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Abstract

In this paper we study the e�ects of high-tech capital, foreign direct investment �ows and out-
sourcing on demand for labor di�erentiated by educational attainment levels in the manufac-
turing industries for two groups of countries over the period 1995-2004. These two groups of
countries comprise Western and Eastern European countries respectively which are assumed to
be di�erently a�ected by the European integration process. Using detailed trade data as a basis
for measuring outsourcing we further distinguish the e�ects of trade and outsourcing on relative
wages by di�erent groups of partner countries. This allows to study the e�ects of 'inward' out-
sourcing and foreign direct investment �ows to Central and Eastern European countries (which
became quite important in this time) in the Western European countries and - conversely - to
study the e�ects of 'outward' outsourcing and the increase in inward FDI stocks in the Central
and Eastern European countries separately.

JEL-Classi�cation: F15, F16, C23

Keywords: high-tech capital, outsourcing, foreign direct investment, demand for skills



Effects of High-Tech Capital, FDI, and Outsourcing on
Demand for Skills in West and East

1 Introduction

The changing patterns of relative demand for skills and for workers di�erentiated by level of
educational attainment have attracted a lot of attention in recent years and the debate is far
from closed. Changes in relative demand for workers with a high level of education (and to a
lesser extent for those with a medium level of education) have been observed either in terms
of rising employment shares and/or in terms of rising skill premia. In the literature various
causes are discussed for explaining these trends. First, increased competition with low-income
countries was a matter of concern. This was triggered o� in the US by the NAFTA agreement and
the resulting trade liberalization with Mexico as a low income neighboring country. In Europe
the debate started when the Central and Eastern European countries were integrated into the
European division of labor after their transitional recessions. Similarly to the US, Western
European countries were facing competition from neighboring low-income countries; di�erently
however from the US-Mexico case these countries were generally well endowed with skilled labor
and could also build on a strong manufacturing base. Despite these facts the fear was that trade
integration with the Central and Eastern European economies would lead to a relative decrease
of demand for low-skill workers in the West due to imports of low-skill intensive �nal products
and outsourcing (i.e. imports of intermediate products) of low-skill intensive production stages.
Important studies analyzing the employment e�ects of these developments are summarized in
Section 2. There is however much less literature studying the e�ects on low-income countries,
in particular the Central and Eastern European countries. This is somewhat surprising as �nal
goods imports and 'inward outsourcing', i.e. imports of intermediates from the viewpoint of
the Western European economies, have its counterparts as �nal goods exports and 'outward
outsourcing', i.e. the exports of these intermediate products, from the viewpoint of the lower-
income Central and Eastern European economies.1 To our knowledge there is no attempt in the
literature to study the e�ects of the fragmentation of production for both types of economies in
Europe simultaneously drawing on the same database.2 This will be the main challenge in this
paper.

Similar arguments hold for the e�ects of foreign direct investment (FDI). Whereas for the
Central and Eastern European countries it is mainly the e�ects of inward FDI on employment that

1In this sense we refer to 'outsourcing' as international outsourcing, i.e. international fragmentation of pro-
duction. 'Inward outsourcing' then means the purchase of intermediate products from abroad (imports) whereas
'outward outsourcing' means the selling of intermediate products abroad (exports).

2However, evidence on employment e�ects on both the US and Mexico do exist. There is also some literature
pointing towards common trends of rising skill premia in both high and low income countries.
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should matter, it was the e�ects of outward FDI from the viewpoint of the Western economies
which was the subject of greater attention. Thus we also include measures for outward and
inward FDI stocks in our speci�cations.

A second main cause for the rising relative demand for skilled workers and the rising skill
premia have been seen in the e�ects of skill-biased technical change driven by capital-skill com-
plementarity and the impact of ICT capital on relative demand patterns. In our empirical work
we thus also include capital measures to control for these e�ects.

In this paper we therefore analyze the e�ects of (high-tech) capital, FDI �ows and fragmen-
tation of production on employment patterns in the Western and Eastern European countries.
The �rst group of countries is seen as being characterized by outward foreign direct investment
(i.e. investing abroad where one of the most important target regions in this period have been
the Central and Eastern European countries) and 'inward outsourcing'. On the opposite side,
the latter group of countries is mainly seen as being the recipient of foreign direct investment (i.e.
the importance of inward FDI is a matter of concern) and being the exporters of intermediate
products ('outward outsourcing'). This distinction will be taken into account in the particular
econometric speci�cations for both types of economies.

The paper is structured as follows. We proceed with a short survey of the theoretical and
empirical literature. Then we give a short discussion of the data we use and the econometric
speci�cations we have chosen. Sections 4 and 5 then report some results for the group of Western
and Eastern European countries respectively. Section 6 concludes.

2 Survey of the literature

Following the political debate on the fear that globalization would cause job losses in the advanced
economies, the issue of outsourcing started to gain importance in the theoretical literature at
the begin of the 1990s, with the seminal contribution of Jones and Kierzkowski (1990). They
argue that international outsourcing increased in the recent years thanks to the technological
development of service activities linking production processes taking place in di�erent countries.

The e�ects of the fragmentation of production on factor prices have been investigated the-
oretically in a variety of models. This has shown that the expected e�ects depend very much
on speci�c assumptions on the relative factor intensity of the outsourced production stage, the
sector in which outsourcing takes place, etc. Further, the e�ects depend very much on whether
one takes a general equilibrium approach as opposed to analyzing the e�ects for a single industry.
For example Arndt (1997) uses a 2×2×2 Heckscher-Ohlin framework and shows that in the typ-
ical situation, in which both the skill-abundant and the skill-scarce country engage in reciprocal
outsourcing of the fragment using the scarce factor relatively more intensively, this leads to an
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increase in both wages and employment of unskilled workers in comparison with skilled labor.3

This simple result is, in any case, at odds with the empirical evidence of rising skill premium
and skill intensity in both skill and unskilled labor-abundant countries.

A number of papers analyzed fragmentation in a more general framework (see Deardor�, 1998,
2001; Jones and Kierzkowski, 2001; Kohler, 2001, 2004). Deardor� (2001) shows that cost-saving
fragmentation occurs only when countries lie on di�erent "cones of diversi�cation", exploiting
factor price di�erences due to lack of factor price equalization. In a di�erent work the same author
argues that fragmentation can foster factor price equalization (Deardor�, 1998). Hence, there is
no clear direction of change in factor prices when countries engage in outsourcing. The direction
of the e�ect depends on the interplay between the factor intensities in the overall production of
the two countries and on that of the industry fragmenting the production (see also Kohler, 2001,
2004, for discussion based on speci�c-factors model). In general, e�ects on the relative factor
prices may emerge when the di�erence between the skill intensity of the outsourced fragment and
a country's average skill intensity is high. Feenstra and Hanson (1997) use a model with a single
good produced with a continuum of stages with di�erent skill intensities to show the e�ect of FDI
on the skill premium of both sourcing and outsourcing countries. In this context, outsourcing
from a skill-abundant country via FDI can induce a skill-biased e�ect on the production of the
receiving country even when the outsourced fragment is labor intensive. The skill-biased e�ect
will take place when the average skill intensity of the receiving country is lower than that of the
outsourced fragment. The authors then provide empirical evidence of the skill-biased impact of
FDI in the case of Mexico's maquilladoras.

The issue of outsourcing has been more deeply investigated by the same authors in Feenstra
and Hanson (1999), where the authors develop a two-stage econometric procedure for endogeniz-
ing TFP and estimate the impact of outsourcing on the skill premium. Further, they develop two
measures of outsourcing which has become the main reference for empirical works on the subject:
narrow outsourcing, de�ned as the sum of imported intermediate inputs in one industry from the
same industry, and broad outsourcing, which considers imported inputs purchased in one indus-
try from all industries. Within this framework they �nd that outsourcing explains between 15%
and 40% of the increase in the relative wage of non-production workers, while high-technology
capital explains between 35% and 70%.

Following the contribution by Feenstra and Hanson (1997) empirical work has focused on the
skill-biased impact of outsourcing on both old and new members of the European Union. In the
�rst group the most relevant studies concentrate on larger countries, especially the UK (Anderson
and Brenton, 1999; Hijzen, 2007; Hijzen et al., 2005) and Germany (Helg and Tajoli, 2005;
Geishecker, 2006) or bordering countries like Austria (Lorentowicz et al., 2005; Marin, 2004).

3In his paper Arndt considers capital instead of skilled labor but the same results apply when considering
skilled labor instead of capital.
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Hijzen (2007) and Hijzen et al. (2005) investigate the impact of outsourcing and technological
change on the skill structure of both wages and employment in the British manufacturing. Hijzen
(2007) estimates the impact on wages by applying the narrow and broad measure of outsourcing
de�ned above and by separating the factor-bias e�ect from that of the sector bias. The result
is that for wages both skill-biased technical change and outsourcing increased inequalities by
reducing the wage of unskilled workers, but the e�ect of the latter is lower. Further, the sector-
bias impact of outsourcing is 3.5 times higher than its factor-bias impact. Similar results arise for
the labor demand e�ect (Hijzen et al., 2005), with narrow outsourcing driving down the demand
for unskilled labor and R&D increasing the demand for skills. Hence, both factors contributed
substantially to the skill upgrading in British industry.

Helg and Tajoli (2005) investigate the impact of outward processing on both relative em-
ployment and relative wages of skilled workers in Italy and Germany. Their main �nding is
that international outsourcing contributed signi�cantly to the increase of the skilled to unskilled
labor ratio in Italy, but not in Germany. According to the authors, this puzzling result is due
to the specialization of Italy into traditional low-skill-intensive industries, while in Germany the
industries most engaged in fragmentation have a higher skill intensity. Hence, in the former
the di�erence in factor intensity between the outsourced fragment and the country's average is
higher, causing a strong impact on labor demand, while in Germany the factor intensities of the
domestic and outsourced productions are similar, causing little or no labor demand e�ects.4 A
recent analysis by Geishecker (2006) on the German case came to di�erent conclusions. Speci�-
cally, the author's �nding is that outsourcing to CEECs contributed signi�cantly to the reduction
of the relative demand for unskilled labor, while total outsourcing had a much lower impact. The
di�erence between the two results lies mainly in the separation between outsourcing to CEECs
and outsourcing to the rest of the World, with the former accounting for most of the impact.
Nevertheless, problems with the speci�cation and the econometrics probably in�uenced the re-
sults. In his regressions Geishecker uses both the broad and narrow measures of outsourcing as
suggested by Feenstra and Hanson, while Helg and Tajoli consider only trade in intermediate
inputs collected from the Eurostat COMEXT database. In addition, the former addresses the
problem of endogeneity of the outsourcing measures, which is likely to return biased estimates
due to inconsistency, hence the results of Geishecker are more reliable, both in terms of speci�-
cation and in terms of the estimation procedure. In Austria, the outsourcing process worked in
a way similar to the Italian case. Recent studies (Lorentowicz et al., 2005; Marin, 2004, 2006)
provide evidence that Austria is specializing in low-skill stages of the production chain while
outsourcing high-skill production stages, reducing as a consequence the share of skilled labor in
production costs.

Considering Eastern European countries, the majority of the studies investigated the impact

4A similar results with a di�erent methodology is that of Marin (2004).
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of FDI on the relative demand for skilled labor proxied by non-manual workers (Bruno et al., 2004;
Lorentowicz et al., 2005; Skuratowicz, 2001; Kertesi and Köllö, 2002). Due to the lack of data,
most of the studies use a panel of industries and document a skill-biased impact of foreign capital
in the Czech Republic, Hungary and Poland (see Kertesi and Köllö, 2002; Bruno et al., 2004;
Lorentowicz et al., 2005). An exception to this methodology is the paper of Skuratowicz (2001)
which uses regional data for Poland and �nds that FDI increases the skill premium within each
region but exacerbates di�erences between regions, increasing the geographical polarization of
inequalities. Lacking data from input-output tables, the outsourcing process has been speci�cally
investigated in a number of papers by using trade in intermediates as proxy for it (Egger and
Stehrer, 2003; Egger, 2006; Geishecker, 2004; Kaminski and Ng, 2005; Marin, 2006; Esposito,
2007). What comes out from these contributions is that in the early stages of the transition
process outsourcing from Western to Eastern Europe induced the latter group of countries to
specialize in the production and export of unskilled labor-intensive intermediates (Egger and
Stehrer, 2003) and in assembling activities (Kaminski and Ng, 2005). In particular (Egger and
Stehrer, 2003) using a panel of 3 countries and 14 industries found that both importing and
exporting of intermediates move the wage-bill-ratio in favor of manual workers. The latter
impact is stronger for intermediate exports, suggesting a relative specialization in elementary
goods from raw materials. With the same data Egger (2006) found that outsourcing fostered a
factor-price equalization among Central and Eastern European industries with the variation of
wages being reduced more strongly among skilled workers than among unskilled workers.

From the end of the 1990s, as found by Kaminski and Ng (2005), the New Member States'
integration into the EU-based network of production increased enormously and changed the
countries' specialization towards the production and export of parts and other outsourcing-
related products. Recent studies on outsourcing and demand for skilled and unskilled labor in
Central and Eastern European countries report both skilled- and unskilled-biased impacts of
intermediate goods trade (Geishecker, 2004; Esposito, 2007). Geishecker (2004) investigated the
impact of FDI and trade in intermediate and �nal commodities on the demand for high-, medium-
and low-skilled labor. Using a large panel of industries for seven Central and Eastern European
countries he found, �rst, that imported intermediate goods from the EU15 to these countries
increased the demand for the high-skilled; second, that the same variable, together with the FDI
stock, exerted an opposite impact on the demand for medium-skilled labour, while there was no
signi�cant impact for the low-skilled. The impact of exported intermediates was also found to be
insigni�cant. Esposito (2007) further divides intermediate goods into parts and components and
primary and processed commodities and uses a 14-industry panel to estimate the determinants
of the evolution of the skilled to unskilled (non manual to manual) wage bill ratio in the Czech
Republic, Hungary and Poland separately. The general result is that exported intermediates
reduce the skill-speci�c wage gap, with a stronger impact for parts and components and a lower
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(in the polish case opposite) impact of processed commodities. Imported intermediates increase
the wage gap in Hungary and reduce it in Poland. In both cases most of the impact comes
from imported parts and components. In the Czech Republic only imported processed goods
increase the relative wage bill ratio. These impacts are re-estimated in two sub-samples of low-
and high-skill-intensive industries and the results indicate that in Hungary, and to a lesser extent
in Poland, the positive impact of the outsourcing measures is concentrated in the skill-intensive
branches, while the unskilled-biased impact is stronger in the low-skill intensive ones. For the
Czech Republic, the results indicate an opposite concentration of the impacts of trade and FDI.5

As we pointed out above, this overall pattern is the result of di�erent delocalization strategies
on the part of Western European countries.

In this work we investigate the impact of outsourcing and capital goods on two groups of
Western and Eastern European countries by conducting estimations on a dynamic panel of
industries and countries over time. The main innovation in this is �rst of all to exploit the
newly available data collected by the EU KLEMS project. In particular, we can estimate the
determinants of the changes in the wage bill share of the three categories of high-, medium-
and low-education workers. Further, we are able to include among the determinants of the skill
composition of the wage bill also the capital stock and the share of ICT capital. The latter
variable is commonly assumed in the literature to have a skill-biased e�ect by fostering a skill-
biased technical change and, to our knowledge, this determinant has not yet been investigated
for the Central and Eastern European countries in this context. For the outsourcing process and
FDI �ows we use standard proxies given by di�erent measures of intermediate trade intensity,
as discussed below.

3 Econometric strategy

In order to estimate the impact of the di�erent types of capital, of FDI and of the outsourcing
process we split the sample into two subgroups of Western and Eastern European countries.
The �rst group includes Austria, Finland, France, Germany, the Netherlands and the UK; the
second one includes the Czech Republic, Hungary and Slovenia. The data allows us to include
ten industries.6 Outsourcing is measured using trade in intermediate products using data from
the UN COMTRADE database and BEC codes. FDI data are collected from the OECD IDI
database and the wiiw database on foreign direct investment. Other data are taken from the EU
KLEMS database.7 The period covered is 1995-2004. In the econometrics we employ a dynamic

5These results are in line with the �nding of Esposito and Stehrer (2007) about the concentration of skill-biased
technical change in skill-intensive industries.

6We consider NACE industries DA, DB, DD and DE, DF, DG, DH, DJ, DK, DL, and DM. Missing are
industries DC, DI, DN mainly due to a lack of FDI data.

7In particular capital stock data refer to capital services.
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speci�cation given as

ωjct = ρωjct−1+α1korjct+α2kictjct+α3outsLjct−1+α4ooutsLjct−1+α5fdiisjct+α5fdiosjct+εjct

(3.1)
for the Western and

ωjct = ρωjct−1 + α1korjct + α2kictjct + α3outsHjct−1 + α4ooutsHjct−1 + α5fdiisjct + εjct (3.2)

for the Eastern European countries. Subscript j refers to the industry, c to the country and t

to time; ωjct is alternatively the share of high-, medium- and low-skilled labor in the total wage
bill; kor is the capital-output ratio, kict is the share of ICT in total capital, fdiis and fdios

denote the inward and outward stocks of FDI respectively. outs and oouts are the measures of
inward and outward outsourcing.

We employ di�erent measures for inward and outward outsourcing. As inward outsourcing
measures we use imported intermediate inputs (III), that is, the import of processed commodities
and parts and components. The �rst measure is the share of III in total output, the second and
third measures represent the same share in total intermediate inputs and in intermediate inputs of
materials respectively. For the outward outsourcing measure we simply use the share of exported
intermediates (EII) in total output. In order to better capture the impact of outsourcing we
further divide trade variables into trade with high- and low-income countries. A signi�cant
impact on the skill structure of employment is expected the more the trading countries di�er
in their level of income or factor endowments. For this reason we include outward and inward
outsourcing to low-income countries in equation (3.1) while in equation (3.2) we include outward
and inward outsourcing to high-income countries.

In the speci�cation for Western European countries we include both inward and outward
FDI stock because we assume that these countries delocalize production stages to low-income
countries via foreign direct investment �ows and that, at the same time, they receive FDI from
other high-income countries both for delocalization and for market-seeking purposes. However,
the Central and Eastern European countries have mainly been targeted for delocalization from
advanced (and mainly Western European) countries while their investment abroad is of very low
importance over this period. Hence for this second group we include only the inward FDI stock.

For both kor and kict we expect to have a skill-biased e�ect, therefore we should expect these
variables to impact positively on the high skilled or negatively on the low-skilled. By the same
token a similar impact is expected for FDI (fdiis) in Central and Eastern European countries if
FDI is mainly cost-driven. Further, if high-income countries delocalize unskilled labor intensive
stages of production, a similar impact should be expected for the outward FDI stock (fdios) in
this group.

Turning to the outsourcing variables, we should expect, if anything, a skill-favoring impact
of both inward and outward outsourcing in the Western European countries. The reason for this
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is that inward outsourcing replaces unskilled workers whereas outward outsourcing is in favor of
skilled workers. For the Central and Eastern European countries, both the theoretical literature
and the former empirical results (see Egger and Stehrer, 2003; Esposito, 2007, for example)
would suggest that exported intermediates to high-income countries should favor unskilled labor.
Previous evidence is mixed for the impact of intermediate imports in these countries; we therefore
do not make any a priori assumption on their impact.

Concerning the econometric procedure, the use of a dynamic panel speci�cation is justi�ed by
the presence of adjustment costs in labor demand and by the presence of serial correlation in the
residuals from a static regression. Because of the availability of FDI data we have an unbalanced
panel of industries and countries for the years 1996 to 2004, which is a relatively short time
span. Accordingly, for the estimation procedure, we use a System General Methods of Moments
(GMM) estimator, which solves the endogeneity problem in dynamic panels by using both a
level and di�erence equation and by instrumenting the endogenous variable with its lagged levels
in the di�erence equation and using lagged di�erences for the equation in levels (see Arellano
and Bover, 1995). This procedure is particularly suited for short, persistent panels and is more
e�cient than a di�erence GMM à la Arellano and Bond (Arellano and Bond, 1991) because in
the latter, the lagged levels are in general weak instruments. The choice of the instruments and
the other econometric details are discussed separately for each group of countries to which we
turn in the following sections.

4 Results for Western European countries

For the sample of Western European countries we estimated equation (3.1) by adding a full set
of time dummies. The presence of serial correlation and the rejection of both the Sargan and
Hansen tests forced us to use the lagged levels of the outsourcing measures as internal instruments
for the levels equation only. Additional instruments are a time trend and the second lag of value
added, which we treat as exogenous. For the equation in �rst-di�erences we used the third and
fourth lag of the dependent variable, collapsed into a vector, and lags four and �ve of the capital
and FDI measures. For the regression on the low-skilled we excluded from the instruments both
value added and the time trend. Further, we used lags two and three of the FDI measures and
only lag three of the capital measures. In the speci�cations we also allowed for a small sample
correction (see Windmeijer, 2005). Results are reported in Tables 1 to 3. These speci�cations
with respect to the outsourcing measure (i.e. imported intermediate inputs) used (see above).
With these instruments the overidentifying restriction are valid and there is no second order
serial correlation.

In all three speci�cation there is a high and signi�cant persistence with the lagged dependent
variable being 0.85 for both medium- and low-educated, while for the high-educated it is 0.52.
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Dependent variable: Wage-bill share of
high educated medium educated low educated

Wage bill sharet−1 0.523 ∗∗∗ 0.853 ∗∗∗ 0.851 ∗∗∗

(0.000) (0.000) (0.000)
Capital-output ratio 0.314 ∗∗ -0.344 ∗ 0.173

(0.023) (0.076) (0.161)
Share of ICT capital -0.133 0.127 0.080

(0.227) (0.132) (0.177)
FDI inward stock share -0.003 0.009 0.002

(0.727) (0.390) (0.314)
FDI outward stock share 0.006 0.035 ∗ -0.042 ∗∗∗

(0.433) (0.087) (0.003)
Share of III low in total output -0.203 ∗∗∗ 0.079 -0.314 ∗∗

(0.003) (0.218) (0.021)
Share of EII low in total output -0.345 0.136 -0.689

(0.456) (0.687) (0.139)
Constant 10.359 ∗∗∗ 8.403 8.754 ∗∗

(0.000) (0.313) (0.019)

Observations 396 396 447
Arellano-Bond test for AR(1): z= -2.957 ∗∗∗ -3.723 ∗∗∗ -2.231 ∗∗

(0.003) (0.000) (0.026)
Arellano-Bond test for AR(2): z= -0.747 0.842 0.603

(0.455) (0.400) (0.547)
Sargan test: χ2

df 21.098 28.373 0.273
df 26 26 27

(0.737) (0.340) (1.000)
Hansen test: χ2

df 31.686 28.594 24.613
df 26 26 27

(0.204) (0.330) (0.596)

Table 1: Speci�cation 1: Western European countries
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Dependent variable: Wage-bill share of
high educated medium educated low educated

Wage bill sharet−1 0.513 ∗∗∗ 0.853 ∗∗∗ 0.827 ∗∗∗

(0.000) (0.000) (0.000)
Capital-output ratio 0.316 ∗∗ -0.341 ∗ 0.197

(0.021) (0.077) (0.121)
Share of ICT capital -0.123 0.121 0.073

(0.332) (0.149) (0.236)
FDI inward stock share -0.003 0.009 0.002

(0.701) (0.396) (0.457)
FDI outward stock share 0.006 0.036 ∗ -0.042 ∗∗∗

(0.502) (0.094) (0.005)
Share of III low in total II -0.135 ∗∗∗ 0.053 -0.246 ∗∗

(0.006) (0.222) (0.014)
Share of EII low in total output -0.376 0.143 -0.838

(0.428) (0.667) (0.123)
Constant 10.355 ∗∗∗ 8.497 10.641 ∗∗

(0.000) (0.334) (0.013)

Observations 396 396 447
Arellano-Bond test for AR(1): z= -2.885 ∗∗∗ -3.655 ∗∗∗ -2.137 ∗∗

(0.004) (0.000) (0.033)
Arellano-Bond test for AR(2): z= -0.794 0.836 0.540

(0.427) (0.403) (0.590)
Sargan test: χ2

df 21.535 28.706 0.184
df 26 26 27

(0.714) (0.325) (1.000)
Hansen test: χ2

df 32.722 28.469 24.621
df 26 26 27

(0.170) (0.336) (0.596)

Table 2: Speci�cation 2: Western European countries
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Dependent variable: Wage-bill share of
high educated medium educated low educated

Wage bill sharet−1 0.557 ∗∗∗ 0.956 ∗∗∗ 0.844 ∗∗∗

(0.001) (0.000) (0.000)
Capital-output ratio 0.262 -0.287 0.071

(0.100) (0.100) (0.269)
Share of ICT capital -0.086 0.108 0.053 ∗

(0.490) (0.189) (0.071)
FDI inward stock share -0.003 0.010 0.004

(0.703) (0.380) (0.139)
FDI outward stock share 0.005 0.042 ∗ -0.033 ∗∗∗

(0.514) (0.075) (0.002)
Share of III low in total IIM -0.079 ∗ 0.011 -0.003

(0.061) (0.586) (0.769)
Share of EII low in total output -0.373 0.100 0.001

(0.361) (0.680) (0.996)
Constant 9.360 ∗∗∗ 1.801 1.084

(0.002) (0.808) (0.523)

Observations 396 396 447
Arellano-Bond test for AR(1): z= -2.875 ∗∗∗ -3.965 ∗∗∗ -4.558 ∗∗∗

(0.004) (0.000) (0.000)
Arellano-Bond test for AR(2): z= -0.895 0.638 -0.089

(0.371) (0.523) (0.929)
Sargan test: χ2

df 25.573 30.265 13.362
df 26 26 27

(0.487) (0.257) (0.987)
Hansen test: χ2

df 33.221 32.480 30.961
df 26 26 27

(0.156) (0.178) (0.273)

Table 3: Speci�cation 3: Western European countries
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The capital-output ratio is positive and signi�cant at 5% for the high-educated in speci�cations
1 and 2. In these cases the capital stock exerts a negative, but signi�cant only at 10% level, on
the medium-educated. The coe�cient is extremely high, above 0.3, implying a long run impact
of a 1% increase in the capital output ratio of -2.3 for the medium-educated and 0.7 for the
high-educated. The share of ICT capital has no e�ect on the wage bill shares (it is positive and
signi�cant at the 10% level for the low-educated in the third speci�cation only).

The outward FDI stock exerts a negative and highly signi�cant impact on the low-educated
and positive, although only signi�cant at 10% level, for the medium-educated. There is no
signi�cant e�ect on the wage bill share of the high-educated persons. With respect to the FDI
inward stock in the Western European economies there was no e�ect whatsoever. According to
Table 1 a 10% increase in the outward-FDI-to-output ratio reduces the wage bill share of the
low-educated by 0.42% and raises that of the medium-educated by 0.35%. The long-run e�ect
of the same increase in FDI, given by αi/1− ρ, is -2.82 and 2.38 respectively.

Next let us turn to the measures of outsourcing. The share of intermediates imports to low-
wage countries in output (Table 1 and in intermediate inputs to low-wage countries (Table 2 are
negative and signi�cant for both the high- and low-educated. In both cases the result is more-
or-less con�rmed in the three speci�cations although in the last speci�cation (Table 3) the e�ect
on the low-educated becomes insigni�cant. Outward outsourcing (i.e. exports of intermediate
products) is never signi�cant. The higher impact is exerted by the III to output ratio, with a
coe�cient of -0.31 for the low-educated and -.2 for the high-educated. The short-run e�ect of
the share of III on total II is lower, -0.25 and -0.13 respectively, and even smaller (and signi�cant
only at 10% level) in the case of the coe�cient of the third measure. The negative e�ect on
the high-educated, although counter-intuitive, could indicate an indirect e�ect in favor of the
medium-educated, while the negative e�ect on the lower-educated is consistent with a (medium)
skill-biased impact of outsourcing.

Summing up, the results for Western European countries are more or less in line with the
theoretical predictions. The capital-output ratio requires more high-skilled workers and less
medium-skilled ones thus implying a capital-skill complementarity. However we could not �nd a
signi�cant e�ect of the share of ICT capital. The e�ects of the outward FDI is to increase the rel-
ative demand for the medium-educated domestically, while reducing the relative demand for the
low-educated. This e�ect is ampli�ed by the imported intermediates from low-income countries
implying less high- and low-skilled labor to the advantage of the medium-skilled. This suggests
that outsourcing to low-income countries consists of low-skill-intensive stages of production which
allows Western European countries to rise the average skill level of domestic production.
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5 Results for Central and Eastern European countries

The results for the Central and Eastern European countries using speci�cation (3.2) are shown
in Tables 4 to 6. The equation has been estimated using lags from three to �ve of the dependent
variable and of kict; furthermore we used lags from three to six for kout and fdiis. All these
instruments are collapsed into a single vector in order to save degrees of freedom and avoid
over-identi�cation problems. For the same reason we did not introduce the time dummies in the
regression. Additional instruments are the inward and outward outsourcing measures and a set
of time dummies. The former variables are assumed to be predetermined, hence they are valid
instruments only for the equation in levels, while time dummies are exogenous and introduced
in both equations.

Dependent variable: Wage-bill share of
high educated medium educated low educated

Wage bill sharet−1 0.816 ∗∗∗ 0.896 ∗∗∗ 0.594 ∗∗∗

(0.000) (0.000) (0.000)
Capital-output ratio 0.104 0.452 ∗∗ 0.130

(0.303) (0.035) (0.201)
Share of ICT capital 0.000 0.084 0.030

(0.998) (0.288) (0.562)
FDI inward stock share 0.088 ∗∗ -0.150 ∗∗∗ -0.163 ∗∗∗

(0.021) (0.001) (0.009)
Share of III high in total output 0.003 0.004 0.004

(0.783) (0.837) (0.824)
Share of EII high in total output 0.175 0.803 ∗∗ 0.945 ∗

(0.585) (0.034) (0.060)

Observations 231 231 231
Arellano-Bond test for AR(1): z= -2.463 ∗∗ -2.537 ∗∗ -3.032 ∗∗∗

(0.014) (0.011) (0.002)
Arellano-Bond test for AR(2): z= 0.296 1.239 -0.761

(0.767) (0.215) (0.446)
Sargan test: χ2

df 55.796 42.680 75.563
df 23 23 23

(0.000) (0.008) (0.000)
Hansen test: χ2

df 23.493 25.891 28.247
df 23 23 23

(0.432) (0.306) (0.207)

Table 4: Speci�cation 1: Central and Eastern European countries
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Dependent variable: Wage-bill share of
high educated medium educated low educated

Wage bill sharet−1 0.808 ∗∗∗ 0.896 ∗∗∗ 0.583 ∗∗∗

(0.000) (0.000) (0.000)
Capital-output ratio 0.107 0.449 ∗∗ 0.142

(0.276) (0.028) (0.178)
Share of ICT capital 0.006 0.076 0.042

(0.890) (0.205) (0.425)
FDI inward stock share 0.085 ∗∗ -0.147 ∗∗∗ -0.171 ∗∗∗

(0.028) (0.003) (0.006)
Share of III high in total II 0.003 0.000 0.007

(0.689) (0.996) (0.546)
Share of EII high in total output 0.172 0.852 ∗∗ 0.902 ∗

(0.571) (0.031) (0.061)

Observations 231 231 231
Arellano-Bond test for AR(1): z= -2.465 ∗∗ -2.537 ∗∗ -3.061 ∗∗∗

(0.014) (0.011) (0.002)
Arellano-Bond test for AR(2): z= 0.255 1.240 -0.676

(0.799) (0.215) (0.499)
Sargan test: χ2

df 56.056 42.753 74.211
df 23 23 23

(0.000) (0.007) (0.000)
Hansen test: χ2

df 23.300 25.890 28.249
df 23 23 23

(0.443) (0.306) (0.207)

Table 5: Speci�cation 2: Central and Eastern European countries
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Dependent variable: Wage-bill share of
high educated medium educated low educated

Wage bill sharet−1 0.815 ∗∗∗ 0.899 ∗∗∗ 0.588 ∗∗∗

(0.000) (0.000) (0.000)
Capital-output ratio 0.098 0.428 ∗∗ 0.132

(0.347) (0.023) (0.174)
Share of ICT capital 0.001 0.062 0.037

(0.973) (0.303) (0.464)
FDI inward stock share 0.085 ∗ -0.136 ∗∗∗ -0.172 ∗∗∗

(0.055) (0.010) (0.007)
Share of III high in total output 0.001 -0.004 0.004

(0.916) (0.629) (0.618)
Share of EII high in total output 0.188 0.901 ∗∗ 0.932 ∗∗

(0.545) (0.012) (0.042)

Observations 231 231 231
Arellano-Bond test for AR(1): z= -2.469 ∗∗ -2.530 ∗∗ -3.050 ∗∗∗

(0.014) (0.011) (0.002)
Arellano-Bond test for AR(2): z= 0.263 1.237 -0.688

(0.792) (0.216) (0.491)
Sargan test: χ2

df 56.005 42.986 73.758
df 23 23 23

(0.000) (0.007) (0.000)
Hansen test: χ2

df 23.492 26.021 28.247
df 23 23 23

(0.432) (0.300) (0.207)

Table 6: Speci�cation 3: Central and Eastern European countries
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The estimation performs well, with absence of second-order serial correlation and validity
of the overidentifying restrictions, as shown by the Sargan and Hansen tests. The results are
almost unchanged among the three speci�cation, with none of the inward outsourcing measures
(i.e. imports of intermediates) exerting a signi�cant impact.

The other variables keep their signs and signi�cance among the three speci�cation, hence we
refer only to the results of the speci�cation reported in Table 4 for interpretation. The impact of
the lagged dependent variable reveals a high persistence of the series, having a impact between
0.8 and 0.9 on both high and medium skilled and 0.6 on the low skilled.8

The capital-output ratio always has a positive impact, although it is signi�cant and (rela-
tively) strong only for the medium-skilled. In that group the impact of a 1% increase in the
capital-output ratio is 0.05 in the short-run and 0.4 in the long-run, suggesting a strong comple-
mentarity between capital and medium-skilled labor. (Note that these medium-skilled workers
include a number of technicians and related occupations.) The share of ICT capital has a positive
impact too, but it is never signi�cant.

The FDI inward stock in these countries exerts a signi�cant impact on all three groups, with
a positive impact on high-skilled workers and a negative one on both medium- and low-skilled.
This is consistent with the assumption of a skill-biased impact of FDI in low-income countries. A
1% increase in the FDI-to-output ratio raises the wage bill share of the high-educated by 0.09%
while reducing that of the medium- and low-educated by 0.15% and 0.16% respectively. The
long-run e�ects of the same increase are, in the same order, 0.5, 1.4 and 0.4.

Finally, the export of intermediates to high-income countries (i.e. the imports of intermediates
of the high-income countries) has a strong and positive impact on both the medium- and the
low-skilled. In any case, for the latter group this variable is signi�cant at the 5% level only in
speci�cation 3 (see Table 6). The short-run impact is above 0.8 for the medium-skilled and almost
0.95 for the low-skilled. This means that the long-run impact is 7.72 for the medium-skilled and
2.33 for the low-skilled.

In conclusion, the picture that arises from the estimations is pretty much in line with theo-
retical assumptions also for Central and Eastern European countries: FDI exerts a skill-biased
impact by increasing the share of the high-skilled, and consequentially reducing those of other
workers. The total capital stock favors the medium-skilled, which can mean that capital equip-
ments require only particular skills mainly held by medium-educated workers, while a high edu-
cation is required for foreign capital. The outsourcing process partially con�rms the result from
other studies, with a positive e�ect on the medium- and low-educated, suggesting a specialization
into relatively low-skill-intensive products.

8The presence of a unit root problem is ruled out by the Levin-Lin test, which always rejects the assumption
of non-stationarity of the wage bill share series.
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6 Conclusions

In this paper we analyzed the e�ects of high-tech capital, FDI �ows and outsourcing on the wage
bill shares in two groups of countries. These two groups are the Western European countries
which are mainly seen as investors in the Eastern European countries (the second group) and
importers of intermediate inputs. On the other hand, the second group consisting of Eastern
European countries is mainly characterized by in�ows of foreign direct investment and exports of
intermediates. Our results are largely in line with prior expectations: In the Western European
economies the FDI outward stock and imports of intermediates have negative e�ects on the wage
bill share of the low-educated workers whereas FDI inward stocks and exports of intermediates
have no signi�cant e�ects at all. Surprisingly however, imports of intermediates also have a
negative e�ect on the wage bill share of high-educated workers. This might be explained by a
shift towards medium-educated workers. For the Eastern European countries the FDI inward
stock shows negative e�ects on the wage bill share of medium- and low-educated workers and
signi�cantly positive e�ects for the high-educated workers. The exports of intermediates (note
that these are mainly the imports of intermediates of the advanced Western European economies)
show a positive e�ect on the wage bill share of the medium- and low-educated which relates to
the expected pattern of specialization. An increase in capital services relative to output mainly
favors high- and medium-educated workers in Western Europe and medium-educated workers in
Central and Eastern Europe. We could not however �nd an additional e�ect of the share of ICT
capital services in total capital services. Finally, the paper also points towards some problems
with respect to measuring outsourcing and sensitivity of the results with regard to econometric
speci�cations. This provides scope for future research.
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