absolute change in Sector 1�s

output are given as follows:
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(iii) A process similar to (i) and (ii) allows from (12) and (14) to obtain the following results
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Proof of result 4

As the time interval becomes in�nitesimally small, from (11), (12), (13) and (14) we obtain,
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R â01
0

R a�101R

a�11R
[1� e�(�+�)t]�da2da1+R â1
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Using A.3 and A.4, yields
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Similarly, from A.5 and A.6 it can be shown that

_Y1t > 0

_Y2t < 0
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