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Abstract

The positive impact of intangible assets on severedsures of economic performance
is well documented in the literature. Less clearhst leads firms to invest in intangible
assets in the first place. The latter is partidylanportant since, at least for the Italian
manufacturing sector, firms exhibit a very strongtemogeneity in their level of
intangible asset investments. In line with the tépg-based theory of the firm we
argue that the firm’s propensity to invest in irgdahe assets can be explained by factors
that are internal and specific to the firm. Makinge of a rich dataset we test and
provide support for our hypotheses. In particularfind that the propensity to invest in
intangible assets increases with the firm’s sizema&n capital and organizational
complexity and with the past level of intangiblsets. This points toward the existence
of a cumulative dynamics in the process of intalegdissets accumulation that may
account for most of the heterogeneity observedha data. The paper adds to the
previous literature in two ways: first it highlighthe existence of a strong intra-industry
heterogeneity in intangible assets investments;saednd, it offers an explanation for
such heterogeneity.
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1. Introduction

Intangible assets consist of the stock of immateesources that enters the production
process and are necessary to the creation andfalew or improved products and
processes. They include both internally produceetas- e.g. designs, blueprints, brand
equity, in-house software, and construction prgjeetand assets acquired through
external market — e.g. technology licenses, patants copyrights, and the economic
competences acquired through purchases of managyeameh consulting services
(Corrado et al., 2006). A large and growing bodyeaipirical literature has shown
intangible assets to play a major role in the mod&owledge economy. Corrado et al.
(2005), for instance, estimates that in the ead§(3 the value of US intangible assets
was already close to $3.4 trillion and suggest ihdhe same period intangible assets
accounted for more than the 75% of US output growimilarly, Nakamura (2003)
shows that in the last 40 years intangible assets proportion of US GDP have more
than doubled raising from 4.4% to 10%, and in teary2000 almost one third of the
value of US corporate assets were intangiblesh@fitm level, Hulten and Hao (2008)
show that for US firms the value of total assetsreases by 57% when R&D
expenditure and intangible capital is considerecddition to conventional financial
accounts. Similar trends, among the other counthiage been shown to exit in Japan
(Miyagawa and Kim, 2008), UK (Marrano and Haskdé)0@), Finland (Jalava et al.,
2007), Netherland (van Rooijen-Horsten et al., 2@0®I Italy (Bontempi and Mairesse,
2008).

In addition to the quantitative dimension of intdolg assets, various works have
also stressed the qualitative link between intdegidissets and firm performance.
Marrocu et al. (2009), Oliner et al. (2007) and @tny and Vecchi (2009), for
example, find a positive contribution of intangitdssets to both firm and industry
productivity. Hall et al. (2005), Greenhalgh andgRis (2006) and Sandner and Block
(2011) show intangible assets to significantly cbwite to company values in financial
market. Denekamp (1995), Braunerhjelm (1996), amt&lo-Gomez and Ramirez-
Alesén (2004) provide evidence for a positive felahip between firms' intangible
assets and internationalization.

In spite of this large and growing literature, hoee little research has been so far
conducted on the determinants of intangible agegestments within firms. Although
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it is widely accepted that intangible assets aroimeng a critical source of competitive
advantage (Barney, 1991), very few empirical wohleve actually investigated the
factors that may lead firms to undertake this tgptechnological investment in the first
place. In the majority of the cases, on the coptrtre level of intangible assets has
been taken as given and treated more as an expianatiable rather than as a variable
to be explained. From the point of view of both iagers and policy makers, however,
the achievement of a clear understanding on whirénes the firms’ propensity to
invest in intangible assets can be of crucial ingase, especially if it helps identifying
the variables that discriminate between high and-performance businesses.
Moreover, such a perspective is interesting forabademic debate too, in that it may
offer a test for alternative theories of the firhar these reasons, this paper will make
some first steps in filling such gap.

When the firm level of intangible assets is takem the main variable to be
explained, the first striking evidence that comas @ the data is that, at least for the
Italian manufacturing sector, intangible assetestments seem to vary considerably
across firms. On this respect Panel A of Figureedorts the quantile distribution of
intangible assets as a proportion of total asset2008 for the sample of Italian
manufacturing firms included in our dataset. Théueaof both intangible and total
assets is derived from the firms’ disaggregatedhria sheet (see Section 3). On
average, intangible assets account only for th&c0o8 total assets. A more detailed
analysis, however, reveals that there exist higlerbgeneity in the population. The
median of this ratio, in fact, is barely above Ol #or more than the 75% of the firms
intangible assets count for less than 1% of tadakts. At the same time there is a top
10% of firms that massively invest in intangiblsets, with figures that range from 2%

to 38% of total assets.

[Figure 1 about here]

The evidence resulting from Panel A of Figure Jeven more interesting if one
considers that the observed heterogeneity in iftb@ssets investments remains high
even at the industry level. In this respect Pangdidrts the quantile distribution of the
same variable reported in Panel A, after normatizhre ratio by the sample (right) and
the industry mean (left). In particular, the EuadSACE Rev. 1 classification (NACE)
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has been used for the industry. As it is easy ¢otlse shape of the distribution remains
practically unchanged in the two cases, with a Idi%irms that seems to invest in

intangible assets from 3 to 60 times more thanaWerage firm of the industry they

belong to. Such a distribution reveals quite cleaHat there exist a degree of
heterogeneity that extent well beyond what couldréesonably explained by inter-

industry structural differences alone. The main afmthe present paper is thus to
investigate the factors that, in addition to thdustry, can effectively explain this

degree of heterogeneity.

In line with the capability-based view of the fimve argue that the heterogeneity in
intangible assets investments ought to be studjetbtusing on firm-specific traits,
such as size, organizational structure, human alagitd the historical evolution of the
organization. In this sense we see the firm's prsipe to invest in intangible assets
more as a product of the unique bundle of resouncescapabilities that the firm has
evolved over time, rather than as the consequericexogenous technological
contingencies. Intangible assets, in fact, repteaeform of technological investment
that (a) needs a certain set of internal resoué® carefully identified, planned, and
managed and (b) is addressed at the satisfactiomeefls that can be purely
organizational in nature (e.g. to facilitate thenagement of a complex organization).
Where such internal resources lack and/or thenatestructure of the firms does not
require this type of specific investments, intahgissets are less likely to be included
in the firm’s business strategy, and hence theyless likely to be accumulated.
Moreover, for a given distribution of intangiblesass in the population of firms, the
existence of complementarities among different comepts of the intangible stock may
generate a process of accumulation whose dynamidargely persistent, with the
consequent permanence of heterogeneity over tinaking use of a rich dataset in
terms of firm-specific characteristics we test anavide support for our hypotheses.

Overall, the paper contributes to the previousrdii&re on intangible assets and
industrial dynamics in two ways. First, it highlighthe existence of a large
heterogeneity in intangible assets investmentss @imension of the problem has so far
received little attention in the literature, and#s certainly not been documented with
respect to the Italian manufacturing sector. Seconel paper suggests a capability-
based view explanation for the firm’'s propensityimvest in intangible assets and

provide an empirical test of this hypothesis. lis thay the paper can make much sense
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of the observed heterogeneity and it offers sorsglnts for managerial policy design
too. Overall, the results of the paper can openingvesting lines of research

The structure of the paper is the following. Settibpresents a brief overview of
the literature on firms heterogeneity and intargildssets, and motivates our
hypotheses. Section 3 describes the dataset andhtlabdles included in our models.
Section 4 discusses the empirical strategy emplapethe estimation. Section 5
presents and discusses the results. Section 6sbste robustness checks. Section 7,

finally, concludes.

2. Literature review and theoretical hypotheses

Most of the authors in the business and managefierdture have focused on the
relative effect of intangible assets on economrégomance (Marrocu et al., 2009; Olier
at al., 2007; Bontempi and Mairesse, 2008; Corratd@l. 2006). On the contrary,
contributions concerning the factors influencinge tthevel of intangible assets
accumulated in the firm are rarer.

Among organizational and business scholars theifdbat has received the widest
attention for its effect on the firm’s propensityihvest in intangible resources is surely
the industry. Since innovation intensity and appadplity differ significantly across
industries (Cockburn and Griliches, 1988), firmgefadifferent incentives for the
development and formalization of intangible ass€tsanging the market structure, the
nature of technology and the regulatory environmimhs may consider appropriate to
invest different amounts of resources in innovatad in its protection. On this ground,
industry-related variables are expected to be tbéxplain most part of the variability
of intangible assets accumulation (Villalonga 20D4jey 2001). Gu and Lev (2001),
for instance, shows that the level and growth ftentangible assets are different
across industries: the highest levels are measuredinsurance, drugs, and
telecommunications; the lowest in trucking and velsale trade. Similarly, Klock and
Megna (2000) show that in more innovative industtiee market value of the firm,
capturing the importance of intangible assets,askedly higher than book value, while
in the traditional ones the difference betweentihe variables turns out to be modest.
Similar findings are discussed in Gleason and Ki@203), Ballardini et al. (2005) and
Abowd et al. (2005). In addition, Vergauwen et(8007) maintain that non-traditional
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industries have more incentive in disclosing merf@rmation about intangibles since
investors expect continuous investments in R&D andhaterial projects. Firms in

traditional industries, on the contrary, tend tgeist less and randomly in immaterial
assets and are less prone to reveal since suclmditypes may signal to competitors
innovative strategies.

As previously underlined and shown in Figure 1, boeer, the available evidence
for Italy suggests that industries can explain anlymall proportion of the distribution
of intangible assets investments. Even at the ingllesvel, in fact, manufacturing firms
tend to be largely heterogeneous so far as thé ¢té\eeccumulated intangible assets is
concerned. In this sense some factors other thamtustry must necessarily play an
important role. Our main aim is thus to identifyatithese “other” factors actually are.

A stream of literature that has placed particulderdaion on the sources of inter-
firms heterogeneity is the one associated withstrealled capability-based theory of
the firm (Dosi et al., 2000). Such an approach,ciwhbears large overlapping with
another well-known theory among management schaach as the resource-based
view (Barney, 1991, 2001), defines capabilitiedias’s specific “ways of doing” and
stresses heterogeneity as the distinctive featlifmisiness organizations (Dosi et al.,
2006). Although a thoughtful discussion of thisdhegoes beyond the scope of our
paper (for this we refer to Dosi et al., 2000)Luffices to notice that according to such
view firm’s decisions are determined mainly by tbapabilities that the firm has
evolved over time, and only marginally by exogenteehnological contingencies. On
this basis, the explanation of a given firm’s beteatl path must necessarily rely on the
interaction between firm’s specific and system-#pe¢e.g. industry-related) factors,
and admit an explicit dynamics of capabilities asiion (Dosi et al., 2006).

The adoption of a capability-based approach in gshely of intangible assets
investments prompts us to focus on a set of firecsje traits that, in interaction with
external factors, can actually explain the firmi®gensity to undertake this type of
technological investment. On this basis, we chotsdocus on four variables in
particular: size, human capital, organizational ptaxity, and the past level of the
accumulated intangible stock. The role that eacth@de variables play in affecting the

firm’s decision to invest in intangible assets Wi analyzed separately.



2.1 Firm’'s size

Size is a firm’s trait that, independently of thmeluistry in which the firm operates, is
likely to have a positive impact on the propensayinvest in intangible assets. In the
first place large firms are better able than sroaks to exploit economies of scale in
intangible assets accumulation (Dierickx and Ca089). Secondly, big firms can be
more effective in protecting their intangible stoitlan small ones, and thus have a
greater incentive to invest. Thirdly, it may bewsd that large firms are also capable of
supporting a greater share of the uncertainty ihatssociated with intangible assets
investments as compared to small firms (Ghosallanchgani, 2000). On this basis, the

first hypothesis that we put forward is that:

Hypothesis 1— The probability that a firm invests in intangibhssets is greater the

larger the firm’s size.

2.2 Firm’s human capital

In addition to size, another trait that is likely &ffect the propensity to invest in
intangible assets is the firm’s human capital. $#vauthors have indeed suggested that
the quality of the human resources employed bydiimma basic condition both for
generating intangible assets and for their econ@xydoitation (Abramovitz and David,
2000; Galor and Moav 2004). In this framework hursapital is made up not only by
the formal education received by the workforce betbe enrolment, but also by formal
and informal on-the-job training (Barney, 1991; 8lem Erikson 2001). It represents
the collection of skills and abilities that are exdded in the members of the
organization (Bontis and Fitz-enz, 2002) and candveraged to expand intangible
resources at the firm level. In this sense, theegfthe more a firm is endowed with a
highly educated workforce, the more we should epez firm to have the managerial
and innovative capabilities necessary to extendrttengible stock.

As noticed by Abowd et al. (2005), however, humapi@l in the form of
workforce education is not by itself the only driva the accumulation of intangible

resources. It is how human capital is organizetigkplains the variance of productivity
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and the endowment of intangible assets. The wakeaverare organized, together with
the quality of human resources, yield in fact caanpdntarities that may facilitate the
generation of innovation and create in turn incesdifor the accumulation of the
intangible stock. An organizational variable thatild reflect such complementarities is
for instance the amount of human resources efiggtiemployed in direct R&D
activities (Liu et al. 2000). In the language oé tbapability-based view the latter is
synonymous with the adoption of routines and prapesithat facilitate the exploitation
of external sources of knowledge (Dosi, 1988; Cohred Levinthal, 1990) and that
support, as a consequence, the process of intaerggiskets accumulation. In this respect
some supporting evidence comes from Lu et al. (RQ@llto find R&D expenses to
impact positively on the firm’s intangible assetghwpredictably positive effects on
future cash flow and firm value.

On the basis of the above arguments, and consgdevorkforce education and
R&D activities as different proxies of a firm’s ham capital, we formulate our second

hypothesis as follows:

Hypothesis 2— The probability that a firm invests in intangibhssets is greater the
larger the firm’s human capital.

2.3 Firm’s organizational complexity

Another firm-specific trait that, similarly to humacapital and size, can affect the
process of intangible assets accumulation is thygegeof organizational complexity

According to some authors, in fact, the firm’s ngéle stock includes assets that
directly increase what has come to be known aditims organization capital — see
Kaplan and Norton (2004), Lev and Radhakrishna@32@nd Bontis (2001) among the
others. The latter, in the seminal contribution Prescott and Visscher (1980), was
defined as the set of information assets that ittme ises in order to coordinate the
material factors of production, namely physical itdpand labour. Lately, more

managerial definitions have been formulated, eeay. &nd Radhakrishnan (2003), Hsu

4 Organizational complexity has been defined andsweal in different ways. In this paper we will
follow Damanpour (1996) and define it as the degrfeaariety in the organization’s spatial, occupaéil,
hierarchical and functional dimensions (Hall 19¥iller and Contay 1980).
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(2007), Atkeson and Kehoe (2005). Under all theraktive specifications, a direct link
between the complexity of the firm’s internal orgaaion and the accumulation of
organization capital — and thus of intangible agssstems to emerge.

Piekkola (2009), for instance, argues that glolealifirms use more organization
capital. The higher the number of employees inftme that are working abroad, the
greater the amount of organization capital thanégded in order to monitor the
relationships between different production unitd amarkets. A similar relationship has
been identified by Denekamp (1995) and Braunerhjel897) with reference to the
need of managing a variety of foreign direct inwe=tt (FDI), and by Bartel et al.
(2007) and Brynjolfsson et al. (2002) with respecthe need of complementing the
enhancement of ICT with parallel extensions of orgational resources. Concerning
the dynamics of vertical integration, moreover, tasults obtained by Gonzalez et al.
(2000) suggests the existence of a positive relahip between the degree of vertical
disintegration and the amount of organizationaitedpccumulated in subcontractors as
a way to cope with increasingly complex market $eartions

From a different but similar perspective, otherhaut have stressed the role that
competition and the pace of technological progmag in shaping the firm’'s internal
complexity, and thus in affecting the accumulatioh intangible resources. The
sharpening of competition in the markets, in faeads firms to integrate resources
focused on protecting from imitation and updating most specific internal assets. This
means in turn an extension of the managerial ressubut also an increase in their
complexity. Petrick et al. (1999), for instancepwhthat as the speed of comparable
tangible asset acquisition accelerates and the @aiogitation quickens, firms resort to
the less imitable intangible assets to enhance thstinctive know how and product
differentiation. Hence, the greater the complegityhe relationship with the market the
greater will be the investment in intangibles.

From the association between intangible assetsoaganization capital, and by
relying on the above arguments on the relationshgiween complexity and

organizational resources, we deduce that:

Hypothesis 3— The probability that a firm invests in intangibassets is higher the

greater the firm’s organizational complexity.

10



2.4 Cumulative dynamics

Finally, considering the issue of intangible assetestments from a dynamic
perspective a crucial role may be played also by $kock of intangible assets
accumulated in the past. In this respect, sevanatmkions of the process of intangible
assets accumulation can be important.

First of all intangible assets consists of knowkedgd the latter is by its own nature
cumulative. Within the context of the resource-lblageew, for instance, Dierickx and
Cool (1989) defines two main features that seendigtinguish intangible assets
accumulation from physical capital accumulatiasset mass efficienciye. economies
of scale in the production of intangible asset lstibom existing asset stock; atiche
compression diseconomjese. diminishing returns to current period inveshts in
intangible assets. As argued by Knott et al. (2@33kt mass efficienayplies that the
more intangible assets a firm has, the lower thegmal cost of investing in further
extension of the asset stock. The reason couldhdexistence of what Teece (1987)
calls interconnectedness of asset stocks, thatnmplementarities among the different
components of the knowledge stoGkme compression diseconomie®ly instead that
intangible assets accumulation can't be rushedcernBian entrant invests in one year
the total sum of the incumbent investments made seeral years, it won't achieve the
same resource position’ (Knott et al., 2003:192)e Tombination of these two factors
lead to the inevitable emergence of divergent mitsle assets accumulation paths,
where the firms who invested more (less) in thd pasd to invest more (less) also in
the future.

Moving from the structural characteristics of irddile assets to the specific
features of firm’s behaviour, a similar argument tbe existence of a cumulative
dynamics can be formulated by relying on the idiearganizational learning (see Dosi
et al., 2006). In a nutshell, the idea of orgamiret! learning suggests that when a firm
adjusts her internal organization in order to @reh the knowledge landscape and (b)
invest in a particular type of asset, the firm hsaa set of capabilities. Such capabilities
are likely to generate a relative advantage inygagsinvestments in similar and related
assets compared to competitors who did not inve#te first place. As a result the set

of intangible resources accumulated in the firmaay given point in time largely
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becomes a function of prior accumulated set ofuess. Highly persistent intangible
assets accumulation are then the most likely caresesp.

On the basis of these arguments, and independehtilge factors that have the
strongest power in explaining the cumulative pailr, fourth and final hypothesis is
thus that:

Hypothesis 4 —The probability that a firm invests in intangiblests is greater the

larger the stock of intangible assets accumulatethée past

3. Data, variables and descriptive analysis

In order to test the hypotheses defined in theipusvsection we use a joint dataset
retrieved from two main sources. The first onelie ©th wave of the Survey on
Manufacturing Firms collected by Capitalia. The dirspan of data is 2001-2003. The
dataset contains qualitative and quantitative mftion for a large stratified sample of
Italian firms. In particular, it gathers a wealth information on the structure of the
workforce and governance aspects; information ovation, distinguishing whether
product, process or organizational innovationsprmiation on investments and R&D
expenditures. The second source is the databasA-BlPeau van Dick that contains
information on all Italian firms’ disaggregated &ate sheets for the period 2001-2008.
After combining these two sources the final dataseints nearly 1,500 observations.
The representativeness of the original sample istaiaed in terms of both firm’s size
and industry of activity.

In the literature there are several possible wdys@asuring intangible assets. In
particular, two main approaches have been purstedfirst is based on estimates
derived from firm expenditures on “intangibles” bues R&D, training and innovation;
the second uses direct measures based on stoaksallyl reported as assets in
companies’ balance sheets. For a discussion oretagve adequateness of these two
approaches within the framework of Italian legisiat we refer to Bontempi and

Mairesse (2008). In our paper we choose to addyatiance sheet-type of measure and

® Data on sample representativity are available fileerauthors upon request.

12



to consider, in particular, a subset of the cosisally reported under the item
“intangible fixed assets”, i.e. the “costs for ras# and advertisement”, the “costs of
patents” and the “costs of licensing”. In doing we differ from some previous
contributions based on similar data (e.g. Marracal.e 2009) that considered the total
item instead. The reason why we make this choidhas the item “intangible fixed
assets” includes also expenditures such as thd-ugt@oodwill costs whose
capitalization is highly subject to managers’ diicm and is therefore difficult to
interpret. On the contrary, the items that we ad&rsin our measure are all objective
expenses incurred by the firms.

On the basis of this measure of intangible asse¢sdefine a firm’'s intangible
capital intensity ICI) as the percentage of intangible assets over &sisgts. At any
given point in timedCl; represents the amount of intangible assets acatetuby firm
I, and can be considered a proxyi’sfpropensity to invest in intangible assd@l is
the crucial variable of our analysis. In particufar the firms in our sample, we want to
understand which factors can explain the probgtiitbe an intangible capital intensive
firm (ICIF), where the latter is defined as a firm that bgtoto the 18 decile ofICI.

Following the discussion presented in Section 2fages our attention on two main
types of explanatory variables. First we considgtesnic-like variables such as the
industry in which the firm operates. The main désstion that we adopt is the NACE
(see Appendix). In the empirical strategy, in order fully capture the observed
heterogeneity, we choose to control for industitgtesl effects through a normalization
of the dependent variable by the industry mean $s=tion 4).

The second type of explanatory variables that wesider consists of a vector of
firm-specific characteristics, with particular aition being paid to size, human capital,
organizational complexity and the degree of intblegcapital accumulated in the past.
To each of these dimensions corresponds a sebxiest

As a proxy of size we considered the total numberemployees $IZB. In
particular, in order to control for non-linearitjase classified firms asmall (SIZE<
50), medium(50 < SIZE < 100) andmedium-large / larg€SIZE > 100) according to
their size. For each of these groups of firm wentleensidered an apposite set of
dummy variablesl SIZE_$D_SIZE_MD_SIZE_|)

As a proxy of human capital we considered a contlmnaf two distinct variables:

the first is a synthetic index elaborated with etdaal analysis KCT_EDU) using as
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inputs the ratio between “white collars” and “bluwellars” (STAFFRATIQ, the
workforce’s average years of educatichVEDU) and the percentage of employees
holding a university degre&NIDEG); the second variable is instead the percentage of
employees engaged in R&R&D). The rationale behind such specification is that
our view FCT_EDU and R&D capture two distinct effects of human capital
FCT_EDUis a proxy of a firm’s capability to manage knogde-intensive assetR&D
captures instead the firm’s propensity to engagenbiman resources in intangible stock
expanding activities, including the evaluation, im#ation and application of new
knowledge. As argued in Section 2, each of thesedsions of human capital has been
treated as a relevant component of the processtarigible asset accumulation in the
literature.

For what concerns instead the degree of organizticomplexity we considered a
synthetic index based on a scale going from 0 tfmrdmin and max complexity
respectively COMPLEX. The index captures two distinct features offtima: first, the
extent to which the firm does business as a submtiot; and second the degree of
internationalization. The idea in this case is tiw@ more the firm is internationalized
and operates as subcontractor, the more diversafiedflexible her structure, and thus
the more complex her organization. In particula@r itidex is constructed on the basis of
four distinct variables: the percentage of turnostee to subcontractingsUBCT); the
portion of turnover due to subcontracting that &ned abroad JUBCT_ABD, a
dummy taking value 1 if the firm faces internatiboampetitors D_INTCOMB, and a
dummy taking value 1 if the firm realized investrteeabroad @ _FDI). A complete
description of how the index is constructed is regmbin the legend of Table 1.

Finally, as a proxy of the degree of accumulatedngible capital we considered a
dummy taking value 1 if the firm belonged to therrth quartile of the 5-years lagged
value ofICI (ICI_PAST) and zero otherwisd(_ICI_PAST). In this case, since we were
interested in the impact of the past level of igihle assets in absolute terms, the non-

normalized value ofC| has been considered.

[Table 1 about here]

6 Our view is confirmed also by the empirical evidenm fact, the factorial analysis that we conddcte
in order to computé&CT_EDU revealedR&D to contain a different set of information with pest to
STAFFRATIQAVEDU andUNIDEG.
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Table 1 reports some descriptive statistics redativ our dataset. Indices are
differentiated forlCIFs and the whole sample. Apart frd@l which is evaluated at
2008, all the other variables are evaluated owettiree-years period 2001-2003. When
looking at the whole sample it is interesting tatie® the high standard deviation
associated with variables suchSZE the various proxies of human capitdNIDEG,
STAFFRATIQ AVEDU) and intangible capital intensityQl, ICI_PAST). This is
symptom of a high degree of heterogeneity in theufadion along several firm-specific
demographic dimensions. Regarding the sub-sampl€l6fs we can observe that on
average, compared to né@s, they are bigger, more complex, and have a greate
endowment of human capital. In additiodGIFs have a level of past accumulated
intangible assets that is nearly eight times thellef noniCIFs. This points towards

persistence in intangible assets investments.

[Table 2 about here]

The propensity of firms to maintain a level of mgEgble assets investments that is
closely related to the level realized in the pastanfirmed also by Table 2. In this case
we reported in Panel A the distribution of firmgass four classes &€l —null (= 0),
low (> 0 and < 1%)medium(>1% and <5%) andhigh (> 5%) — for the year 2008
(columns) and the average 2001-2003 (rows). Onbidsss we computed in Panel B the
transition probabilities by simply averaging thentamt of each cell over the total of the
row. The result, for instance, reads that a firat thelonged to the claswill in 2001-
2003 had a 69% of probability to belong to the safass also in 2008. We notice that
the highest probabilities are the ones on the ndémgonal. Moreover, the average
probability below the main diagonal is greater ththe average probability above,
which in turn implies that if a process of movemaatoss classes had existed it tended
to take place from high to low classes and notéwverse. Coupled with the fact that on
average the level of intangible capital intensigs increased moving from 2001-2003
to 2008 (as shown in Table 1), the latter resulamsethat not only the population of
firms was characterized from the very beginning Hmterogeneity, but also such
heterogeneity has polarized over the last decale.identification of the factors that

could explain such an increased polarization is rtteén objective of our empirical
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investigation.

4. Empirical strategy

The model that we want to estimate takes the fotigviorm:

ICI, = f(IND,, XF,XC,,&,) , &~N(0,67) 1)

whereIND; stands for the industry in which firmoperatesXF; is a vector of firm-
specific characteristics includingglZE , FCT_EDY , R&D;, COMPLEX and

D_ICI_PAST; XC is the vector of control variables; ands the vector of normally
distributed residuals.

The key issue affecting the estimation of modeliglthe censored nature I&f1. As
argued above this occurs because a large propartithe firms included in our sample
do not invest in intangible assets at all. In sacbontext the application of standard
OLS would generate biased estimates, with the madmiof the bias being linked to the
proportion of non-censored observations in the $amp order to avoid this problem
we decided to use an alternative estimation teclasidpased on a Probit specification.
Moreover, in order to investigate the role thatediént variables may play at different
point of the distribution ofiCI, we also estimate the same model by the mean of
quantile regressions (Koenker and Bassett, 1978 Gombination of these two
techniques should give us sufficient confidencmiarpreting the results.

In the Probit specification we follow three stepgst, for each firm, we normalize
the value ofCl by the mean value of the industry in which the foperate. In this way
we can eliminate from the distribution Bl all sorts of industry-related effects. We
call this new industry-normalized varialdlgl. Secondly, we classified #€IF all the
firms belonging to the fddecile ofICI. Finally, we transformed our dependent variable
in a dichotomic variable taking value 1 if the fiisICIFE and zero otherwisdQIF;).

All the other variables remain the same as in mddlgl except that noiND; will
obviously disappear from the right-hand side ofdlyjeation. The idea in this case is to

estimate the probability for a firm to be intangHaapital intensiveelative to the mean
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of her own industry, given a set of firm-specifltacacteristics. The baseline equation to
be estimated thus becomes:

PriICIF; =1] = ®(XF 'S¢ + XC;'fc) (2)

where ®(-) is the cumulative distribution function for the rstiard normal, angg: and
p. are the vectors of parameters to be estimated.pBin@meters of model (2) are

estimated via maximum likelihood (ML) estimation.

We also conjecture that the different variablesuded in our baseline model may
play a different role as determinantl@i depending on the point of the distribution that
we consider. For instance, it could be the case finms at the very top of the
distribution (.e. the highly intangible-capital intensive firms) gmdlowing a strategic
pattern according to which the stock of intangiblsets requires to be constantly
renewed and updated (e.g. because its accumulatipired high specific investments
by the firm). On the contrary, firms at the bottomay be simply adopting a blinking-
like strategy according to which intangible assets accumulated for limited period of
time and bought directly on the market. If that evére case, we should then expect the
different components of human capitai.e- R&D and workforce education, to change
their relative impact along the distribution, wR&D being more relevant at the top (as
a source of intangible assets extension) and waor&feducation at the bottom (as a
source of intangible assets administration).

In order to test for these different types of effee estimate a set of quantile
regressions. An important advantage of this methotict, is that it reveals differences
in the relationship between the dependent and rilepiendent variables at different
points of the conditional distribution of the depdent variable (see Koenker and
Hallock, 2001). In this case too we control for thaéustry through the normalization of
ICI by the industry mean. The quantile regression Iinthde we estimate can be thus

written as follows (see Coad and Rao, 2008):

Qi = Xi 'ﬂ9+uei with Quanb(gl | Xi ) = Xi 'ﬂg (5)

where X; =(XF;, XC,) is the vector of regressorg?=(Sg,Bc) is the vector of
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parameters to be estimated, ands a vector of residualsQuant - (lgnotes thed"

conditional quantile ofCl; given X;. The gh regression quantile, 0 6< 1, solves the

following problem:

wil oo xd Taoexd o
/N EICH =X '8 EICH <X;'B
= min - ()

where po (), which is known as the ‘check function’, is defines:

QU if ua>0

(@ -Doua if ua<O %

ps(Ua) :{

The solution of this minimization problem gives OEStimates that approximates the
&" conditional quantile of the dependent variableheathan the conditional mean. The
model coefficients are therefore allowed to varyoas quantiles of the conditional
distribution of ICI, giving us the possibility to test the performamndeour explanatory
variables at different points ¢CI.

In each of these estimation methods, there areasibtional issues we need to
tackle. The first is multicollinearity, while thesond is endogeneity. For what concerns
the former it is interesting to notice that in spdf what one could reasonably expect,
the degree of correlations among most of our resgrssis relatively low. Table 3
reports the correlation matrix for all the variabiacluded inXF and for some of the
controls. With the exclusion of the three varialilest we used in order to compute the
synthetic index for human capitaUNIDEG, STAFFRATIO, AVEDU)all other
significant correlations have a coefficient smathean 0.30. InterestingI$IZE seems to
be correlated only witiAGE and with a very low coefficient (0.06). On thissizawe
can conclude that although some degree of muliineatity exist, the latter does not

represent a severe issue in our estimates.

[Table 3 about here]
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With respect to endogeneity things are trickierve®i our specification oKF;, in
fact, a certain degree of correlation between sofrthe regressors and the error term
could emerge for two main reasons: simultaneity, ¢he amount of human capital
available in the firm is jointly determined withetlinvestments in intangible assets; and
omitted variables, e.g. human capital affects itmesits in intangible assets through
some unobservable effect that we have not inclini¢ite model. Both reasons are quite
stringent and need to be dealt with directly.

The first option that we could exploit is to relyn @an instrumental variables
approach. In our case, however, this approachfiisudt to implement because of the
correlations that exist among many of the regresdbat are most likely to be
effectively endogenous with respectl@l, e.g.FCT_EDUandR&D. Given the lack of
a clear understanding of how decisions are takeideneach individual firm, in fact, the
likelihood of finding a viable instrument is low.

As an alternative solution, and this is the key hodblogical feature of our
empirical strategy, we choose to exploit what klly to be the main strength of our
dataset, that is the availability of a detailed skinformation for a relatively large
number of firms and years. In particular, we ade strategies. First, in order to deal
with simultaneity, we evaluate the dependent végiall each model at 2008 and the
independent variable at 2003 (for some of thedate also consider the average for the
three-years period 2001-2003) so that there exlageof at least five years between
them and the regressors. Such a period of time snilkdbfficult (at least in principle)
for the dependent variables and the regressor teirhultaneously determined, and
thus reduces the risk of inconsistent estimates.

For what concerns instead the issue of omittechiéej the second strategy that we
adopt is to saturate the third group of regresé¥&) with as many variables as we can
in order to control for any kind of firm-specifiexéd effects. Since our concern is
especially related t6CT_EDU and R&D, we focused our attention on variables that
could be correlated with human capital and the @nsfiy to invest in R&D, including:
age AGE), investments in ICTICT_INV), and labor productivity measured in terms of
added value per employeeAB_PRDTY. In addition we included a series of firm-
specific accounting indexes such as the ACID-tgisbit-term liquidities / total assets)

and the profitability or gross earning over totaknover (PROFIT). Finally we
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controlled also for geography-related effects wité introduction of regional dummies.
This solution, together with the rather detaileckafication of vectorXF, , should
reduce the likelihood of omitted variable bias etleough, especially for the proxies of

human capital, some care must be taken in intengréte coefficients.

5. Results

Table 4 reports the Probit estimates for our moglahslated into marginal and impact
effects for the continuous and dummy variables eetpely. We added the regressors
included inXF; one at the time, so that we estimated a total ofo#lels (Probit_ 1 —
Probit_4).

[Table 4 about here]

The first interesting result in the Probit estinsat®oncerns the two dummies for
firm’s size O_SIZE_MandD_SIZE_[). To be a medium or large firm positively and
significantly contributes to the probability of bgilCIF in the first model, when the
two dummies are considered alone (i.e. Probit_¥).sAon as the dummy associated
with the past level of intangible capital intensisyincluded D_ICI_PAST), however,
only the dummy for medium sized firms continuesnggpositive and significant. This
result seems to suggest that, although on averemge nsatters, beyond a certain
threshold of firm dimension the positive effectlming large is overwhelmed by the
effect associated with a cumulative dynamics iangible assets investment. From the
theoretical point of view this is an interestingding, in that it suggests that for large
firms the existence of complementarities and/ornieg dynamics in the process of
intangible assets accumulation plays a more powesfe than size alone in explaining
the propensity to invest.

For what concerns human capital the dimensiongbains to be the best predictor
of the probability to by ICIRs the amount of human resources employed in tdR&D
activities R&D). The effect of R&D investments, in fact, is pogtand significant in
all the models in which the variable has been et (Probit_3 — Probit_4). On the
contrary, no significant effect seems to be assediavith the level of workforce
education ECT_EDU). As previously argued, however, this effect mapehd on the
particular segment of the overall distribution 61 that the Probit approximateise( top
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10% of firms).

In addition to size and R&D activities, the proldapiof beingICIF in 2008 is also
positively associated with the presence of highangtble capital intensity in 2001-2003
(D_ICI_PASTY. The coefficient in this case is positive andhdigant in all the models.
Quite interestingly, the size of the coefficienttie most complete model (Probit_4) is
even greater than the one associated with R&D tnwests. Overall, this effect seems
to confirm the evidence reported in Table 2 on pleesistence of intangible assets
investments.

Finally, in the last model (Probit_4), we also fiadoositive and significant effect
associated with organizational complexi@MPLEX. Although in terms of both
significance level (10% confidence ) and margimapact such an effect does not seem
to be particularly strong, it is important to netithat the effect holds after controlling
for all the other independent variables includeasum baseline model, such as human
capital, size and past level of ICI. In this serm&h a results lend credibility to our
hypothesis according to which organizational comipyeplays an independent role as a

determinant of a firm’s intangible capital integsit

[Table 5 about here]

Similar results are obtained from the estimatethefquantile regressions. For the
sake of simplicity we report in Table 5 only thesutts for the 28, 75" and 9%’
percentile, together with the median {Spercentile). In this case the impact of each
variable can be investigated in more detail.

First of all we find that, even after controllingrfthe past level of intangible assets
(D_ICI_PASTY, the two dummies for medium and large sized firfds SIZE_Sand
D_SIZE_M) are positive and significant for most part of thstribution ofICI, except
for the 98" percentile. This result provides further evideirtsupport of the idea that
size actually matters. However, it also confirm thedence from the Probit that for
firms with very high investments in intangible assthe scale effects associated with
size are of fairly low importance.

Secondly we obtain that, in line with size, alse #ifect of human capital changes

according to the quantile considered. In particwelile the coefficient of the R&D
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component R&D) is positive and significant in the central pandaright tail of the
distribution (median, 75and 9%' percentile), the educational componef€T_EDU)

is positive and significant in the central part aeét tail (median, 2% and 7%
percentile). If compared to the Probit, this ressilinteresting in that it confirms our
hypothesis according to which the two componentshofan capital can play a
different role for firms with a different level aftangible capital intensity.

The third result that we obtain from quantile resgiens is a fairly strong effect of
the dummy for the past level of intangible capitatensity O_ICI_PASY. The
coefficient associated with the latter, in fact, abvays positive and significant,
independently of the quantile that we approximétes suggests, once again, that there
exist a path dependency in the process of intaagibsets accumulation. If we consider
also the outcomes of the Probit estimates, thdefmitely the most robust effect that
we observe.

Finally, we interestingly find that for all proxiesf size, human capital and past
level of intangible capital intensity the margiredfects tend to increase the more we
move up in the conditional distribution &€1. This seems to suggest the existence of
increasing return to scale in intangible assetg&stments. Moreover, it supports the
idea that, overall, there is a tendency towardneneiased polarization in so far as the
level of intangible capital intensity is concerned.

For the sake of completeness it is also importanhdtice that in the quantile
regression we do not find any significant effectsamsated with organizational
complexity COMPLEX.

Bringing together the results obtained from thebRrand quantile regressions we
derive a fairly encouraging picture concerning tbst of our theoretical hypotheses.
First of all, in accordance with HP1, we find sizebe a significant predictor of the
firm’s level of intangible capital intensity. Theushmy for medium sized firms is
positive and significant in all the estimated madelith the only exception of the
quantile regression approximating thé"gercentile. The dummy for large sized firms,
on the contrary, is significant in the quantileressions but only limitedly in the Probit.
Overall this result is the symptom of the fact tivahile for the large majority of firms
in our sample in the process of intangible assetsuraulation scale effects are
important, there exist a set of highly intangibbgpital intensive firms for which size

matters little. The latter represents a group whdi that, independently of the size and
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the industry in which they operate, have delibdyadelopted a business strategy that
entails a substantial investment in intangible @sse

With reference to HP2, i.e. the role of human apithe main finding that we
obtain is that the different dimensions of humapited — i.e. workforce education and
R&D- affect the propensity to invest in intangilblgsets in different ways depending on
the point that we consider in the conditional disttion of ICI. This result could reflect
the fact that firms with different levels of intahte capital intensity tend to accumulate
different types of intangible assets, and thus wmiydifferent components of human
capital to procure them. In relative terms, bota Brobit and the quantile regression
estimates suggest that the strongest effect isotiee associated with the amount of
human resources involved in active R&D. Such aifigdupports the idea that it is not
only the quality of human resources that mattethi@ process of intangible assets
accumulation, but also the ways in which the ladterorganized.

It is important to notice that in all the estimatewbdels the different proxies of
human capital are positive and significant coninglifor both industry and firm’s size.
Such finding confirms our view according to whialmian capital explains by itself part
of the propensity to invest in intangible assatsparticular, the role of human capital
seems to be particularly robust exactly for theugref firms for which size has no
explanatory power, i.e. the sub-sample of firmg Hedongs to the 95percentile ofClI.
For the latter, in fact, the amount of human resesiinvolved in R&D is the regressor
with the strongest marginal impact on the levahtdngible capital intensity.

A relatively weaker empirical evidence is insteadirfd in support of the third
explanatory variable that we considered in our liypses, that is organizational
complexity (HP3). Our proxy of organizational comxity, in fact, turns out to be only
weakly significant in the Probit, and not at alyjrsficant in the quantile regressions
estimates. One of the reasons for this result cbalthat with our index of complexity
we are capturing only two dimensions of the firmafganizational structure, that is the
role as subcontractor and the degree of internalization. The latter dimensions are
likely to require relatively specific investmenta brganizational capital, and are
therefore unable to offer a complete proxy of thhevs managerial needs. Overall,
however, especially in consideration of the faattn spite of such specificity our
index turns out to be significant in some of theéneates, we do not reject HP3. Further

analysis is anyway required on this issue.
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Finally, for what concerns HP4, we find a clearmanting evidence in favor of the
existence of path dependency in the dynamics aihgible assets accumulation. The
most robust finding that we obtain across all eates, in fact, is that the coefficient
associated with the past level of intangible assetpositive and significant. This
implies that firms having high intangible capitatensity at a given point in time tend to
remain on the same technological trajectory, wthke others tend to diverge towards
less knowledge-intensive types of productions. $ize of the coefficient, moreover,
suggests that such divergent dynamics in technodbdiajectories is fairly strong, and
becomes even stronger the more we move up in theéitcanal distribution ofCIl. The
latter result confirms the existence of an incrdagelarization in level of intangible
capital intensity. As argued in Section 2 the chusachanisms underlying this
dynamics could be related to: (a) the existenceoaiplementarities among knowledge
bits; and (b) a process of organizational learniAdthough both factors could
theoretically play a role, we are unable to distisg between them on the basis of our

data.

6. Robustness checks

In order to increase the reliability of our resulie conducted a series of robustness
checkg. First of all, in normalizing the dependent valigbwe tried out alternative
taxonomies for the industries, including the OECRO0QQ) and Pavitt (1984)
classifications. In both cases the results do hange. Independently of the taxonomy
that we adopt, in fact, firms remain very heteragmrs so far as their level of intangible
assets investments is concerned. Moreover, fandilstry classifications, the proxies
of size, human capital, organizational complexitg gast levels of intangible capital
intensity turn out to be the most significant rexgi@s.

Secondly, as a further test on the role of the strgu we also tried a different
empirical strategy in which, instead of normalizinge control for industry-related
effects by adding an apposite set of dummy vargablethis case too the results are in

line with our hypotheses. In all the estimated niedm fact, the type of industry —

"The results are available from the authors uponesy
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being it a macro category as in OECD (2009) andtP@®984) or a micro sector as in
NACE - does not significantly predict the firms’tangible capital intensity. On the
contrary, size, human capital, organizational caxity and past levels of intangible
capital intensity remain highly significant.

Since several contributions found a relatively sgreffect of intangible assets on
productivity (e.g. Marrocu et al., 2009; Olier dt, 2007), we also tried different
measures of productivity in our vector of contrariables. In particular, apart from the
value added per employee which we used in the astgrreported in Tables 4 and 5,
we estimated total factor productivity using thetmoel developed by Levinshon and
Petrin (2003). Also in this case, however, resitisiot change.

Given the relevance that scale effects play inliteeature on industrial dynamics,
we also tested how our results react to a diffespetification of size. In particular we
estimated both the Probit and the quantile regsassiby substituting the dummy
variables for medium and large sized firms with do@tinuous measure instead. The
results are in line with the ones reported in Tabblnd 5 with the effect of size that, in
the Probit, tends to disappear as soon as the fooxiie past level of intangible assets
is introduced. This test lend further credibilibydur interpretation.

A final robustness check is related to a possiala@e selection bias. As discussed
in Section 3, our sample of manufacturing firmbased on the original dataset coming
from the 9" Capitalia’s survey (about 4,500 observations). Elosy, it was possible to
obtain data on intangible assets only for abouf@ ,frms having a detailed balance
sheet report. In fact, in this case the item “igibte fixed assets” is actually detailed in
sub-items such as “costs for research and advewisg, the “costs of patents”, “costs
of licensing”, etc. ect. We tried to control foiigtpossible selection bias by applying a
two-step Heckman procedure. First, a Probit esénwdt selection from the whole
sample (all firms in the original Capitalia’s datgsis made; second, a Probit estimate
(in the case of Probit_4 specification) for theesegtd sample of firms using the Inverse
Mill’s ratio obtained from the first step is usesl @ correction factor (Heckman 1976).

We did not find evidence of selection bias in cesuité.

® The tables are not reported, but are available fite authors upon request.
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7. Conclusions

The results of our estimates tend to confirm ourahhypotheses. In particular we find
that size, human capital and the past level ofngitde capital intensity significantly
increase the probability of being ICIF. A similantoome is obtained for the proxy of
organizational complexity, although the evidencecawning the latter is weaker. All
these results are obtained after controlling fdustry-related effects.

Overall these results suggest three main conclssiéinst of all, it seems clear that
firm-specific traits are important determinantsiangible assets investments. In our
sample, in fact, what makes the difference betwl€dks and the other firms is the
presence of a composite mix of internal resourceg. (high human capital and
accumulated intangible stock) that enable a firmetiectively absorb, manage and
reproduce intangible resources. Secondly, themasée exist a rather specific although
weak relationship between the dynamics of intamgéssets investment and the need to
manage complex market transactions. In this sears#®,as a way to complement the
most standard interpretation which is focused enlittk with innovations, the choice of
investing in intangible assets seems to have alsarganizational connotation. Finally,
there is evidence of a strong cumulative effect mgnthe determinants of intangible
capital accumulation. Such an effect can be hetgpamesible to generate a divergent
dynamics in intangible assets investments, and ttmay explain a relevant part of the
observed heterogeneity.

These conclusions, according to us, open new stiageresearch questions First of
all it would be interesting to investigate how firepensity to invest in intangible assets
evolves over time. In this respect, we believe gdmahe of the variable included in our
baseline model may still play an important rolec@slly, it would be of value an
analysis aimed at testing how firms with differelegree of intangible capital intensity
react to exogenous shocks. In this sense, thetrecenomic depression may represent

an interesting application.
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Appendix

Correspondence between aggregate and 2-digits Eurostat NACE Rev.1 classification
codes:

S01- NACE code 15 (food products and beverages);

S02—- NACE code 17 (textiles), 18 (wearing appagegéssing and dyeing of fur) and
19 (Tanning and dressing of leather; luggage, bags, saddlery, harness and
footwear);

S03 - NACE code 20 (wood and of products of wood aondk,cexcept furniture;
articles of straw and plaiting materials), 21 (pubaper and paper products) and 22
(Publishing, printing and reproduction of recoraeeddia);

S04 — NACE code 23 (coke, refined petroleum produatel nuclear fuel), 24
(chemicals and chemical products) and 25 (rubbémédastic products);

S05—- NACE code 26 (other non-metallic mineral pragdyc

S06 — NACE code 27 (basic metals) and 28 (fabricategtal products, except
machinery and equipment);

S07— NACE code 29 (machinery and equipment n.e.c.);

S08— NACE code 30 (office machinery and computers) ah (electrical machinery
and apparatus n.e.c.);

S09- NACE code 32 (radio, television and communaatquipment and apparatus)
and 33 (medical, precision and optical instrumentgches and clocks);

S10- NACE code 34 (motor vehicles, trailers and seailers) and 35 (other transport
equipment);

S11- NACE code 36 (furniture; manufacturing n.e.c.).
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Figures and Tables

Figure 1 —Quantile distribution of the ratio intangible assever total assets before

(Panel A) and after the normalization by the sanaplé industry mean (Panel B).

Panel A

Quantiles of % intangible assets over total assets (ICl)

60
60

40
40
L

20

20
Quantiles of ICl normalized by sample mean

Quantiles of ICl normlized by industy mean (NICE)

.25 ol 75 .25 . 5 I5
Fraction of the data Fraction of the data

Legend: Panel A reports the quantile distributibthe ratio intangible assets over total assets for
the sample of firms included in our dataset. P@etports the quantile distribution of the same
variable after normalizing the ratio by the sam{pight) and the industry (left) mean. As it is easy
to see the shape of the distribution does not ahaignificantly after the normalization. This
suggests the existence of high heterogeneity anthestry level
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Table 1- Descriptive statistics.

All firms ICIFs non-ICIF

N Mean StDv N Mean StDv. N Mean StDv
ICI: 1343 0.8 2.8 135 6.2 6.6 1208 02 04
ICI_PAST 1343 0.7 2.0 135 31 4.7 1208 04 11
UNIDEG 1343 0.06 0.07 135 0.08 0.08 1208 0.05 0.07
STAFFRATIO 1331 0.7 2.2 133 0.9 2.0 1198 0.7 2.3
AVEDU 1343 104 14 135 10.8 14 1208 103 14
R&D (employm.) 1343 0.0 0.1 135 0.1 0.1 1208 00 0.1
AGE 1343 36.4 19.3 135 37.6 19.6 1208 36.3 19.3
SIZE (employm.) 1343 108.9 392.0 135 222.7 1037.3 1208 96.2 223.1
COMPLEX (index) 1343 05 0.8 135 0.7 0.9 1208 05 0.7
ICT_INV 1343 3.0 9.8 135 4.1 6.8 1208 29 100
LAB_PRDTY 1343 559 284 135 548 28.2 1208 56.0 284
PROFIT 1343 0.1 0.1 135 0.1 0.1 1208 0.1 0.1
ACID 1343 0.1 0.1 135 0.1 0.1 1208 01 01

Legend:

ICI: % Intangible Assets over Total Assets in 2008.

ICI_PAST: % Intangible Assets over Total Assetthie three-years period 2001-2003.

UNIDEG: Graduated Employees / Tot. Employees in200

STAFFRATIO: “White Collars” / “Blue Collars” in théhree-years period 2001-2003.

AVEDU: Workforce Average Education in the threesyeperiod 2001-2003.

R&D (employm.): R&D Employees / Tot. Employees 003.

AGE: 2010 less the year of foundation.

SIZE (employm.): number of employees in 2003.

COMPLEX (index): composite index based on the tyesrs period 2001-2003 taking the following
values: 4 if the firm generates 100% of her turmatieough subcontracting out of which more than 50%
abroad, invests abroad and faces international etitogs; 3 if the firm generates 100% of her turgov
through subcontracting out of which more than 50%o0ad and either invests abroad or faces
international competitors; 2 if the firm generafe®% of her turnover through subcontracting out of
which more than 50% abroad and neither investsaabnor face international competitors; 1 if thenfir
generates 100% of her turnover through subcontigatut of which less than 50% abroad; O if the firm
generates less than 100% of her turnover throulgbagiracting.

ICT_INVESTM: € Invested in ICT / Tot. Turnover ihd three-years period 2001-2003.
LAB_PRDTY: Added Value per Employee in 2003.

PROFIT: Gross Earnings / Tot. Turnover in 2003.

ACID: Short-term Liquidity / Tot. Assets 2001.
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Table 2- Intangible assets persistence.

Panel A: distribution of firms across classes

Classes 2008
Null Low  Medium High Total
Null 197 75 11 2 285
Classes Low 128 638 81 19 866
2001-2003  pjedium 9 68 63 11 151
High 6 2 13 20 41
Total 340 783 168 52 1343

Panel B:transition probabilities across classes

Classes 2008
Null Low  Medium High Total
Null 0.69 0.26 0.04 0.01 1.00
Classes Low 0.15 0.74 0.09 0.02 1.00
2001-2003  pjedium 0.06 0.45 0.42 0.07 1.00
High 0.15 0.05 0.32 0.49 1.00

Legend We consider four distinct classes of the rationgthle assets over
total assets: null (=0), low (>0 and <1%), medivm 1% and <5%) and high
(>5%). Panel A reports the number of firms who warethe jth class in
period 2001-2003 (rows), and in the ith class i®&{columns). Panel B
reports the transition probabilities across classes

Table 3— Correlation matrix.

UNIDEG S/I/%FOF AVEDU R&D AGE  SIZE COMPLEX P'A%—T
UNIDEG 1.00
STAFFRATIO 0.32* 1.00
AVEDU 0.60* 0.32* 1.00
R&D 0.18* 0.06* 0.18* 1.00
AGE 0.00 -0.04 -0.07* 0.00 1.00
SIZE 0.05 0.00 0.01 0.01 0.06* 1.00
COMPLEX -0.05 -0.04 -0.04 0.04 -0.04 -0.02 1.00
ICI_PAST 0.13* 0.03 0.10* 0.08* -0.01 0.03 -0.01 1.00

Legend: * = sig. 5%.
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Table 4 — Determinants of Intangible Assets: Probit regoess
dependent variabl€1F

Probit_1 Probit_2 Probit 3  Probit 4

b/se b/se b/se b/se

Controls Yes Yes Yes Yes
Regional Dummies Yes Yes Yes Yes
D_SIZE M (d) 0.058* 0.039** 0.040%** 0.037*
(0.02) (0.02) (0.02) (0.02)

D_SIZE L (d) 0.061** 0.021 0.022 0.021
(0.02) (0.02) (0.02) (0.02)

D_ICI_PAST (d) 0.214**  0,198**  (0.198***
(0.03) (0.03) (0.03)

FCT_EDU (index) 0.013 0.013
(0.02) (0.02)

R&D (employm.) 0.207**=* 0.195**
(0.08) (0.08)

COMPLEX (index) 0.015*
(0.02)

Obs 1331 1331 1331 1331
LogL -412.891 -357.812 -352.585 -350.891
Chi2 39.149** 149.307** 159.761*** 163.150***

Legend *** = sig. 1%; ** = sig. 5%; and * = sig. 10%; stdard errors in parentheses;

marginal effects are reported. Notice: the margefldcts are evaluated at the means of
the independent variables for the unconditional eeigd values of the dependent
variable; for the binary variables, we report tigcete change from 0 to 1.
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Table 5 — Determinants of Intangible Assets: Quantile esgions,

dependent variablkCl

Qreg_25 Qreg_ 50 Qreg_75 Qreg_95

b/se b/se b/se b/se

Controls Yes Yes Yes Yes
Regional Dummies Yes Yes Yes Yes
D_SIZE_MEDIUM (d) 0.0011* 0.0390*** 0.1610*** 0.1436
(0.0005) (0.0089) (0.0497) (0.9635)

D_SIZE_LARGE (d) 0.0058*** 0.0597*** 0.1645*** 0.0452
(0.0006) (0.0096) (0.0538) (1.0300)

D_ICI_PAST 0.1615*** 0.6779*** 2.1551*** 6.3827***
(0.0005) (0.0088) (0.0487) (0.9432)

FCT_EDU (index) 0.0013*** 0.0292*** (0.0843*** 0.6277
(0.0004) (0.0059) (0.0303) (0.6368)

R&D (employm.) 0.004 0.1285** 1.0090*** 12.5485**
(0.0038) (0.0552) (0.3139) (5.3499)

COMPLEX (index) 0.0002 0.0059 0.0389 0.4446
(0.0003) (0.0049) (0.0285) (0.5334)

Costant -0.0005 0.0217 0.2076** 1.3326
(0.0009) (0.0158) (0.0919) (1.7356)

Obs 1331 1331 1331 1331

Legend *** = sig. 1%; ** = sig. 5%; and * = sig. 10%.; stdard errors in parentheses.
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