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Abstract

The aim of this paper is to provide new causal evidence on the upskilling trend in the

labor market for Italian manufacturing. The proxy for skill level is chosen to be the distinction

between production and non-production workers, following a traditional strand of literature. I

investigate on two competing factors, international trade and skill-biased technological change.

Unexpected shocks to foreign shipments and to a measure of technological change, Research and

Development (R&D) expenditures, are used to overcome problems of endogeneity and reverse

causality and allow interpretation of results in causal terms. I find that trade has a positive

and significant effect on the skill composition of the work force, while R&D expenditures, in

the same context, seemed not to have been an important factor in the restructuring process

occuring at the firm level. No significant effect of either variable is detected on the relative wage

of skilled relative to unskilled workers.
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JEL classification: F16; J21; E24.

1. Introduction

The international evidence attests changes in the labor market share of unskilled relative to skilled

workers, both in terms of employement and wage premia, where the breakdown of workers according

to whether or not they are engaged in production is often used as a proxy for their skill-levels. Data

from Australia, Canada, Hong Kong, Japan, Mexico, United States and several European countries1

report univocally a steady increase of the ratio of non-production relative to production workers

during the 1980s and into the 1990s; in United States and United Kingdom, there has also been a

decline in the relative wages of non-production labor, while other countries preserved a stable wage

structure.

∗PhD Student, University of British Columbia, marytito@interchange.ubc.ca
1Trends in US labor market are documented by Katz and Autor (1999); Freeman and Katz (1994), Katz and

Autor (1999) report evidence for Australia, Canada, Japan, Sweden and United Kingdom; for Mexico and Hong Kong
see Revenga (1992), Feenstra and Hanson (1994), Cragg and Epelbaum (1996), Hanson and Harrison (1999), Hsieh
and Woo (1999); for France Goux and Maurin (2000); for Denmark Machin and Van Reenen (1998); for Germany
Abraham and Houseman (1995); for Italy Casavola et al. (1996).

1



In order to shed light on these facts, economists have proposed and analyzed supply-side and

demand-side explanations. Since the justification of downward shifts in the relative supply of skilled

employment is in conflict with the evidence on the wage gap2, the research has focused on demand

factors. Two main3 explanations have been proposed to justify an outward shift in the relative

demand for skilled labor: (i) international trade and (ii) skill-biased technological change. On one

side, increased volumes of trade and foreign direct investment (FDI) might cause a reallocation of the

labor force, shifting activities that involve unskilled workers towards least developed countries, while

activities involving the production of skill intensive goods remain in developed ones. On the other

side, if technological change is non-neutral4, benefiting skilled labor more than other production

factors, then, accelaration of the rate of technological change increase the demand for skilled labor.

The existence of diverse theoretical explanations has prompted empirical studies to identify the

cause or causes of the upskilling of the labor force, but mixed confirmation was found. Moreover,

most of early empirical contributions were based on covariations of mutually endogenous variables,

inferring the effect of technology and trade as indirectly associated to a particular correlation pattern

or linked to specific components from industry/firm-level decompositions of the total change in

employment and wages.

The aim of this paper is to provide causal evidence on the shifts in the relative labor market

share of skilled workers; the analysis draws on Italian manufacturing. The empirical evidence on

relative skilled employment and wage premia in labor market of Italian manufacturing industries fits

in the same framework of other European countries. Between 1984 and 2009, the share of skilled over

total employment5 has been increasing from 22% to 35%, while the relative wage of non production

workers has remained quite stable.

The possibility to interpret the empirical evidence I report is related to a peculiarity of the

data we use: the Survey of Industrial and Service Firms (INVIND) collects firm-level data on

expectations for the key variables of our work, the relative access to foreign markets in terms of

turnover, Export Intensity, and a measure of technological change, R&D Intensity. The difference

between the expected and the realized values, at homogeneous time intervals, can be considered as an

exogenous shock and becomes a natural instrument to address problems of endogeneity and reverse

causality.

My results seem to provide support to the trade hypothesis. An increase in foreign exchanges by

10% causes, on average, an upskilling of the work force by 0.88%, while technology, captured by R&D

investments, seemed to have played, if any, a minor role. The absence of a statistically significant

relation between R&D expenditures and the increase in the ratio of skilled labor can be explained,

on one side, on the absence of sufficient variability for the chosen instrument, unexpected variation

to R&D investments, but it is in accordance with other findings for Italy, Spain and France6. A

possible different interpretation of these results refers to embodied technological change: in presence

2Katz and Murphy (1992) were the first to argue that supplied explanations cannot account for the whole shifts.
3Shifts in demand can also be explained by changes in consumers’ tastes and in organizational structures. In

relation to the latter cause, see Hannan and Freeman (1977) as a theoretical reference; Piva and Vivarelli (2002)
investigate the potential effects of this cause in relation to the upskilling in labor market of Italian manufacturing.

4Goldin and Katz (1998) document technology-skill compementarity in US manufacturing
5The data are drawn from the Survey of Industrial and Service Firms (INVIND) and, as explained below, refer to

a representative sample of Italian Manufacturing Industries.
6For Spain, Aguirregabia and Alonso-Borrego (2001) do not find any statistically significant correlation between

R&D expenditures and relative skilled employment; for France, Goux and Maurin (2000) argue that technological
advancement can explain only 15% of the change in labor demand. The results for Italy are coinfirmed in Piva and
Vivarelli (2002).
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of a prevailing role of SMEs and of traditional sectors, most of the innovative process takes place

in the form of technologically advanced investments. Partial confirmation is to be found in the

positive and statistically significant correlation, in most specifications, between the relative skilled

employment and our measure of change in total capital stock. Another line of argument does not

regard the trade and the technology hypothesis as competing explanations. In the case of a not-

technologically leading country7, cross-border exchanges might represent a measure of spillovers and

technology diffusion from the innovation frontier. If relying on this perspective, I could conclude that

there is no additional effect of innovation on relative skilled employment once technology imitation

and adoption from abroad is accounted for.

No significant effect of both Export Intensity and R&D Intensity is detected if the dependent

variable is set to be the relative wage of production workers. In this case, the Italian Institutional

framework might be advocated as a possible reason. In Italy, wages have been traditionally deter-

mined through nation-wide collective bargaining and do not vary much by occupation.

The rest of the paper is organized as follows. Section 2 offers a review of the literature. Our

empirical analysis covers the rest of the paper, starting with on overview of data in part 3; speci-

fication of the models and issues of identification are discussed in section 4. Regression results are

presented in sections 5 and 6. Section 7 concludes.

2. Literature Review

Traditionally, two demand-side explanations have been offered for the rising skill differentials ob-

served in labor markets: technology and trade. Most of the theoretical research has focused on each

cause, one at a time, and has provided predictions to be confronted with data. In some cases, the

predictions are conflicting, in others, the implied outcome is observationally equivalent whether the

inducing factor is assumed to be trade or technology.

Effects on relative demand curve of skilled employment can be accounted in an Heckscher-Ohlin

(H-O) framework. The H-O model, also called Factors Proportions Model, justifies the observed

patterns of international exchanges through the existence of comparative advantages, in forms of

different endowments of factors of production. Each country is able to produce more and become a

net exporter of the goods that use intensively its abundant factors. Returns to factors of production

are linked only to goods prices: this is a well-known implication of H-O model, the Factor Price

Equalization Theorem. In fact, if countries share the same technology and, in presence of free trade,

the same international prices of traded goods, they will also have the same prices of factors; therefore,

changes in factor quantities do not affect factor prices. Relating to my context of analysis, a shift

in the wage of skilled relative to unskilled workers can be only caused by a change in the relative

prices of the goods that intensively make use of those factors of productions.

Evidence on movements in prices of traded goods, with different skill-content, has been scant and

quite controversial8. This motivated the development of a new strand of research, keeping the trade

hypothesis central to the process of upskilling in the labor market. Feenstra and Hanson (1996)

modified H-O framework, allowing activities within a single industry to vary in factor intensities9.

Those activities are characterized as intermediate inputs, traded between countries and combined

7Italy can be arguably placed on average behind the technological frontier represented by US and UK.
8See Bhagwati and Dehejia (1994)
9The authors allow the presence of capital; we restrict the attention to skilled and unskilled labor.
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into some final product. If facing higher relative wages for unskilled labor at home, firms tend to

outsource the activities that make a larger use of unskilled labor. Then, lower prices of imported

inputs leads to a fall in the relative wage of unskilled labor and an increase in the price of the final

good relative to imported inputs.

Any drop in the price of imported intermediates in Feenstra and Hanson (1996) produces pre-

dictions analogous to effects of pervasive skill-biased technological change. In H-O framework,

skill-biased technological change (SBTC), defined as an exogenous shift in production function that

reduces the production requirements of skilled labor, determines, in general, an increase the propor-

tion of skilled employment in all industries, but has no effect on the skill premium. As Berman et al.

(1998) remarks, only when SBTC is pervasive, the outcome of larger proportions of skilled workers

can be reconciled with an increase in relative wages within industries.

In presence of concurrent theoretical explanations, the relative importance of trade versus tech-

nological change must be assessed on empirical grounds. Empirical works multiplied in order to

test theoretical predictions and thus provide directions for further development, but they are not

conclusive. Most of the initial studies were based on covariations of mutually endogenous variables

at the industry level. Berman et al. (1994), Berman et al. (1998), Machin and Van Reenen (1998)

and Manasse et al. (2002) decomposed the total change in labor market share of unskilled relative

to skilled workers, both in terms of employement and wage premia, into a between and a within

components.

A between variation is associated to the trade hypothesis: in fact, opening to trade10 may be

responsible for the reallocation of production from those manufacturing industries with high shares

of production workers to those with low shares. The within variation is, on the contrary, viewed as

directly connected to skill-biased technological change; in fact, a non-neutral technological change

would shift the skill composition of labor demand within industries. Berman et al. (1994) showed11

that more than 2/3 of total variation in the share of skill composition and wages at the industry

level chould be explained by the within component. They interpret those results for a predominant

role of technology in the upskilling in the labor market for manufacturing industries.

Other works provide some support the trade hypothesis. In particular, Feenstra and Hanson

(1997) are able to related within-industry demand shifts to outsourcing, in the case of Mexico. They

find that FDI are positively correlated with relative skilled employment and wages over 1975-1988

for manufacturing industries, providing opposite findings to those of Berman et al. (1994).

Beside contributions investigating shifts in skill demand at deeper level of disaggregation12,

tentatives to overcome endogeneity issues in the investigated correlation patterns and provide some

robust causal evidence are relatively more recent. In one of the early contributions, Machin and Van

Reenen (1998) instrument R&D expenditure at the firm level with government decisions. Under

the assumption that the government decision to allocate funds across industries for Research and

Development is orthogonal to unobserved characteristics at the industry-level, they find new support

for the technology explanation. Brambrilla et al. (2010) exploits the Brazilian currency devaluation,

interpreted as an exogenous shock, to observe the upskilling effect on Argentinian exporting firms.

Their results relate skill upgrading to the country of exports: only firms exporting to high income

10The effect is derived through the implication of the Factor Price Equalization Theorem.
11This result is consistent with findings in Berman et al. (1998), Machin and Van Reenen (1998); for Italy, in

particular, see Manasse et al. (2002).
12Bernard and Jensen (1997) perform decomposition exercises and other empirical analysis on relative skilled wages

and employment on plant-level data.
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countries hire a higher proportions of skilled workers and pay higher average wages.

A final remark must be addressed to a recent strand of the literature which has suggested an

additional role for trade in the process of upskilling, observed in the labour market in the last

decades. This literature revolves around the fact that the intensified competition after opening to

trade might induce some firms to upgrade their technology or improve the quality of their products;

in presence of skill complementarities, both effects might be translated into an increased demand

for relative skilled labour. The empirical analysis of those channels is offered by Bustos (2011) and

Verhoogen (2008)13 ; the authors exploit exogenous variations (the changes of Brazilian tariffs on

Argentinian exports and the devaluation of pesos in Mexico, respectively) to provide evidence on

outward shifts of the relative demand curve for skilled labour.

This paper adds to the existing literature because I will try to identify the potential causal effects

of trade and technology on both skilled employment and wage premia. Firm-level expectations are

used to analyze the upskilling in labor market in Italian Manufacturing Industries and, under the

identification condition, are necessary for the interpretation of the results in causal terms14.

3. Data

The empirical analysis in the present paper draws upon the Survey of Industrial and Service Firms

(INVIND), undertaken by the Bank of Italy; regional branches are responsible15 for data compiling.

The dataset includes firms with at least 20 employees16 over 1984-2009. The dataset has a longitudi-

nal structure, but there’s a substantial amount of variability of firms composing the sample in each

year. The entry rates are affected by the gradual enlargement of the selected sample: the survey

initially focused on processing firms and was subsequently enlarged to encompass energy and other

manufacturing firms in 1999, private non-financial service firms in 2002 and construction firms in

2006.

Sampling is not random: the number of observation is determined by the method called optimum

allocation ad strata, where strata are determined by economic activity, class sizes (in terms of average

employement) and localization of the administrative office. This sampling procedure is translated

in an over-sampling of smaller firms whose administrative office is located in Southern regions17.

The surveys collects yearly data on occupation, global sales, investment decisions and other spe-

cific phenomena. In particular, information on occupation, investments and total sales are compiled

over three periods: current18 (dato di preconsuntivo), previous19 (dato di consuntivo) and next20

13Bustos (2011) analyses the technology adoption decision of Argentinian firms, after trade liberalization and
Verhoogen (2008) focuses on the quality improvement of Mexican plants following the peso devaluation.

14In this respect, this paper is related to some previous work in empirical literature where expectations are treated
as a valid instrument for econometric analysis. The predecessors are found in two very diverse fields, the fiscal and
labor literature: Poterba (1994) and Card (1990). Poterba (1994) investigates the nature of fiscal adjustments in
presence of unexpected deficits; Card (1990) focus on dynamics for labor employment responding to unexpected real
wage changes, that reflects unexpected inflation.

15This ensures a high response rate, on average 77%, and a rigorous direct control on reported answers.
16Until 2000, the survey was restricted to firms with a minimum of 50 employees; only in 2001, firms with at least

20 employees were included. For more information on the dataset, see Supplementi al Bollettino Statistico, Indagini
Campionarie, 2009.

17In 2006, on the whole sample, southern firms with at least 20 employees represented 35.7% vs 18.1% of Northern
firms in terms of turnover, 12.9% vs 11.4% in terms of average employment.

18The interviews are carried out between January and April and refer to the previous year; in the description that
follows, this is qualified as time t.

19Period t− 1.
20Period t+ 1.
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(dato previsionale) year; in fact, the peculiarity of this dataset is identified by gathering explicit

data on expectations at micro-level, a peculiarity that will be extremely helpful in the identification

strategy for the following empirical analysis.

The detail of information is not homogeneous between class sizes (by 20-49 vs 50+ workers): the

surveys differ in the design between the two groups, reducing the number of questions for smaller

firms.

I restricted the sample to include only firms with at least 50 employees; moreover, I focus

on strictly industrial sectors for both reasons of comparability with previous papers and issues of

interpretability of results in presence of non-tradable services. Time series for expected data can

be traced back to 199921; the relevance to the study of these variables will produce a final working

dataset with 8,236 observations22 over a time period of 11 years, from 1999 to 2009. After an

additional check for possible outliers23, the final total number of observation is reduced to 8,232.

Before proceeding with regression analysis, I remove our sample restriction and focus on de-

scriptive statistics on all data available. Figures 1-4 provide some evidence on temporal average

evolution of some key variables for manufacturing firms with at least 50 employees; in all graphs,

I made use of sampling weights to reconnect sample evidence to population characteristics and to

overcome structural breaks due to the modification of the sample selection criteria.

Figure 1 shows that the average composition of the work force in Italian manufacturing firms has

been gradually changing over time, in favour of a higher share of non-production workers (Skilled

Employment): skill intensity raised from 22.38% in 1984 to 36.14% in 2009. In line with the European

evidence, no particular trend, instead, can be detected in the evolution of the relative hourly wage

of white collars with respect to production workers (Skill Premium) in Figure 2: on average a white

collar is paid 1.473 times per hour more than a blue collar. It is not possible however to reconstruct

a complete time series for relative hourly wage as no data are available before 2002. Moreover, the

survey provide only information detail on yearly wage by occupation; hourly wage are determined

under the assumption that blue and white collar employees do not differ in the average number of

hours they work.

I also report evidence on two prospective causes of the documented upskilling in Italian manu-

facturing, trade (Export Intensity) and technology (R&D Intesity) in Figure 3 and 4.

The fraction of exports over total shipment (Export Intensity) displays a marked upward trend in

Figure 3: restricting to the pool of exporters, export intensity reached 43.07% in 2009 from 28.48%

in 1984.

Figure 4 shows the share of R&D Expenditures over Total Sales (R&D Intesity): this measure,

intended to capture the relative ability of firms to innovate, represent around 1% of total shipments

and remains fairly constant over time. The time period displayed in figure 4, 1999-2009, depends

on the fact that data on R&D expenditures are recorded since 1999. R&D expenditures encompass

costs for R&D, market analysis, planning and experimentation. The broad characterization of R&D

expenditures depends on available information: before 2003, two separate entries were available in

21Expected data for foreign and domestic sales are available since 1995, while expected levels of expenditure for
Research and Development (R&D) are reported only since 1999.

22This number is computed for the differenced model presented in the next section and excludes all missing values
for variables included.

23INVIND is inspected by substantial cross-checkings; nonetheless, some incongruence is found in the data. The data
for blue-collar occupation are found in 2 cases higher then the corresponding values for total occupation; in additional
2 cases, foreign shipments are reported higher then total sales. Given the limited number, those observations are
dropped from the analysis.
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the survey, one for R&D and market analysis costs, the other for planning and experimentation

expenses, but since 2003 they were collapsed into a unique variable.

The description of sample characteristics24 is completed by Table 1, which shows a snapshot of

the Italian Manufactures in a given year, 2004; as before, we use sampling weights to extend the

interpretation of statistics to the whole population. Given the restricted temporal dimension of the

data we will use in what follows, 1999-2009, we choose the median year, 2004. Comparable evidence

is reported in the Appendix for 1999 and 2009.

Table 1: Snapshot of Italian Industrial Sector, 2004

Variable Mean Std Deviation Median Min Max

Occupation 180.05 468.81 135 50 23638
Hirings 22.57 89.2 13 0 4152
Lay Offs 24.5 89.78 14 0 3511
Yearly Salary 19335.38 7915.59 23705 7510 68000
Foreign 0.102 0.3 0 0 1
Private 0.821 0.175 1 0 1
Performance 2.202 1.047 2 1 5
Exporters 0.892 0.31 1 0 1
Foreign Sales 18947.98 93208.63 9598 1 6643793
Total Sales 55729.03 265631.9 27507 63 1.6e7

Investments 1774.86 9222.36 760 0 582485
R&D Expenditures 420.81 9926.8 0 0 961918

The reported statistics are calculated, as before, for firms with at least 50 employees. The upper

portion of Table 1 focus on occupation variables: Occupation, Hirings and Lay Off-s represent the

total average occupation, the number of hirings and lay-offs by firms; Yearly Salary is the yearly

gross average wage of a representative worker in an Italian average firm and it is measured in euro.

The lower portion of the table concentrate on categorizations and monetary measures. Foreign,

Private and Exporters are dummy variables: they take value equal to 1 if, respectively, the firm has

a foreign controlling legal entity, is privately-owned and exports. In 2004, the Italian population

of manufacturing firms is mainly composed of privately-owned, exporting firms, whose controlling

figure has an Italian nationality. Performance is also obtained as an indicator variable, taking values

from 1 to 5, where the rise in cardinality is associated to a decreasing scale of results. In fact, 1 is

coded as Large Profits, 2 as Moderate Profits, 3 as Break Even, 4 as Moderate Loss and 5 as Large

Losses. 2004 appears to be a favourable year for performance for Italian Manufactures: manufac-

turing firms record on average almost moderate gains.

The final lines concentrate on Turnover, on foreign markets (Foreign Sales) and on the whole (To-

tal Sales), Investments and expenditures for R&D (R&D Expenditures); figures are expressed in

thousand euros.

4. The Empirical Model and the Identification Strategy

A consistent relatively recent empirical literature25 concentrated on justifying the shift in compo-

sition and/or wages of skilled relative to unskilled employment. Those works try to separate the

24The decision to focus on those characteristic is related to empirical tests performed in next section.
25See, for example, Berman et al. (1994), (1998), Feenstra and Hanson (1997), Machin and Van Reenen, (2002),

Meschi et al. (2008), Piva and Vivarelli (2004).
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potential outcome of trade from the concurrent explanation of biased technological change. In fact,

on one side, increased volume of trade might cause a reallocation of labor force, shifting activities

with different skill content among countries; on the other side, the type of technologies developed,

if skill biased, can benefit in relative terms skilled labor through price-composition effects. Those

papers provide mixed evidence and most of early empirical contributions were based on covariations

of mutually endogenous variables, inferring the effect of technology and trade as indirectly associ-

ated to a particular correlation pattern or linked to specific components from industry/firm-level

decompositions of the total change in employment and wages.

This paper adds to the empirical literature on skill changes in labor market: it tries to isolate

the effect of trade openess and technological change on the upskilling of the work force in Italian

Manufacturing. The baseline model for the empirical analysis can be specified as follows

Skilledit = β0 + β1 · Export Intensityit + β2 ·R&D Intensityit + uit (1)

The dependent variable is chosen to be the fraction of skilled workers on the average total occupation

for each firm in a certain year; similar studies focus mainly on wage premia, i.e. the relative hourly

wage of skilled over the salary of unskilled workers. The possibility to investigate prices effects is, in

this case, very limited, for reasons of both data availability26 and the rigidity of the labor market27.

In any case, some attention to price effects will be dedicated in the section of robustness checks.

The proxy for skill level is determined by the distinction between production and non-production

workers, following a traditional strand of literature. Although this distinction is a rather imperfect

measure of skills, it is available in our data and it captures some of the differences on ability

between the two categories of workers. In Table 2, we report the probability distribution of workers’

education28, regarded as a better skill indicator, conditional on activity: each row of Table 2 contains

the probability that, extracting one worker at random29 in a given category of activity (Production

vs Non-production), she has a certain degree (Graduate Degree, High School Degree or Degree from

Lower Grades or No Degree). Figure 5 reproduces the data reported in Table 2, offering a direct

comparison between fractions of blue and white collars with a given educational attainment.

Table 2: Conditional Probability Distribution of Worker Education by Activity, 2000
Lower or No Degree High School Degree Graduate Degree

Production 0.782 0.216 0.002
Non-Production 0.134 0.741 0.125

Considering that production workers represent 68.2% of the labor force in 2000, it is possible to

characterize the joint probability distribution of workers by activity and education and determine

the correlation patterns between the two variables. If coding activity as an indicator variable taking

value equal to 1 if the worker is a white-collar and 0 otherwise, and education into a multinomial

26Since 2002, the survey collects data on individual yearly wage for production and non-production employees
separately, but specific information on working hours for the two categories are missing.

27In Italy, wages have been traditionally determined through nation-wide collective bargaining and do not vary
much by occupation. Overall, according to the Policy Brief, OECD 2004, the Employment Protection Index (EPI)
for Italy in 2003 was computed at 2.4. EPI ranges from 0, representing maximum flexibility, to 6, constituting the
maximum extent of employment regulation; in 2003 the highest value was recorded in 3.5, attributed to Portugal.

28Data on education by activity are available from the survey only in 2000. Berman, Bound and Griliches (1994),
Sachs and Shatz (1994) find similar results when using the eductation or other skill categories for US manufacturing.

29In calculating the probability, we made use of sampling weights to overcome the over-sampling problem described
in section 3.
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variable where the image of Lower or No Degree is set equal to 0, of High School Degree to 1 and of

Graduate Degree to 2, the correlation coefficient30 turns out to be 0.6.

β = (β1, β2)
′

is the vector of coefficients of interest; β1 captures the predicted difference on

Skilledit in response per unit difference in the fraction of foreign over total sales, Export Intensityit,

ceteris paribus; β2 accounts for the expected change in Skilledit with one unit change in the

share of R&D expenditure over turnover, R&D Intensity, partialling out the contribution of

Export Intensityit.

The final object of the present paper is the identification of causal coefficients; β in (1) may

not correspond to the true causal parameters as (1), arguably, suffers from problems of endogeneity

and reverse causality. Firms self-select their exporting status and make innovation decisions based

on their own characteristics, not always directly observable to the researcher; moreover, the theory

predicts a causal effect of relative skilled endowment on patterns of trade (Heckscher-Ohlin Model

and Rybczynski Theorem) and on direction of technical change (Directed Technical Change Model).

The model is, first, completed by the addition of vectors of time-varying and invariant controls,

uit = Xit ·λ
′+αi+ εit. A first differencing specification is preferred to an augmented version of (1),

∆ Skilledit = β1 ·∆Export Intensityit + β2 ·∆ R&D Intensityit +∆Xit · λ
′ +∆εit (2)

The purpose of model (2) is twofold; in fact, it allows to remove the effects of all possible time-

invariant factors and to decompose the total change of Export Intensityit/R&D Intensityit into an

expected and an unexpected31 components; for the variation in the intensity of the access in foreign

markets, as an example,

∆Export Intensityit = Export Intensityit − Export Intensityit−1

= Export Intensityit − Export Intensitye,tit−1
︸ ︷︷ ︸

Unexpectedit

+

+ Export Intensitye,tit−1
− Export Intensityit−1

︸ ︷︷ ︸

Expectedit

where Export Intensitye,tit−1
denotes the expectation, formulated at time t− 1 for time t, of relative

foreign shipments.

In what follows, I describe the identification conditions for β1; the characterization for β2 is fully

analogous.

I rely upon the Instrumental Variable technique. In fact, it provides a general framework for the

identification and estimation of causal coefficients, overcoming residual problems in specification (2)

where Unexpectedit is a natural candidate as an instrument for ∆Export Intensityit.

Since 1995 in each survey, the firms are required to formulate their expectations on the level of

total and foreign sales for year t32, denoting the year for which the data are collected as t− 1. At t,

30For given values of variables, the correlation coefficient is invariant, in absolute value, to affine transformations;
changing the values of variables, not according to an affine map, will affect, of course, the correlation coefficient.

31Figures 6 and 7 represent the average realized and expected relative foreign sales and investments in R&D,
respectively. The Unexpected Component will be obtained as the difference between the blue and red dots in the
picture.

32In the survey, the firms report their previsions for the level of total and foreign sales in a Table, next to the value
for the current year; the row entry reads Total (or Foreign) Sales from goods and services, while the column entry
indicates the reference year. The survey for a given year is compiled shortly after that year is over, so that the data
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when both levels of sales are realized, the excessive component over expectations, Unexpectedit =

Export Intensityit − Export Intensitye,tit−1
, could be interpreted as a shock to their relative sales.

The validity of this instrument is based upon the condition that any departure of the realized final

value from the prevision formulated at the beginning of the year is attributed entirely to external

factors, that have no direct influence on the skilled composition at the firm level. This assumption

appears to be more defensible for the access to foreign markets rather than for R&D expenditures:

if changes on foreign markets affected the relative employment and wages of skilled workers only

through an increment in exports, then the instrument for ∆Export Intensityit would be valid; on

the other side, the presence of skill-biased technological change33 argue against the validity of the

instrument for R&D expenditures.

If the external factors for the access to export markets does not have any effect on technological

innovations of firms as well as on other characteristics related to the firm’s relative labour demand,

then it will be possible to obtain consistent estimates for the effect of exports; I report the results

of regressions in which only ∆Export Intensityit has been instrumented in Section 5. Moreover,

the sample period includes the years around the adoption of the Euro, the official currency of the

Eurozone. It was established by the provisions in the 1992 Maastricht Treaty and was introduced

in Italy as well as in other in non-physical form on 1 January 1999. Euro coins and notes were

introduced gradually and became legal tender only in 2002. As around 80% of Italian exports34 are

destined to European markets, the adoption of the new currency can be considered as an important

factor affecting Italian firms’ foreign sales35, but arguably it might have played a minor role on

labour market reallocations. The European Union’s Internal Market seeks to guarantee the free

movement of goods, capital, services, and people. By 1994, Italy had recognised the principle of

Free Movement of Workers among European States; with the EU enlargement in 2004, the principle

was extended to the new members to the European Community. On the basis of this historical

background, the validity of the instrument for export intensity is more likely to be satisfied when

restricting the analysis to the period 2000-2003. However, I cannot completely exclude the presence

of other factors that might induce a violation of the relevant exclusion restriction.

The recent literature36 suggests that technological advencement is endogenous to trade liber-

alization. Increased international trade might induce skill-biased technical change: in fact, after

opening to trade non-technologically leading countries might find convenient to adopt the technolo-

gies developed in the most advanced countries; in presence of complementarities with skilled labour,

the adoption of the new technologies induces an outward shift in the relative skilled-labour demand

of firms. This mechanism suggests that external factors, such as reduction in trade barriers and

foreign technologies, might have an effect on individual firm’s technological decision in less devel-

oped countries. However, the position of Italy37 among the most technologically developed countries

might serve to argue against this possibility.

In order to provide stronger support for the causal linkage between trade/technology and relative

for what is referred as current year are finalized.
33Bratti and Matteucci (2005) found some support for skill-biased technological change (SBTC). They show that,

if using the ratio of production/non-production workers, SBTC operates through the reduction of blue collars.
34Based on the data available from INVIND.
35The adoption of the a single currency has, in fact, nullified conversion risks and promoted price transparency, two

factors hindering international trade.
36See Acemoglu (2003) for a theoretical refernce.
37In 2006 and 2007, the Economist Intelligence Unit ranked Italy 25th, based upon a criterion for the adoption of

information and communications technology.
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skilled demand, I will define an alternative identification strategy for the empirical analysis. Since

in each year firms are required to formulate expectations for the following period, previsional values

are predetermined and can be used to predict the actual values for both foreign sales and R&D

expenditures. The predicted values can be used to construct the variation of the relevant endogenous

variables as well as decompose it into the predicted unexpected change, an alternative instrument

for the estimation of (2). Formally, referring to Export Intensityit,

Unexpected2it = ˆExport Intensityit − Export Intensitye,tit−1

where ˆExport Intensityit = γ̂0+ γ̂1Export Intensitye,tit−1
+Zitγ̂. Including time-invariant and some

time-varying regressors38 to the model for the estimation of Export Intensityit, the main threat

to identification relies on the presence of other factors, not added to the stage of the estimation of
ˆExport Intensityit, that might influence both the formation of expectations and the firm’s labour

market demand. A learning process for the formulation of expectations and labour market conbdi-

tions occurring at the firm level might constitute such a factor; its existence, unfortunately, has only

to be ruled out by assumption.

To conclude this section, I briefly skim through the additional controls of (2). I include the

initial level of penetration in foreign markets, Export Intensityit−1 , to account for possible trends

in exports; the approximate relative flow of investments over total sales, Approx ∆ Kit,
39 to capture

the degree of complementarity/substitutability with skilled employment; the percentage change

in technical production ability, ∆ Techit,
40 to catch business cycle fluctuations; year and sector-

year41 dummies to capture year-specific and sector-year-specific shocks. Given specification (2),

all potential constant factors, such as risk-aversion, intertemporal elasticity of substitution and

additional firm-level idiosyncrasies are not affecting our results; in absence of panel data, though, it

is possible to imagine that those factors could have influenced the formulation of expectations and

cause the violation of the identification condition.

5. Results

The present section describes the outcome of regression analysis. In all regressions, each observation

is weighted by the inverse probability of being drawn in a given year; this is done for two reasons.

38The model for the estimation of Export Intensityit will be characterized using the same regressors which will be
added to (2) in differenced form. For more details, see Table 6 in next section.

39The survey reports data on expenditures on investments, no measures of capital stock. Let K represent the capital
stock and Y the final output and assume equal and approximately constant prices for capital stock and final output;
the relative flow of investment can be derived as

˙(

K

Y

)

=
K̇

Y
−

Ẏ

Y
·

K

Y

In absence on explicit data on capital stock, we determine the flow of investments assuming different values for the
ratio, K

Y
; in particular, we choose different values between a lower bound of 0.5 and an upper bound of 2.5. The

distinct measures of relative change in capital stock do not affect the results; moreover, data from BACH, a database
containing harmonised annual statistics of non financial enterprises confirm an average value for K

Y
close to 1 for

firms with similar characteristics to those included in INVIND. Finally, the lumpiness of investment is accounted by

replacing the crude measure for
˙(

K

Y

)

with smoothed moving averages at one or two lags; again, the effect on results

will be modest.
40Technical production ability is defined as the maximum production, achievable with tools and machinery at

full-load, with no modifications to work shifts.
41We use the ATECO classification of sectors at 2-digit level.
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First, the results can be correctly interpreted in terms of the average firm in the population. Second,

this technique removes any effect of structural breaks due to changes in the sampling procedure.

In this whole section, the dependent variable is specified as the change in the relative composition

of skilled employment, ∆ Skillit. Of initial 8232 observations, I drop the cases in which firms merge

or spin-off, as I have some concerns that those cases might drive our results. In fact, in an OLS

specification, in cases of mergers or spin-offs, the variability of ∆ Skillit, ∆ Export Intensityit

and ∆ R&D Intensityit is likely to be affected, creating spurious correlation patterns. For my

IV specification, if mergers and spin-offs are orthogonal to the formulation of expectations, the

observations need not to be removed from the analysis. The timing of formulating expectations vs

that of mergers\spin-offs would be crucial to evaluate this orthogonality condition. As I do not have

this detail of information and for reason of comparability with OLS estimates, I concentrate on a

sample of 7,497 observations for the whole section.

The first 3 columns of upper panel of Table 3 report the results of specifications in which no

variable is instrumented.

Table 3: Effects on Skill Composition
Dependent Variable: Delta Skill, relative skilled occupation42

OLS Complete IV
VARIABLES (1) (2) (3) (4) (5) (6)

∆ Exp Int 0.01 0.011 0.012 0.086** 0.089*** 0.088***
(0.025) (0.025) (0.024) (0.034) (0.034) (0.032)

∆ ReD Int 0.005 0.004 0.003 -0.007 -0.009 -0.006
(0.016) (0.016) (0.016) (0.015) (0.016) (0.015)

Approx ∆ K - - 0.008 - - 0.01*
- - (0.005) - - (0.005)

∆ tech - - 0.000 - - 0.000
- - (0.000) - - (0.000)

Exp Intensityt−1 - - 0.003 - - 0.006
- - (0.003) - - (0.004)

year dummies NO YES NO NO YES NO
year-sector dummies NO NO YES NO NO YES
Observations 7,497 7,497 7,497 7,497 7,497 7,497
R-squared - 0.001 0.04 - - 0.038

First Stage Regressions
∆ Exp Int ∆ ReD Int

VARIABLES (1) (2) (3) (4) (5) (6)

Unexpected 0.378*** 0.377*** 0.39*** 0.004 0.004 0.004
(0.04) (0.04) (0.035) (0.006) (0.006) (0.005)

Unexpected ReD 0.047 0.047 0.045 0.894*** 0.894*** 0.915***
(0.036) (0.037) (0.036) (0.09) (0.09) (0.08)

add. var.s43 NO NO YES NO NO YES
year dummies NO YES NO NO YES NO
year-sector dummies NO NO YES NO NO YES
Observations 7,497 7,497 7,497 7,497 7,497 7,497
R-squared 0.261 0.265 0.33 0.799 0.8 0.827
F-stat44 49.96 49.46 67.7 53.89 53.67 77.59
Partial R-sq45 0.261 0.261 0.274 0.799 0.8 0.817

42*** 1%, ** 5% and *10% level of significance. Standard errors is reported in parenthesis. The same legend applies
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In presence of exogenous characterization for innovation and trade, changes in export or R&D

intensity are positively associated to relative skilled occupation, but the coefficients of both variables

are not significantly different from zero.

The results for endogenizing trade and R&D decisions, following the first identification strategy

described in the previous section, are reported in last three upper columns, which I regard as the

benchmark case. The lower panel of Table 3 reports the results from the First Stage46 associated

to the IV regressions above. In particular, I note that the F-statistic of the excluded instruments is

well above the critical value of 747, determined by Stock and Yogo (2002), for weak identification;

this outcome should, however, be interpreted with caution, as those critical values are valid only in

presence of i.i.d. standard errors48

Moving back to reduced form estimates associated to the IV regressions of the last columns of

the upper portion of Table 3, the effect of trade on non-production employment remains positive

but gains significance; in particular, a 10% increase in export intensity is associated to an rise by

approximately 0.9% in ∆ Skillit. The direction of the change in the coefficient on ∆ Exp Intit

with respect to the OLS estimation is not necessarily related to a negative correlation between the

endogenous variable and the unobservable49. In a two endogenous variables-two instruments model,

the sign of the bias depends on weighted relative magnitudes of the covariances between endogenous

regressors and idiosyncratic components50.

Variations in relative R&D expenditure, instead, seem not to have a significant effect in the pro-

cess of upskilling of the work force in Italian Manufacturing Industries. The sign of the coefficient

of ∆R&D changes between the two groups of models: from a positive sign, which can be influ-

enced by problems of endogeneity, it becomes negative in the last three columns, suggesting some

substitutability between skilled employment and technological innovations. A final remark must be

addressed to the change in capital stock; the coefficient of Approx ∆ K, as expected, shows some

degree of complementarity with respect to skilled occupation.

Table 4 provides some evidence on the validity of the identification conditions, based on the

discussion in Section 4. The first 3 columns report the results of regressions when only ∆ Exp Int

to other tables with regression outputs.
43Unless differently specified, the additional variables refer to Approx ∆ K, ∆ tech and Exp Intensityt−1.
44Of excluded instruments.
45Of excluded instruments.
46The results for first stage regressions for Table 5 and 9 are reported in the appendix; in all other cases, the First

Stages are not reported, but no substantial changes are observed for the estimates and the F-statistics are always
larger than the critical value for weak identification; in fact, th main difference in the additional First Stages is due
to the number of observations on which the analysis is conducted. All non-reported first stages are available from the
author upon request.

47This is the reference critical value in presence of 2 included endogenous regressors, 2 instrumental variables and a
desired maximal size of 10% when the significance level of the Wald test is 5%. For more details, see Stock and Yogo
(2002).

48To my knowledge, no compilation of heteroskedasticity/autocorrelation-robust critical values is available at
present.

49It could be the case in presence of errors-in-variables
50It is easy to show that, in a general two endogenous variables-two (exogenous) instruments case,

β1;OLS = β1;IV +
Cov (x1, u)V ar (x2)− Cov (x2, u)Cov (x1, x2)

V ar (x1)V ar (x2)− Cov (x1, x2)
2

where β1;OLS and β1;IV are the coefficients associated to x1 using an OLS or an IV estimation technique, respectively;
(x1, x2) are the endogenous variables and u denote the unobservable. Using data from the sample, it is possible to
estimate all quantities not involving u = ∆εit; identifying x1 as ∆ Exp Intit and x2 as ∆ ReD Int, I found that the
sign of the above fraction depends exclusively on the numerator and could be negative.
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has been instrumented, while the last three column restrict the analysis to 2000-200351, the period

around the official adoption of the Euro, but before the enlargement of the European Community,

for which the validity condition for the instrument for export intensity is more likely to be verified.

The results reported in columns (3)-(6) treat ∆ ReD Int as an endogenous regressors; they are

almost unchanged if ∆ Exp Int is the sole regressor to be instrumented52

Table 4: Effects on Skill Composition (Checking the Identification Validity)
Dependent Variable: Delta Skill, relative skilled occupation

Single Instrument 2000-2003
VARIABLES (1) (2) (3) (4) (5) (6)

∆ Exp Int 0.086** 0.088*** 0.088*** 0.084* 0.084* 0.092**
(0.034) (0.034) (0.031) (0.048) (0.048) (0.044)

∆ ReD Int 0.004 0.004 0.003 0.01 0.011 0.038
(0.016) (0.016) (0.016) (0.05) (0.052) (0.051)

Approx ∆ K - - 0.01* - - 0.007
- - (0.005) - - (0.008)

∆ tech - - 0.000 - - -0.000
- - (0.000) - - (0.000)

Exp Intensityt−1 - - 0.006 - - -0.001
- - (0.003) - - (0.01)

year dummies NO YES NO NO YES NO
year-sector dummies NO NO YES NO NO YES
Observations 7,497 7,497 7,497 2,486 2,486 2,486
R-squared - - 0.038 - - 0.038

First Stage Regressions
∆ Exp Int ∆ ReD Int

VARIABLES (1) (2) (3) (4) (5) (6)

Unexpected 0.379*** 0.377*** 0.39*** 0.323*** 0.323*** 0.342***
(0.04) (0.04) (0.035) (0.072) (0.06) (0.062)

add. var.s53 YES YES YES YES YES YES
year dummies NO YES NO NO YES NO
year-sector dummies NO NO YES NO NO YES
Observations 7,497 7,497 7,497 2,486 2,486 2,486
R-squared 0.261 0.265 0.33 0.226 0.227 0.31
F-stat54 87.88 88.01 125.52 11.56 11.55 17.02
Partial R-sq55 0.261 0.261 0.273 0.226 0.226 0.253

Any change in the relative access to the export markets can be explained on a double ground.

Beside any variation in foreign sales, the final change can be brought by a reduction of the domestic

turnover, resulting in lower total sales. In order to focus on changes in relative skilled employ-

ment due exclusively to a change in exports, we apply a decomposition to our main regressor,

∆ Export Intensityit. The decomposition is a mere application of the idea of incremental ratio for

51Including 1999 in the restricted sample period does not change the results.
52The only difference is to be found in the First Stage F statistics, which are larger.
53In all regressions, ∆ R&D has been added in (1)-(3), Unexpected ReD in (4)-(6) as regressors; in columns (3)

and (6) the usual controls, Approx ∆ K, ∆ tech and Exp Intensityt−1 are added.
54Of excluded instruments.
55Of excluded instruments.
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discrete changes; in fact, it is possible to re-write56 it as

∆ Export Intensityit = ∆ Foreignit −∆ Domesticit (3)

where the first component, which I want to focus on, captures the variation to export intensity

attributable to an absolute change in exports, holding costant domestic sales; the second component

discounts for the effect of any change in the domestic market, with no alteration to foreign sales.

Columns (1)-(4) of Table 5 shows the results of IV regressions, treating ∆ Domesticit as an

exogenous variable. Except for the decomposition of ∆ Export Intensityit, the models specified

are referred to (2) and analogous to those in Table 3. In the first two columns, ∆ Foreignit is in-

strumented by Unexpectedit; in (3)-(4) we apply the same decomposition as in (3) to Unexpectedit,

distinguishing the overall shock into a component associated to changes in access to foreign markets,

Foreign Shockit, and one other component capturing effects of the domestic market,Domestic Shockit
57;

then, I instrument ∆ Foreignit only with the more appropriate unexpected component, Foreign Shockit.

Table 5: Effects on Skill Composition: Decomposition by Markets
Dependent Variable: Delta Skill, relative skilled occupation

VARIABLES (1) (2) (3) (4) (5) (6)

∆ Domestic -0.063** -0.030 -0.06** -0.030 -0.080** -0.051
(0.026) (0.025) (0.026) (0.025) (0.035) (0.042)

∆ Foreign 0.109** 0.141** 0.095* 0.125** 0.096* 0.122*
(0.048) (0.055) (0.050) (0.048) (0.050) (0.064)

∆ R&D -0.008 -0.006 -0.008 -0.005 -0.009 -0.006
(0.015) (0.016) (0.016) (0.015) (0.016) (0.015)

Approx ∆ K - 0.022** - 0.020** - 0.018*
- (0.009) - (0.009) - (0.011)

∆ tech - 0.000 - 0.000 - 0.000
- (0.000) - (0.000) - (0.000)

Exp Intensityt−1 - 0.006 - 0.006* - 0.006*
- (0.004) - (0.004) - (0.004)

year dummies YES NO YES NO YES NO
year-sector dummies NO YES NO YES NO YES
Observations 7,497 7,497 7,497 7,497 7,497 7,497
R-squared - 0.03 - 0.035 - 0.036

Finally, in columns (5)-(6), ∆ Domesticit is considered endogenous. In fact, theoretical and

empirical evidence suggests that exporting firms have better qualities than firms operating exclusively

on the domestic markets and their foreign shipments amount to a small fraction of total production;

therefore, relative domestic sales can be considered an additional index of unobserved heterogeneity

among firms. If Foreign Shockit is orthogonal to this source of heterogeneity, the results of the

estimated model should not change much in case ∆ Domesticit is also instrumented58.

The decomposition of Unexpectedit has provided me a simple way to solve this additional issue

of endogeneity: Domestic Shockit can be used as an instrument for ∆ Domesticit.

56For a complete derivation and definition of all variables, see Appendix A.
57The possibility to construct Foreign Shockit and Domestic Shockit as two separate instruments relies upon the

fact that firms are required to formulate expectations on foreign and total sales separately.
58In support of the validity of Foreign Shockit as an instrument for ∆ Foreignit, note that the estimated effect of

∆ Foreignit on ∆ Skillit is not significantly different between the specifications of column (3)-(4) vs (5)-(6).
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Since any change in ∆Export Intensityit nets out the effect on the domestic market, I ex-

pected to detect a larger impact of ∆ Foreign on ∆ Skillit, when compared to the effect of

∆Export Intensityit in the benchmark specification; the findings in Table 5 confirm my prior.

Moreover, the coefficient of ∆ Foreignit remains significant in all specifications, in opposition to

that on ∆ Domesticit that lose any significance in the full-control models (2), (4) and (6). I interpret

these results as suggesting that that part of the upskilling trend in Italian manufacturing is brought

about by changes in exports per sé. Table 5 serves also as a confirmation for the absence of any

significant effect of R&D in shifts of relative skilled employement.

The outcome from implementing the second identification strategy is shown in Table 6. The

lower panel of Table 6 reports the (pseudo) first stage estimates for the construction of the instru-

ments. Columns (1)-(2) and (5)-(6) report the first stage for the estimates of Exp Intensityit and

ReD Intensityit; columns (1) and (5) display the results from baseline regressions, while (2) and (6)

show the estimates with the complete specification59. In columns (3) and (4), only Exp Intensityit

is treated as an endougenous variable and Expected Exp Inte,tit−1
is considered the sole instrument.

Despite the fact that the outcome of the lower panel cannot fully considered as the actual First

Stage, due to the successive construction procedure, I note that the F-statistics of excluded instru-

ment are below the critical values of weak identification60. Due to concerns of weak identification,

the robustness checks of next section will be conducted using only the first identification strategy.

The upper panel of Table 6 reports the results from the reduced-form regressions. In columns (1)-

(2), the alternative identification strategy has been applied to both Exp Intensityit andReD Intensityit;

in columns (3)-(4), I construct the alternative unexpected variation only for ∆ Exp Int. The re-

sults are subject to almost no change. If compared to the estimates presented above, ∆ Exp Int

continues to exercise a positive influence on the process of upskilling in the Italian Labour Market

for Manufacturing Industries; its coefficient, though, is half the size of the result obtained with the

previous identification strategy. ∆ ReD Int remains not significantly different from zero.

6. Robustness Checks

In this last section, I propose different specifications to examine the results of the effect of trade and

technological change on skilled demand at firm level, derived in previous section, and to evaluate

their robustness.

The models estimated in Table 3 and 5 are not restricted to a closed longitudinal panel; in fact,

under the assumption that formulating expectation is uncorrelated with performance of firms63, the

entry/exit of firms from the dataset due to economic indicators should not affect the results. In order

to verify this assumption I consider a subset of our initial sample of 7,497 observations, including

only those firms, that, once selected, remain in the dataset until 2009, the last year for which any

information is available. This amounts at restricting the attention to 2,947 observations. I regard

59In all regressions, Exp Intensityit−1 and ReD Intensityit−1 have been added; a measure of equipment utilization
has been added in (2), (4) and (6) as regressor.

60As noted above, the critical value for weak identification is 7 in presence of 2 included endogenous regressors, 2
instrumental variables and a desired maximal size of 10% when the significance level of the Wald test is 5%; 16 with
1 endogenous regressors and a single instrumental variables, with the same significance sizes.

61In all regressions, Exp Intensityit−1 and ReD Intensityit−1 have been added; a measure of equipment utilization
has been added in (2), (4) and (6) as regressor.

62Of excluded instruments.
63One of the T-tests we discussed in section 4 found no significant differences between the unexpected component

of firm recording profits vs firms recording losses.
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Table 6: Effects on Skill Composition, Alternative Identification Strategy
Dependent Variable: Delta Skill, relative skilled occupation
VARIABLES (1) (2) (3) (4)
(5)

∆ Exp Int 0.040** 0.041** 0.040** 0.041**
(0.019) (0.019) (0.019) (0.019)

∆ ReD Int -0.040 -0.015 - -
(0.05) (0.064) - -

-
Exp Intensityt−1 0.013* 0.016** 0.013* 0.016**

(0.007) (0.008) (0.007) (0.008)
ReD Intensityt−1 -0.006 -0.006 -0.01 -0.005

(0.044) (0.049) (0.044) (0.048)
add var.s NO YES NO YES
year-sector dummies NO YES NO YES
Observations 7,497 7,497 7,497 7,497
R-squared - 0.045 - 0.045

(Pseudo) First Stage Regressions
Exp Intensityit ReD Intensityit

VARIABLES (1) (2) (3) (4) (5) (6)

Expected Exp Inte,tit−1
0.134*** 0.128*** 0.134*** 0.128*** -0.004 0.000
(0.037) (0.036) (0.037) (0.036) (0.11) (0.011)

Expected ReD Inte,tit−1
-0.102 -0.069 -0.102 -0.069 0.203 0.292***
(0.16) (0.187) (0.16) (0.187) (0.137) (0.104)

add. var.s61 YES YES YES YES YES YES
Fixed Effects YES YES YES YES YES YES
year-sector dummies NO YES NO YES NO YES
Observations 7,497 7,497 7,497 7,497 7,497 7,497
R-squared 0.399 0.431 0.399 0.431 0.06 0.166
F-stat62 6.76 6.19 13.2 12.28 3.54 4.24
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the fact that sample selection may be uncorrelated to the instrumental variables used in our work

as an acceptable assumption and we test exclusively the effect of exit on the findings of previous

section.

I report the results in Table 7. Columns (1)-(2) repeat the estimation exercise of columns (5)-

(6) of Table 3 on the new sample. Despite less precisely estimated, due to the substantial drop in

the number of observations I can use, the coefficients of ∆Export Intensityit are not significantly

different from those in columns (5)-(6) of Table 3. Columns (3)-(6) report also the results of decom-

position of ∆Export Intensityit, analogous to the elaborations in Table 5, (1)-(4). Also in this case,

comparable coefficients estimated on the two different sample are not significantly different. Once

more, this exercise confirms the existence of an effect of exports on the relative skilled employment

in Italian Manufacturing, while R&D Intensity is not found significant.

Table 7: Closed Panel Regressions
Dependent Variable: Delta Skill, relative skilled occupation

VARIABLES (1) (2) (3) (4) (5) (6)

∆ Exp Int 0.122* 0.128* - - - -
(0.066) (0.065) - - - -

∆ Domestic - - -0.099* -0.072 -0.103** -0.074
- - (0.052) (0.047) (0.052) (0.048)

∆ Foreign - - 0.141* 0.172* 0.154 0.189*
- - (0.084) (0.091) (0.050) (0.111)

∆ R&D -0.063 -0.078 -0.063 -0.085 -0.063 -0.085
(0.058) (0.065) (0.057) (0.065) (0.057) (0.065)

Approx ∆ K - 0.005 - 0.019 - 0.021
- (0.007) - (0.012) - (0.014)

∆ tech - 0.000 - 0.000 - 0.000
- (0.000) - (0.000) - (0.000)

Exp Intensityt−1 - 0.002 - 0.003 - 0.003
- (0.005) - (0.005) - (0.006)

year dummies YES NO YES NO YES NO
year-sector dummies NO YES NO YES NO YES
Observations 2,947 2,947 2,947 2,947 2,947 2,947
R-squared 0.009 0.189 0.003 0.181 0.001 0.179

Another concern is related to the timing of adjustment: differently from the framework analyzed

by Poterba (1994)64, there’s no formal obligation that imposes on firms an adjustment as soon as the

shock occurs, except that delaying might be the cause of a negative short-term economic performance.

As data on expectations at lead longer than 1 year are not available and expectations formulated

at different time lags, in general, cannot be expected to coincide65, we decided to investigate the

effects on skilled composition at different leads. Table 8 reports the results when moving forward

the dependent variable by 1, 2 and 3 time periods: as usual, two specifications are adopted for each

case, a basic, characterized only by ∆Export Intensityit, ∆R&Dit and temporal dummies, and a

full-control model.

The coefficients on ∆Export Intensityit are never significant66 and the fact that the magnitude

64Poterba analysis the effect of shocks to government expenditure. In his case, the adjustments must take place
within one time period by their occurence, as it is dictated by state budget discipline.

65If agents are rational, expectations formulated at different time lags differ by random shocks; only on average the
equality would hold. This standard result is known as the Law of Iterated Expectations.

66Despite they are not reported, the absence of significance characterizes all possible models at further leads.
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Table 8: Effects on Skill Composition: Moving ∆Skill forward
Dependent Variable: indicated on columns

∆ Skillit+1 ∆ Skillit+2 ∆ Skillit+3

VARIABLES (1) (2) (3) (4) (5) (6)

∆ Exp Int 0.038 0.044 0.021 0.018 -0.033 -0.011
(0.035) (0.036) (0.027) (0.027) (0.04) (0.045)

∆ R&D -0.002 -0.011 -0.056 -0.021 0.051 -0.042
(0.02) (0.014) (0.063) (0.06) (0.088) (0.098)

Approx ∆ K - 0.000 - -0.011* - -0.012*
- (0.009) - (0.007) - (0.007)

∆ tech - 0.000 - 0.000 - 0.000
- (0.000) - (0.000) - (0.000)

Exp Intensityt−1 - 0.000 - 0.006 - 0.006
- (0.004) - (0.005) - (0.007)

year dummies YES NO YES NO YES NO
year-sector dummies NO YES NO YES NO YES
Observations 5,782 5,782 4,625 4,625 3,683 3,683
R-squared - 0.01 0.002 0.06 0.004 0.064

of coefficients is decreasing as further leads are selected for the dependent variable is suggestive of

a decaying effect as time goes by. The lack of significance seems to indicate that the fundamental

adjustment in the labor market is carried out in conjunction to the occurrence of shocks to exports,

confirming our working hypothesis for the status of labor as flexible factor of production67.

A final robustness checks is addressed to investigate the effects of different modes of internation-

alization, focusing in particular on foreign direct investments (FDI) vs exports. The displacement of

production facilities abroad might cause a reallocation of work force in favour of skilled employment

in the domestic country; then, I want to separate the effect of shifts in skilled employment due to

exports vs those due to FDI. The key variable, ∆ Foreign Productionit I add to (2) is based on a

question, inserted in 2004 survey, which asked to indicate the onset, in years, of any international

activity; ∆ Foreign Productionit is modeled as an indicator variable captures the change in FDI:

it takes value equal to unity in the year in which the firm starts investing abroad, −1 if it abandons

any foreign activity and zero if nothing changes with respect to the previous period. I implicitly

postulate the existence of sunk costs for FDI: once started, the cost to invest is revealed larger than

costs of dismissing the activity68; therefore ∆ Foreign Productionit can take two possible values, 1

in the year in which the firm starts any foreign activity, 0 otherwise. Table 9 shows the results of

regressions with the addition of ∆ Foreign Production, applying also the decompositions described

in section 6.

In the first two specifications,I make use of model (2), as usual, varying the number of controls;

columns (3)-(6) report the results for the decomposition of ∆ Export Intensityit, comparable to

columns (3)-(6) in Table 5. Estimated coefficients appear unchanged if compared with the corre-

67In classical production theory, the flexibility of labor emerges in comparison to other factors of production, such
as land or capital. Besides theoretical connotation, the hypothesis of flexibility of labor, in our studying case, is
supported by yearly period of adjustments and by the availability of fixed-term, part-time labor contracts.

68The reasonableness of this assumption can be gauged under some statistical evidence referred to the same sample.
From data collected in 2006 wave of the survey, out of 156 firms reporting positive employment in 2000, only 8
completely dismissed their work force in 2006 and out of 149 cases of positive foreign turnover in 2000, only 10 signaled
no sales abroad in 2006. With the application of a linear discounting, this implies an average yearly probability lower
than 1% of switching from the status of multinational to domestic firm.
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Table 9: Effects on Skill Composition: Internationalization
Dependent Variable: Delta Skill, relative skilled occupation

VARIABLES (1) (2) (3) (4) (5) (6)

∆ Exp Int 0.088*** 0.088*** - - - -
(0.034) (0.032) - - - -

∆ Domestic - - -0.06** -0.03 -0.08** -0.051
- - (0.026) (0.025) (0.035) (0.042)

∆ Foreign - - 0.095* 0.125** 0.096* 0.122*
- - (0.051) (0.062) (0.05) (0.064)

∆ R&D -0.009 -0.006 -0.008 -0.005 -0.009 -0.006
(0.016) (0.015) (0.016) (0.015) (0.016) (0.015)

∆ Foreign Prod 0.003 0.008 0.003 0.01 0.003 0.009
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)

Approx ∆ K - 0.01* - 0.021** - 0.018*
- (0.005) - (0.009) - (0.011)

∆ tech - 0.000 - 0.000 - 0.000
- (0.000) - (0.000) - (0.000)

Exp Intensityt−1 - 0.006 - 0.006* - 0.006*
- (0.004) - (0.004) - (0.004)

year dummies YES NO YES NO YES NO
year-sector dummies NO YES NO YES NO YES
Observations 7,497 7,497 7,497 7,497 7,497 7,497
R-squared - 0.038 - 0.035 - 0.036

sponding specifications.

I conclude this section by showing the regression analysis for logWage Premium, the relative

wage of white collars if compared to blue collars. Data on remunerations are available since 2002, but

are collected as gross annual wages by category of employment69, while no partitioned information is

available on numbers of hours. I assumed that executives and non-production workers equally split

the number of hours70 to derive an estimate of logWage Premium; the results characterize columns

(1)-(3) of Table 13, reported in the Appendix. Since INVIND reports also the total expenditure in

wages, it is possible to derive, residually, an estimation of gross annual wage of white collars, with

the standard inclusion of managers; columns (4)-(6) focus on this alternative specification71.

As expected, in presence of a rigid labor market, no significant effect of trade intensity can be

detected on ∆ logWage Premiumit
72; remarkably enough, the sign of the coefficient switches to

positive when managers are added to the analysis. The significance of R&D is also lost in the

full control models, in columns (3) and (6). No other variable shows a significant effect in both

specifications of ∆ logWage Premiumit.

As a final cross-checking, Table 14 reports the results related to interactions between relative

wages and employment. The dependent variable, ∆ log Interaction, measure the difference between

white and blue collars, due to wages and composition of the labor force at the firm level73. Columns

69The distinction is between blue-collars and white collars, from which managers are excluded.
70We found very little evidence on partition by number of hours
71We still need the assumption that there exists an equal division in the number of working hours between production

and non production workers to deal with a variable, logWage Premium, in euro per hour, which might be able to
capture in more clear way the variability across firms.

72The model is specified, as in previous cases, in first differences.
73The variable is constructed as the difference between white and blue collar of the logarithmic change in the

interaction of wages and employment for each group of workers.
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(1)-(3) use the reported data on wages for white collars (excluding executives); while columns (4)-(6)

I resort to a residual approach to calculate the wage of non-production workers (including executives).

The significance of the coefficient on ∆ Exp Int and the results from Table 13 confirm the findings

from the previous section: in absence of a direct effect on wages, changes in export intensity affects

the aggregate change in relative labor market conditions for white collars only through compositional

effects.

7. Conclusions

The present work explores the causes of the upskilling in the Italian labor market for Manufacturing

Industries, contrasting the two traditional factors cited to be responsible for, international trade and

skill-biased technological change. The issue is not new in the empirical literature74; this paper adds to

previous contributions because it provides a causal characterization of the possible relations between

the steady increase in the ratio of skilled relative to unskilled workers and its probable causes in

Italian Manufacturing Industries, by means of the Instrumental Variable Technique. In fact, this

method provides a solution to all endogeneities and problems of reverse causality, making the causal

interpretation of estimated coefficients possible. The variables of interest, Export Intensityit and

R&D Intensityit, measuring, respectively, the contribution of trade and technological change to the

phenomenon are instrumented by firm-level data on expectations for corresponding quantities.

I found that unexpected shocks to export intensity determine a reallocation of the work force

at the firm level; in particular a change in intensity of exports by 10% causes on average a relative

increase in skilled employemnt by 0.88%, referring to the benchmark specification. If the magni-

tude of the coefficient might appear almost irrelevant in absolute term, it must be rescaled to the

total change in Italian labor market of a cumulative relative increase of skilled composition by 13

percentage points over 25 years. By considering, at the same time, the aggregate change in export

intensity in the corresponding period, this work provide evidence that at least 10% of the change per

year in the skill composition in Italian Manufacturing can be explained causally in terms of trade.

The qualification of my results as a lower bound stems for the fact that the instrument I use might

capture and explain part of the variability of ∆ Export Intensityit, while other causation patterns

cannot be accounted for in my framework.

The effect of trade on relative skilled employment is shown to be quite robust in alternative

specifications and is in line with some of the results of previous works for EU and not-EU countries.

More controversial are the results on R&D expenditures: in contrast with what has been obtained

for US and UK, but in line with other evidence for Italy Spain and France, our analysis do not detect

any significant effect of innovation on skill composition. First, I need to remark that the variability in

Unexpected R&Dit is mainly driven by changes in aggregate sales75. In fact, in presence of rigidities

such as costly installation of investments, R&D expenditures may be subject to lumpy adjustments

and Unexpected R&Dit may not be a suitable instrument in my framework. Nonetheless, for the

identification of β, I kept on using Unexpected R&Dit in my specifications, but I do not interpret

the absence of significance of ∆ R&D Intensityit as conclusive evidence of no effect of techological

change on the upskilling in labor market.

74See footnote 24.
75Unexpected R&Dit measures, in fact, the unexpected shock to R&D Intensityit.
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Besides the problems related to the instrumental variable I use, the fact that the results for R&D

are in line with those of other Europeran countries encourages alternative justifications. A possible

interpretation of these results refers to embodied technological change: in presence of a prevailing

role of SMEs and of traditional sectors, most of the innovative process takes place in the form

of technologically advanced investments. Partial confirmation is to be found in the positive and

statistically significant correlation, in most specifications, between the relative skilled employment

and our measure of change in total capital stock. Another line of argument does not regard the

trade and the technology hypothesis as competing explanations. In the case of a not-technologically

leading country, cross-border exchanges might represent a measure of spillovers and technology

diffusion from the innovation frontier. If relying on this perspective, I could conclude that there

is no additional effect of innovation on relative skilled employment once technology imitation and

adoption from abroad is accounted for.

Finally, we do not find any significant effect of ∆Export Intensityit and ∆R&D Intensityit

on the relative wage of skilled employment. In particular, the results obtained in regressions on

wage premia must be explained under the consideration of the rigidity of Italian labor market:

most frequently in Italian Manifacturing Industries, wages are the outcome of nationwide collective

bargaining.
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A Mathematical Appendix

Unexpectedit =
Exportsit

Total Salesit
−

Exportsit−1

Total Salesit−1

=
Exportsit−1 +∆Exportsit
Total Salesit−1 +∆Totalit

−
Exportsit−1

Total Salesit−1

=
Domestic Salesit−1 ·∆Exportsit

Total Salesit−1 (Total Salesit−1 +∆Totalit)
+

−
Exportsit−1 ·∆Domestic Salesit

Total Salesit−1 (Total Salesit−1 +∆Totalit)

= ∆ Foreignit −∆ Domesticit

where

∆ Foreignit =
Domestic Salesit−1 ·∆Exportsit

Total Salesit−1 (Total Salesit−1 +∆Totalit)

∆ Domesticit =
Exportsit−1 ·∆Domestic Salesit

Total Salesit−1 (Total Salesit−1 +∆Totalit)

Total Salesit = Domestic Salesit + Exportsit

∆Totalit = ∆Domestic+∆Exportsit

The construction of the decomposition for Unexpectedit is analogous to previous derivation, replacing

values at t− 1 with expectations formulated at time t− 1 for t.
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B Additional Graphs and Tables

Table 10: Snapshot of Italian Industrial Sector, 1999 and 2009
Data from 1999

Variable Mean Std Deviation Median Min Max

Occupation 190.83 647.98 192 50 50649
Hirings 28.2 132.6 18 0 4398
Lay Offs 30.56 137.26 20 0 4033
Yearly Salary - - - - -
Foreign 0.103 0.303 0 0 1
Private 0.882 0.172 1 0 1
Performance 2.307 1.074 2 1 5
Exporters 0.896 0.306 1 0 1
Foreign Sales76 8022.34 48008.22 6667.98 7.23 4272414
Total Sales 22232.53 116210.1 17345.2 390.96 9396271
Investments 1856.12 9809.59 1096 0 573420
R&D Expenditures 284.23 4089.97 36.15 0 336404.5

Data from 2009

Occupation 184.13 463.29 134 50 23378
Hirings 13.73 51.8 6 0 1678
Lay Offs 19.78 56.45 11 0 1487
Yearly Salary 36946.5 7823.85 27035 12673 818092
Foreign - - - - -
Private - - - - -
Performance 2.82 1.293 2 1 5
Exporters 0.903 0.296 1 0 1
Foreign Sales77 21763.98 109282.6 11804 1 7894450
Total Sales 55710.65 254723.5 29861.5 574 1.76e7

Investments 1915.26 9540.45 674 0 553700
R&D Expenditures 543.78 6713.3 0 0 484104

78a 1%, b 5% and c10% level of significance. Standard errors are reported in parenthesis. The upper panel of
Table 11 report the First Stages associated to columns (1)-(4) of Table 5; the lower panel shows the first stage for the
reduced form regression in columns (5)-(6) of Table 5.

79In all regressions, ∆ Domestic has been added as a regressor; in columns (3) and (6) the usual controls, Approx
∆ K, ∆ tech and Exp Intensityt−1 are added.

80Of excluded instruments.
81Of excluded instruments.
82Of excluded instruments.
83Of excluded instruments.
84a 1%, b 5% and c10% level of significance. Standard errors are reported in parenthesis. The upper panel of

Table 11 report the First Stages associated to columns (1)-(2) of Table 9; the lower panel shows the first stage for the
reduced form regression in columns (5)-(6) of Table 9; the first stage for columns (3)-(4) is almost unchanged with
respect to the outcome reported in the upper panel of Table 11 and it has not been reported; it is available from the
author upon request.

85In all regressions, ∆ Foreign Prod has been added as a regressor; in columns (3) and (6) the usual controls,
Approx ∆ K, ∆ tech and Exp Intensityt−1 are added.

86Of excluded instruments.
87Of excluded instruments.
88In all regressions, ∆ Foreign Prod has been added as a regressor; in columns (3) and (6) the usual controls,

Approx ∆ K, ∆ tech and Exp Intensityt−1 are added.
89Of excluded instruments.
90Of excluded instruments.

24



Table 11: First Stage IV Regression for Table 578

Decomposition of ∆ Exp Int
∆ Foreign ∆ ReD

VARIABLES (1) (2) (3) (4) (5) (6) (7) (8)

Unexpected 0.272a 0.238a - - 0.004 0.006 - -
(0.032) (0.025) - - (0.006) (0.006) - -

For.Unexpected - - 0.343a 0.297a - - 0.01 0.013
- - (0.035) - - - (0.08) (0.08)

Unexpected ReD 0.023 0.028 0.039 0.04 0.894a 0.915a 0.895a 0.915a

(0.024) (0.02) (0.032) (0.029) (0.08) (0.08) (0.09) (0.08)
add. var.s79 YES YES YES YES YES YES YES YES
year dummies YES NO YES NO YES NO YES NO
year-sector dummies NO YES NO YES NO YES NO YES
Observations 7,497 7,497 7,497 7,497 7,497 7,497 7,497 7,497
R-squared 0.272 0.43 0.294 0.44 0.8 0.828 0.8 0.828
F-stat80 38.72 47.35 33.7 42.62 51.98 78.27 52.54 80.11
Partial R-sq81 0.176 0.154 0.201 0.167 0.8 0.817 0.8 0.817

Decomposition of ∆ Exp Int and Unexpected
∆ Foreign ∆ Domestic ∆ ReD

VARIABLES (1) (2) (3) (4) (5) (6)

For.Unexpected 0.347a 0.292a 0.025c -0.02 0.01 0.014
(0.043) (0.033) (0.035) (0.014) (0.008) (0.008)

Dom.Unexpected 0.405a 0.244a 0.563a 0.457a 0.016c 0.027a

(0.047) (0.04) (0.035) (0.06) (0.009) (0.01)
Unexpected ReD 0.034 0.036 -0.002 0.02 0.895a 0.916a

(0.033) (0.027) (0.021) (0.017) (0.09) (0.08)
add. var.s NO YES NO YES NO YES
year dummies YES NO YES NO YES NO
year-sector dummies NO YES NO YES NO YES
Observations 7,497 7,497 7,497 7,497 7,497 7,497
R-squared 0.27 0.44 0.4 0.5 0.8 0.829
F-stat82 26.4 30.2 33.05 31.17 36.76 53.97
Partial R-sq83 0.20 0.169 0.353 0.316 0.8 0.818
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Table 12: First Stage IV Regression for Table 984

Inclusion of a measure of Internationalization - Decomposition of ∆ Exp Int
∆ Exp Int ∆ ReD Int

VARIABLES (1) (2) (3) (4)

Unexpected 0.377a 0.39a 0.004 0.004
(0.04) (0.04) (0.006) (0.005)

Unexpected ReD 0.047 0.045 0.894a 0.915a

(0.037) (0.036) (0.09) (0.08)
add. var.s85 YES YES YES YES
year dummies YES NO YES NO
year-sector dummies NO YES NO YES
Observations 7,497 7,497 7,497 7,497
R-squared 0.265 0.33 0.8 0.827
F-stat86 49.47 67.71 53.66 77.57
Partial R-sq87 0.261 0.274 0.8 0.817

Decomposition of ∆ Exp Int and Unexpected, including a measure of Internationalization
∆ Foreign ∆ Domestic ∆ ReD

VARIABLES (1) (2) (3) (4) (5) (6)

For.Unexpected 0.347a 0.292a 0.025c -0.02 0.01 0.014
(0.043) (0.033) (0.015) (0.014) (0.008) (0.008)

Dom.Unexpected 0.405a 0.244a 0.563a 0.457a 0.016c 0.027a

(0.047) (0.04) (0.035) (0.06) (0.009) (0.01)
Unexpected ReD 0.034 0.036 -0.002 0.02 0.895a 0.916a

(0.033) (0.027) (0.021) (0.017) (0.09) (0.08)
add. var.s88 YES YES YES YES YES YES
year dummies YES NO YES NO YES NO
year-sector dummies NO YES NO YES NO YES
Observations 7,497 7,497 7,497 7,497 7,497 7,497
R-squared 0.27 0.441 0.401 0.5 0.8 0.829
F-stat89 26.39 30.2 33.04 31.2 36.76 53.95
Partial R-sq90 0.20 0.169 0.353 0.316 0.8 0.818

Table 13: Effects on Skill Premium
Dependent Variable: ∆ logWage Premium, change in the relative log wage of white collars

Without Managers With Managers

VARIABLES (1) (2) (3) (4) (5) (6)

∆ Exp Int -0.052 -0.047 -0.030 0.021 0.013 0.012
(0.075) (0.076) (0.074) (0.097) (0.098) (0.094)

∆ R&D 0.247 0.246 0.140 0.405* 0.382* 0.246
(0.150) (0.152) (0.159) (0.214) (0.212) (0.231)

Approx ∆ K - - 0.017 - - 0.010
- - (0.016) - - (0.019)

∆ tech - - 0.000 - - -0.000
- - (0.000) - - (0.000)

Exp Intensityt−1 - - -0.018 - - -0.010
- - (0.015) - - (0.018)

year dummies NO YES NO NO YES NO
year-sector dummies NO NO YES NO NO YES
Observations 4,593 4,593 4,593 4,543 4,543 4,543
R-squared - 0.003 0.065 - 0.007 0.067
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Table 14: Compositional Effects
Dependent Variable: ∆ log Interaction

Without Managers With Managers

VARIABLES (1) (2) (3) (4) (5) (6)

∆ Exp Int 0.448* 0.445* 0.415* 0.525** 0.508** 0.458**
(0.245) (0.243) (0.228) (0.242) (0.239) (0.227)

∆ R&D -0.325 -0.364 -0.680 -0.150 -0.211 -0.522
(0.613) (0.627) (0.549) (0.532) (0.552) (0.502)

Approx ∆ K - - 0.059 - - 0.049
- - (0.041) - - (0.041)

∆ tech - - -0.000 - - -0.001
- - (0.000) - - (0.001)

Exp Intensityt−1 - - -0.029 - - -0.026
- - (0.036) - - (0.037)

year dummies NO YES NO NO YES NO
year-sector dummies NO NO YES NO NO YES
Observations 4,589 4,589 4,589 4,542 4,542 4,542
R-squared - 0.002 0.075 - 0.002 0.078
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Figure 1: Fraction of Skilled over Total Employment 1984–2009
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Figure 2: Skill Premium 2001–2009
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Figure 3: Fraction of Foreign relative to Total Shipments 1984–2009
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Figure 4: Fraction of R&D Expenditure over Total Shipments 2001–2009
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