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Abstract This paper uses firm-level data recorded in the AMADEUS database to
investigate the distribution of labour productivity in different European countries. We
find that the upper tail of the empirical productivity distributions follows a decaying
power-law, whose exponent « is obtained by a semi-parametric estimation technique
recently developed by Clementi et al. [Physica A 370(1):49-53, 2006]. The emergence
of “fat tails” in productivity distribution has already been detected in Di Matteo et al.
[Eur Phys J B 47(3):459-466, 2005] and explained by means of a model of social
network. Here we show that this model is tested on a broader sample of countries
having different patterns of social network structure. These different social attitudes,
measured using a social capital indicator, reflect in the power-law exponent estimates,
verifying in this way the existence of linkages among firms’ productivity performance
and social network.
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1 Introduction

A consistent flow of research on firms’ and workers’ productivity regarding the
topic of technology innovation and diffusion has focused on generation and trans-
mission of innovations through networks of firms (Pittaway et al. 2004), or on the
relationship among social capital and productivity performance (Cohen and Prusak
2001).! As highlighted in Di Matteo et al. (2005), firms’ network plays a decisive
role in the imitation process of the innovative firms through which, according to
the evolutionary literature perspective, innovations originally conceived by a given
firm percolate outside it by imitation from other firms. In this way the innovation
flows through the network of contacts and communications between firms. The signi-
ficance of the underlying connection network comes into sight when the collec-
tive dynamics of the system is considered. As showed in several studies, above a
certain threshold of complexity, natural, artificial, and social systems are typically
characterised by networks with power-law degree distribution, i.e. “scale-free” net-
works (see, e.g. Albert and Barabdsi 2002). In very recent times, network theory
gained momentum in explaining firms’ performance also from a technical perspective.
The amazingly rapid progress that took place in information technologies since the
mid of "90s accounts for a noteworthy proportion of productivity growth. Contem-
porarily, it also broadened the role of networks in determining firms’ labour pro-
ductivity performances. The conjunct use of information networks along supply
or customer chains pushed toward a higher specialisation and improvement of
skills in labour force and, in general, leaded to remarkable changes in the com-
petencies needed within firms in order to maintain competitiveness on the market
(Motohashi 2007).

In this paper we extend the analysis of the relationship among network and pro-
ductivity in two directions. First, we exploit the link between social capital, social
network and productivity distribution among firms. We do not limit our analysis to
the firms’ network (see, e.g. Ahuja 2000), but we embed it in the study of social net-
work characteristics, treating therefore also the non-economic aspects that determine
the social environment in which firms operate and interact. According to Granovetter
(2005), the social network influences firms’ productivity through different channels:
the mutual acceptance and the prizing of technical skills inside the community of wor-
kers within a firm; the control exerted among colleagues, that determines the quality
of the effort and, therefore, the efficiency of single workers in a way analogous to
principal-agent models; the interpersonal ties, inside and outside the firms, enforced
by repeated interaction, that lead to a level of trust that eases the interrelations and the
flow of information.

The second aspect of novelty consists in the method of analysis. Indeed, the impact
of social network structure on productivity is quantitatively evaluated by means of
labour productivity distribution features, in order to verify whether and to which extent

I See Rogers (2003) for a comprehensive topic review.
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social systems and social capital favor the circulation of information and innovation
through networks of firms. The differences recorded among firms’ productivity levels
within a country determine the shape of productivity distribution. As evidenced by
Coleman (1988), stronger network ties make the circulation of information faster and
less expensive. This, in turn, may reduce the gap in performances across firms by
favoring the transmission of knowledge and innovations, and thus leading to a more
even distribution of productivity among firms. Therefore, in this paper we investigate
how differences in social capital reflect into disparities in productivity distribution
shapes and parameters.

The study proceeds as follows: in Sect. 2, it is examined whether labour productivity
follows a power-law distribution in a sample of 9 European countries. This assessment
is of particular interest, since the sample of countries in object is not homogeneous
from both an economic and a social point of view. The presence of power-law tails in
such different contexts might reveal that this emergence does not depend on a particu-
lar underlying social structure, but it is consistent over different systems. The estimates
of the power-law exponent are here obtained by means of the technique introduced
by Clementi et al. (2006). This method adopts a subsample semi-parametric boots-
trap algorithm for optimally selecting the number of extreme quantiles to be used in
the upper tail estimation, and thus ending up with less ambiguous estimates of the
exponent «. Furthermore, we model the network of firms along the lines of Di Matteo
et al. (2005, but see also Di Matteo et al. 2004): the use of this model allows to get
a quantitative measure of the role of the underlying network of firms in determining
the shape of productivity distribution. According to this work, the emergence of “fat-
tailed” distributions may be interpreted as the outcome of an analogous structure of the
network, which must show slow decaying tails in its degree distribution, and, there-
fore, a “scale-free” type behaviour.? In Sect. 3, the link between networks of firms and
social networks is illustrated by comparing the tail exponents of the labour productivity
distributions to a social capital indicator by country, and also testing if social capi-
tal influences the aggregate growth of productivity. Finally, Sect. 4 summarizes and
concludes.

2 Power-law decay in productivity distribution

Our aim here is to perform tail parameter estimations on labour productivity data
through a recently developed method. The labour productivity is defined as added
value over the amount of employees (where added value, defined according to stan-
dard balance sheet reporting, is the difference between total revenue and cost of
inputs excluding the cost of labour). The results are used in the remainder of this
section to link our empirical findings to a model of firms’ interaction across a complex
network.

2 Pammolli and Riccaboni (2001) sustain this interpretation by detecting power-law distributions in firms’
networks.
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Table 1 The number of companies from 1996 to 2005 on AMADEUS database (Bureau Van Dijk) in the
following countries and geographical sub-areas: Belgium (BEL), Finland (FIN), France (FRA), Germany
(GER), East Germany (EASTGER), West Germany (WESTGER), Italy (ITA), North Italy (NORTHITA),
South Italy (SOUTHITA), Netherlands (NET), Spain (SPA), Sweden (SWE) and the United Kingdom (UK)

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

BEL 4,205 4,396 4,733 5,076 5,378 5,698 6,104 6,240 6,258 1,314
FIN 981 1,432 1,416 1,752 1,901 2,030 2,283 2,470 2,451 1,255
FRA 9,239 10,745 12,450 13,045 13,570 14,204 15,468 15911 17,855 3,037
GER 1,453 1,497 1,656 1,661 1,961 2,126 3,807 4,404 4,278 751

EASTGER 186 192 233 246 274 269 512 583 599 107
WESTGER 1,267 1,305 1,423 1,415 1,687 1,857 3,295 3,821 3,679 644
ITA 10,904 11,861 12,087 13,742 14,360 14,995 16,492 13,574 16,715 3,586
NORTHITA 7,945 8,604 8,845 9,956 10,312 10,682 11,834 10,292 12,037 3,011
SOUTHITA 2,949 3,257 3,242 3,786 4,048 4,313 4,658 3,282 4,678 575

NET 1,404 1,643 1,884 2,685 2,616 3,221 3,961 4,112 3,825 807
SPA 6,551 7,382 8,356 9,020 10,123 11,378 12,472 12,736 12,300 228
SWE NA 2,437 3,674 5815 6,387 6,855 7,278 7,517 7,728 2,768
UK 4,205 10,563 11,578 12,545 13,679 15,082 16,482 17,342 17,687 5,996

NA data not available

2.1 Data and methodology

In this paper we have used the AMADEUS database, compiled by Bureau van Dijk
Electronic Publishing.? This data source contains firm-level data from all over Europe,
and is available in different sizes. Firms in this study are taken from the “TOP 250,000
Module”, including companies that fulfill one of three criteria regarding the magnitude
of operating revenues, total assets and the number of employees.* The analysis is
based on 10 years of data (1996-2005) for 9 countries (Belgium, Finland, France,
Germany, Italy, Netherlands, Spain, Sweden and the United Kingdom); for some of
them (Germany and Italy) we have also used data by geographical sub-areas (East/West
Germany and North/South Italy, respectively). The number of observations for each
year and country is shown in Table 1. It should be noted that the number of companies
for all countries is lower in 1996 and 2005 compared to all other years in the time span.
Therefore, results from these years should be used with caution, since they might not
be completely reliable.

From these data we have calculated the empirical complementary cumulative dis-
tributions (P> (x), being the probability to find a firm with productivity larger than
or equal to x), which show a very clear linear trend for large values of x in a log-log
scale, implying a non-Gaussian character with the probability for large productivities

3 Further details on the database can be found on the provider website: http://www.bvdep.com/en/amadeus.
html.

4 For France, Germany, Italy, Russia, Spain, the United Kingdom and Ukraine, the inclusion thresholds are
€15 million in operating revenues, €30 million in assets and 200 employees. For all the other countries,
they are €10 million in operating revenues, €20 million in assets and 150 employees.
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well described by a power-law behaviour, i.e. P~ (x) ~ x~“. To extract the value of
a we have used Clementi et al.’s (2006) subsample semi-parametric bootstrap algo-
rithm for data-driven selection of the number of observations located in the tail of the
distribution. This technique relies on the popular Hill’s (1975) maximum likelihood
estimator for the tail index «, given by

-1
1 m

o =] Zl [log x(u—i+1) = log xu—m] W
=

where 7 is the sample size, m the number of observations in the tail of the distribution
and the sample elements are put in descending order, i.e. x(y) = X(u—1) = -+ =
X(n—m) = -++ = X(1). As well known, the main problem connected with the Hill’s
estimator is the decision about an appropriate tail size, i.e. the optimal number of
observations m included in the calculation of «,,. This choice is accomplished by the
authors through minimisation of the finite-sample mean squared error (MSE) of the
estimator (1), so that an optimal m is defined by

* . # 2
m _argn}”mE|:(ozn1 —an) :|

where @, is an initial estimate from the original sample and & , is the estimate obtained
using the bootstrapped datasets drawn from a smoothed parametric distribution of n; <
n observations belonging to the null hypothesis of a complete sequence of goodness-
of-fit tests for Pareto-type tail behaviour. The number of bootstrap replications is
automatically chosen according to a three-steps procedure to achieve the desired level
of accuracy, where accuracy is measured by the percentage deviation of the estimate
obtained by running a finite number of bootstrap repetitions from the corresponding
ideal bootstrap quantity estimated with an infinite number of resamples (Andrews and
Buchinsky 2000). Since MSE comprises the variance and bias of the estimator, the
optimal estimate o' —making use of m™* observations lying in the tail—will be in this
way a balance between the former (which usually decreases with increasing tail size)
and the latter (which tends to increase with tail size).’

The point estimates of the tail exponent obtained by applying the semi-parametric
technique can be seen in Table 2. Inspection of the results reveals slight differences
among years and countries: for example, for some countries (Belgium, West Germany,
Sweden and the United Kingdom) we observe relatively homogeneous entries for the
tail indices, while for other countries (Finland, France, East Germany and Spain) the
estimate of « has a tendency to decrease in time; exceptions to these temporal patterns

5 Hill himself devised a data-analytic method for choosing m™* which is based on sequentially testing
appropriate functions of the observations for exponentiality. However, the application of this procedure
to our productivity data resulted in overestimation of the tail exponent compared to the semi-parametric
bootstrap algorithm. This appears to empirically support Hall and Welsh’s (1985) argument of a very gradual
deterioration of the exponential approximation, leading Hill’s method to largely overestimate m (and thus
a by Eq. (1)).
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are Germany, Italy, North and South Italy and Netherlands, for which the value of
o shows a sharp decrease around the beginning of the current decade. However, the
time interval under investigation is too short to decide whether these differences are
due to major economic and/or political-institutional changes which could have led to
a change of the extremal part of the distributions.®

2.2 Power-law-tailed distributions in firms’ interaction networks

Di Matteo et al. (2005) have provided a simple model of technological change through
a social network of interactions between firms to explain the occurrence of power-law
tails in the empirically observed productivity distributions. The general idea behind this
work is that a productivity-increasing technological innovation, originally introduced
and adopted by a certain firm, can spread over time to other firms by imitation if
they interact through a “scale-free” type network with degree distribution given by
p (k) ~ k~©@*D_The model predicts that the aggregate distribution for the productivity
of the ensemble of firms is given by a normalised sum of Gaussians with averages
distributed according with the connectivity in the network of interactions among firms.
Therefore, it is the special structure of the underlying network, having slow decaying
tails in its degree distribution, which shapes the aggregate productivity distribution.
This theoretical prediction results in good quantitative agreement with the empirical
results for the productivity distribution in France and Italy in the years 1996-2001
based on the “TOP 1.5 million Module” of AMADEUS database.’

Here we extend the analysis to actual empirical evidence coming from our dataset of
firms fulfilling the “TOP 250,000 Module” inclusion criteria. Figures 1 and 2 show the
log-log plot of the complementary cumulative distributions of labour productivity cor-
responding to the years 19962005 for two different countries: Belgium and the Uni-
ted Kingdom.® We find a quantitatively good agreement by considering an underlying
scale-free network with degree distribution given by p (k) o« k~@+D exp (—/k),
averages kl(l) = m + z;n directly proportional to the number of connections z; that
each firm / has in the network, and variance equal to o. We note that, although there
are several parameters to calibrate, the tail behaviour of the theoretical distribution is

6 For a more in-depth investigation of the tail behaviour, we have also fitted our data to the «-stable
distribution using the program STABLE (Nolan 1997, 1999a,b, 2001), available from JP Nolan’s website:
academic2.american.edu/~jpnolan. We noticed that only in a small number of cases the 95% confidence
intervals of the semi-parametric tail index estimates extend to the realm of stable laws, and that in a more
limited number of cases the tail index estimates calculated from the stable model are in a somewhat close
accordance with the semi-parametric ones. But this is to be expected, since semi-parametric tail index
estimation provides a tight fit of the distribution outer parts, whereas the stable law parameters are selected
to approximate the entire shape of the empirical distribution (DuMouchel 1983, Lux 1996).

7 In the “TOP 1.5 million Module”, British, French, German, Italian, Russian, Spanish and Ukrainian
companies are included if they satisfy at least one of the following criteria: operating revenues bigger
than €1.5 million; total assets bigger than €3 million; number of employees bigger than 20. For all other
countries, companies are included if their operation revenue is bigger than €1 million, or total assets are
bigger than €2 million, or the number of employees is bigger than 15.

8 Productivity data have been deflated by using the implicit GDP deflator (2000=100) taken from the OECD
Statistics Portal (www.oecd.org/statistics/).
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Fig. 1 Complementary cumulative distributions for the labour productivity in Belgium over the years
1996-2005. The theoretical behaviour (black solid line) is for« = 1.84, m = 33, n = 20, 0 = 16 and
B =05

controlled only by the power-law exponent «, while in the small and medium ranges
the other parameters have a larger influence. From our analysis we observe that the
theoretical curves (drawn as solid lines) fit well the empirical findings with « = 0.84,
m = 33, n = 20,0 = 16 and B = 0.5 for Belgium, and « = 0.88, m = 24,
n=11,0 = 16 and 8 = 0.6 for the United Kingdom. Very good levels of agreement
(not shown here but available upon request) have also been obtained for the other
countries considered in our study; the parameters used for the theoretical curves are
shown in Table 3. Notice that, although there is still matching between the theoretical
predictions and the empirical findings, the numerical values we need to theoretically
approximate the shape of the East German empirical distributions in an appropriate
way are somewhat different from those of the other countries. This might be due to the
limited number of entries this geographical area accounts for over the entire period of
investigation, which shapes the productivity distributions differently than the others,
especially in their outer parts.

3 Social network, social capital and economic performance

A huge literature focuses on the relationship among social capital and productivity
of economic units or organisations (see Cohen and Prusak 2001, among others). In
particular, some authors (e.g. Fukuyama 2000) tend to put emphasis on qualitative
aspects of the relationship network-capital, drawing the attention to the capability of
social capital within developed societies of linking heterogeneous social networks and
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Fig. 2 Complementary cumulative distributions for the labour productivity in the United Kingdom over
the years 1996-2005. The theoretical behaviour (black solid line) is fora = 1.88,m =24,n = 11,0 = 16
and 8 = 0.6

improving communication and information flows. Along these lines, our aim here is
to investigate whether social capital plays a role in the transfer of knowledge, infor-
mation, and technology through the social network of firms in a country (on this
point see in particular Ahuja 2000). The basic hypothesis is that a higher level of
social capital improves the efficacy of social network linkages, favoring and streng-
thening connections among agents, and lowering costs and time of communication
(Coleman 1988). In terms of the present study, a more effective social network reduces
the relative distances among firms’ productivity levels, since innovation and technolo-
gical information flow more rapidly and with lower costs (Granovetter 1985). Firms’
productivity, therefore, results more evenly distributed, and the power-law exponents
increase. The verification of this hypothesis introduces an original way to investigate
the relation among social capital of a country and economic performance at aggregate
level, since countries with different levels of social capital should display as well a
different power-law exponent in labour productivity distribution.

By social capital we mean the ‘features of social life-networks, norms, and trust,
that enable participants to act together more effectively to pursue shared objectives’
(Putnam 1995, pp. 664-665). This definition supports the choice of performing a
country-level analysis, since a nation is supposed to represent a homogeneous sample
as regards social network and institutional aspects. The concept of social capital was
firstly introduced in sociology with reference to groups or communities. The extension
of the concept at the country level, operated by political scientists, has been initially
subject to critics, especially as regards measurement and distinction among human and
social capital (Solow 1995). In more recent years, some of the cited studies performed
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Table 3 Model parameters used

to draw the theoretical curves for “© " " o B

all countries and geographical BEL 0.8 33 20 16 0.5

sub-areas
FIN 1 30 14 12 0.5
FRA 0.7 30 10 12 0.3
GER 1 36 15 18 0.9
EASTGER 1.3 10 6 8 10
WESTGER 1.1 35 18 16 1
ITA 1.1 32 13 18 1.5
NORTHITA 1.2 28 19 16 1
SOUTHITA 1.1 23 19 16 1
NET 0.8 34 14 16 0.6
SPA 0.8 21 13 18 0.2
SWE 0.9 30 7 12 1.5
UK 0.9 24 11 16 0.6

at country (Coleman 1988) and sub-country level (e.g. Di Giacinto and Nuzzo 2006)
demonstrated the usefulness of the concept of social capital, in particular for investi-
gating social network features. Besides, Putnam (2000) stresses the relevance of social
capital in improving the performance of individuals, since it puts them in a connec-
ted network. Indeed, social networks are often identified by specialised literature as
the “structure” of social capital (e.g. Burt 2000), concept that is well specified by
Bourdieu (1996, p. 249): “the volume of social capital possessed by a given agent [...]
depends on the size of the network of connections that he can effectively mobilize”.
In order to obtain a synthetic indicator, empirical analyses usually adopt international
surveys. Along the lines of most of these works, we employ the World Values Survey
(WVS), a data source designed to enable a cross-national/cross-cultural comparison
of values and norms in a wide variety of areas, and to monitor changes in values and
attitudes in societies all over the world.? In particular, we refer to the latest available
wave of the WVS by adopting as a social capital measure the frust, quantified by the
percentage of interviewed people who agree to the assertion that “most people can
be trusted”.!® According to Knack and Keefer (1997) and Sabatini (2006), among
others, this quantity is likely to be deeply related with economic and productivity per-
formances.!! Moreover, the use of this proxy permits to avoid Portes’ (1998) critic,
according to which the isolation of social capital’s definition from its effects would
be ambiguous and, with particular reference to trust, could be reduced to the result of

9 To date, the World Values Survey has carried out four waves (1981-1984, 1989-1993, 1994-1999, and
1999-2004) of national surveys representative of the values and beliefs in more than 80 countries on all
six inhabited continents. The data are available for free download from the project website: http://www.
worldvaluessurvey.org/.

10 The exact question in the WVS is: “Generally speaking, would you say that most people can be trusted,
or that you cannot be too careful in dealing with people?”.

' In order to avoid biases due to the oversampling of certain categories of people interviewed, all the
answers to these questions have been pondered by the weights provided in the survey itself.
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Fig. 3 Error bar plot of the average tail index estimate against the WVS-based trust measure. The length
of each error bar equals two times the standard error of the mean. The black solid line is the ordinary least
squares (OLS) fit to the data with 95% prediction bounds (PB)

the effectiveness of legal enforcement in a country’s system (Guiso et al. 2004). This
linkage among social capital and legal enforcement in the WVS is better captured by
the variable civic, which concerns a series of social behaviours (such as “avoiding a
fare on public transport”) that can be never, partially or totally justified by the inter-
viewed persons (see Knack and Keefer 1997, for a more detailed explanation and an
investigation of the relationship among civic and trust). Nevertheless, the measure of
interpersonal trust reported in the WVS appears to be consistent with its definition
as an equilibrium outcome of a society where non-legal mechanisms force people to
behave cooperatively (Coleman 1990).

On Fig. 3 we plot «, the average of the power-law exponent estimates for each
country over the period under investigation, as a function of the level of trust; the cor-
responding values are shown in Table 4.'> By observing the graph, one can notice that
a tendency toward a positive trend seems to emerge between the average value of the
estimates of power-law exponents and the level of trust. However, given the low number
of cases included in the analysis, it is not possible to infer any further conclusions.

12 Dye to the reduced number of observations, which might bias the results for some countries, we exclude
the tail index estimates for 2005 from the computation of the mean for countries with less than 1000
observations in that year (namely, Germany, West Germany, South Italy, Netherlands and Spain). As regards
East Germany, the mean is computed considering all values, since anyway the number of observations is
always less than 1000. Notice that the choice to use the average value of the estimates permits to smooth
temporary variations (that in some countries,—e.g. Germany, Italy and Netherlands—are not negligible),
and it is likely to be more appropriate to enable comparison with the wave of WVS data we use, since this
data collection was undertaken in the central years of the period under analysis for firms.
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Table 4 Temporal averages of

the power-law exponent ¢ Trust (%)
estima.tes (&? over the period BEL 0.93 + 0.03 31.30
under investigation and
percentage level of trust (WVS, FRA 118 +0.17 59.30
1999-2004 wave) for each FIN 0.76 £ 0.10 22.80
country and geographical GER 1.37 +£0.172 34.10
sub-area considered in the study
EASTGER 1.29 +£0.09 48.30
WESTGER 1.36 £ 0.08* 40.70
ITA 1.20 £0.15 32.20
NORTHITA 1.23+£0.17 NA
SOUTHITA 1.32 £0.26* NA
NET 1.03+£0.312 52.60
Also shown is the estimated SPA 0.97 +£0.13 3320
standard error of the mean SWE 1.04 & 0.05° 63.20
a .
Excluding 2003 UK 0.96 +0.02 39.50

b Excluding 1996

Nonetheless, some deviations from this trend are present. In particular, the calculated
value of the linear (Pearson’s) correlation coefficient between these two variables is
0.28, with an estimated p-value for testing the hypothesis of no correlation equal to
0.46; however, once Germany and Italy have been excluded from the calculation, the
estimated correlation coefficient and p-value are 0.86 and 0.01, respectively. These
results are confirmed if one uses Kendall’s T and Spearman’s p as more general and
robust measures of dependence, obtaining t = 0.39 (p-value = 0.18) and p = 0.47
(p-value = 0.21) when the two countries are included in the analysis, and t = 0.81
(p-value = 0.01) and p = 0.93 (p-value = 0.01) when they are not. The positive
but significant (at the 5% significance level) correlation only once Germany and Italy
are excluded from the computation points to an outlying behaviour of these countries,
which indeed reveal an average value of the power-law exponent significantly higher
compared to the other countries. A possible explanation of this behaviour involves the
particular heterogeneity within each country. The aggregates of these two countries
are actually the sum of two different social networks and economic systems: East and
West for Germany, North and South for Italy.!> The average values of the tail index
estimations for the above-mentioned levels of geographical disaggregation is shown
in the second column of Table 4. As regards Germany, the value of trust is somewhat
bigger in the Eastern part (48.3% against 40.7% of the West), but it should be noted
that at the beginning of the period under observation for firms the percentages of trust
were 24.3 for the East and 39.9 for the West, respectively (1997 WVS data).'# During
this time, firms in East Germany were catching up Western ones: the aggregate labour
productivity of East Germany (as a percentage of the West Germany’s level) progresses

13 See Vecernik (2003) for Germany and Di Giacinto and Nuzzo (2006) for Italy.

14 These results do not differ greatly from the values of immediate pre-unification period. Indeed, East and
West Germany’s 1990 WVS percent levels of trust equalled to 20.1 and 31.1, respectively.
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from 45% in 1990 to approximatively 70% in 2002 (Uhlig 2006); simultaneously, the
power-law exponent estimates of the Eastern firms’ productivity distribution result
lower at the end of the period of observation with respect to the beginning, while they
remain substantially stable in West Germany.'> If considered together, these matters
suggest that the improvement in Eastern workers’ productivity has been accompanied
by a relevant integration of the different social networks and an increase of the diffe-
rences between firms in the initially disadvantaged area. Therefore, a Schumpeterian
mechanism seems to be at work here: not all firms took advantage from the new body
of technologies and information available. In particular, the augmented level of social
trust did not determine a generalised improvement in firms’ productivity due to the
massive migration of workers towards the West and, consequently, the difficulties for
Eastern firms in hiring skilled workers. According to Cooper (1999),'° this networking
problem is at the root of the slowdown in the catching-up process observed after 2002.
In other words, over a certain starting threshold of heterogeneity, even a remarkable
improvement in social capital has limited or no effect on the network structure, the
communication among weakly connected points being problematic (the “structural
holes” proposed by Burt). As regards Italy, given the unavailability of geographical
sub-area survey data, no definitive conclusions can be drawn from the disaggregation
analysis, even though the average level of power-law exponent for Northern firms is
slightly lower.

4 Conclusions

In this work we have detected the emergence of power-law tails in labour productivity
distributions for nine European countries and different time periods. We have mode-
led the empirical labour productivity distributions with the model introduced by Di
Matteo et al. (2005), and compared its outcomes with the empirical power-law expo-
nents estimated by means of Clementi et al.’s (2006) algorithm. The model has been
validated for all cases, confirming that power-law tails can emerge from scale-free
contact-networks. Moreover, we have investigated the relationship between produc-
tivity distribution features and social trust, evidencing a tendency toward a positive
relationship between the mean values of the power-law exponents of labour produc-
tivity and the level of trust. However, the data appear scattered and, because of the
reduced number of points, it is not possible to draw a definitive conclusion.

Acknowledgments Many thanks to Tomaso Aste and an anonymous referee for helpful comments and
suggestions. T. Di Matteo wishes to thank the partial support by ARC Discovery Projects: DP03440044
(2003) and DP0558183 (2005), and COST P10 “Physics of Risk” project (2003).

I5° A word of caution is needed here due to the low number of observations for East Germany.

16 Byt see also Rosenfeld et al. (2004) on the related question of “clusterization” of Eastern firms.

@ Springer



56 C. Di Guilmi et al.

References

Ahuja G (2000) Collaboration networks, structural holes, and innovation: a longitudinal study. Adm Sci Q
45(3):425-455

Albert R, Barabdsi AL (2002) Statistical mechanics of complex networks. Rev Mod Phys 74(1):47-97

Andrews DWK, Buchinsky M (2000) A three-step mehod for choosing the number of bootstrap repetitions.
Econometrica 68(1):23-51

Bourdieu P (1996) The state nobility: elite schools in the field of power. Polity Press, Cambridge

Burt RS (2000) The network structure of social capital. In: Sutton RI, Staw BM (eds) Research in organi-
zational behavior. Elsevier Science JAI, Amsterdam, London pp 345-423

Clementi F, Di Matteo T, Gallegati M (2006) The power-law tail exponent of income distributions. Physica
A 370(1):49-53

Cohen D, Prusak L (2001) In good company: how social capital makes organizations work. Harvard Busi-
ness School Press, Boston

Coleman JS (1988) Social capital in the creation of human capital. Am J Sociol 94(Supplement):S95-S120

Coleman JS (1990) Foundations of social theory. Harvard University Press, Cambridge

Cooper RW (1999) Coordination games: complementarities and macroeconomics. Cambridge University
Press, Cambridge

Di Giacinto V, Nuzzo G (2006) Explaining labour productivity differentials across Italian regions: the role
of socio-economic structure and factor endowments. Pap Reg Sci 85(2):299-320

Di Matteo T, Aste T, Hyde ST (2004) Exchanges in complex networks: income and wealth distributions.
In: Mallamace F, Stanley HE (eds) The Physics of complex systems (new advances and perspectives).
10S Press, Amsterdam pp 435442

DiMatteo T, Aste T, Gallegati M (2005) Innovation flow through social networks: productivity distribution
in France and Italy. Eur Phys J B 47(3):459-466

DuMouchel WH (1983) Estimating the stable index « in order to measure tail thickness: a critique. Ann
Stat 11(4):1019-1031

Fukuyama F (2000) Social capital and civil society. IMF Working Paper 00/74. http://ssrn.com/
abstract=879582

Granovetter M (1985) Economic action and social structure: the problem of embeddedness. Am J Sociol
91:481-510

Granovetter M (2005) The impact of social structure on economic outcomes. J Econ Perspect 19(1):33-50

Guiso L, Sapienza P, Zingales L (2004) The role of social capital in financial development. Am Econ Rev
94(3):526-556

Hall P, Welsh AH (1985) Adaptive estimates of parameters of regular variation. Ann Stat 13(1):331-341

Hill BM (1975) A simple general approach to inference about the tail of a distribution. Ann Stat 3(5):1163—
1174

Knack S, Keefer P (1997) Does social capital have an economic payoff? A cross-country investigation.
QJ Econ 112(4):1251-1288

Lux T (1996) The stable Paretian hypothesis and the frequency of large returns: an examination of major
German stocks. Appl Financ Econ 6(6):463-475

Motohashi K (2007) Firm-level analysis of information network use and productivity in Japan. J Jpn Int
Econ 21(1):121-137

Nolan JP (1997) Numerical calculation of stable densities and distribution functions. Comm Stat Stoch
Models 13(4):759-774

Nolan JP (1999a) An algorithm for evaluating stable densities in Zolotarev’s (M) parameterization. Math
Comput Model 29(10):229-233

Nolan JP (1999b) Fitting data and assessing goodness-of-fit with stable distributions. In: Nolan JP,
Swami A (eds) Proceedings of the ASA-IMS conference on applications of heavy tailed distribu-
tions in economics, engineering and statistics. American University, Washington DC

Nolan JP (2001) Maximum likelihood estimation of stable parameters. In: Mikosch T, Resnick SI (eds)
Lévy processes: theory and applications. Birkhduser, Boston pp 379400

Pammolli F, Riccaboni M (2001) Technological regimes and the growth of networks: an empirical analysis.
LEM Working Paper Series 2001/07, Sant’ Anna School of Advanced Studies of Pisa. http://www.
lem.sssup.it/ WPLem/files/2001-07.pdf

Pittaway L, Robertson M, Munir K, Denyer D, Neely A (2004) Networking and innovation: a systematic
review of the evidence. Int ] Manag Rev 5-6(3—-4):137-168

@ Springer


http://ssrn.com/abstract=879582
http://ssrn.com/abstract=879582
http://www.lem.sssup.it/WPLem/files/2001-07.pdf
http://www.lem.sssup.it/WPLem/files/2001-07.pdf

Social networks and labour productivity in Europe: an empirical investigation 57

Portes A (1998) Social capital: its origins and applications in modern sociology. Annu Rev Sociol 24(1):
1-24

Putnam RD (1995) Tuning in, tuning out: the strange disappearance of social capital in America. PS-Polit
Sci Polit 28(4):664-683

Putnam RD (2000) Bowling alone: the collapse and revival of American community. Simon & Schuster,
New York

Rogers EM (2003) Diffusion of innovation, 5th edn. Free Press, New York

Rosenfeld MTW, Franz P, Gunther J, Heimpold G, Kawka R, Kronthaler F, Barkholz M (2004) Innova-
tive kompetenzfelder, produktionsnetzwerke und branchenschwerpunkte der ostdeutschen wirtschaft.
Endbericht, a study at the Institute fiir Wirtschaftsforschung Halle, IWH

Sabatini F (2006) Does social capital improve labour productivity in small and medium enterprises? Working
Paper 92, University “La Sapienza” of Rome. http://dep.eco.uniromal.it/docs/working_papers/Wp92.
pdf

Solow RM (1995) Trust: the social virtues and the creation of prosperity (book review). New Repub
213(5):36-40

Uhlig H (2006) Regional labor markets, network externalities and migration: the case of German reunifi-
cation. Am Econ Rev 96(2):383-387

Vecernik J (2003) Skating on thin ice: a comparison of work values and job satisfaction in CEE and EU
countries. Int J Comp Sociol 44(5):444-471

@ Springer


http://dep.eco.uniroma1.it/docs/working_papers/Wp92.pdf
http://dep.eco.uniroma1.it/docs/working_papers/Wp92.pdf

	Social networks and labour productivity in Europe:an empirical investigation
	Abstract
	Introduction
	Power-law decay in productivity distribution
	Data and methodology
	Power-law-tailed distributions in firms' interaction networks
	Social network, social capital and economic performance
	Conclusions
	Acknowledgments


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


