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I ntangible Capital and Productivity at the Firm Level:

a Panedl Data Assessment

Maria Elena Bontempi and Jacques Mairesse

Abstract

The econometric literature on measuring returnstangible capital is vast, but we still know Itl
about the effects on productivity of different tgpef intellectual capital (R&D and patents) and
customer capital (trademarks and advertising).

The aim of this paper is to estimate the margimatipctivity of different types of intangibles by
relying on the theoretical framework of the prodoctfunction, which we apply to a large panel of
Italian companies. To this end, the European adamyiisystem makes it possible to compare the
impact on productivity of intangibles measured frexpenditures (as usual in Anglo-American
studies) with the impact of intangible assets reggbioy companies in their balance sheets (a
measure which is available in the Italian contétexample, but less common in the literature).
Our results contribute two main findings to thergture. First, among the intangible components,
the highest marginal productivity is that of inéeilual capital, customer capital and intangible
assets. Second, the use of accounting informatomtangible investments is crucial to find high
effects of intangible assets on productivity, whileangibles measured from expenses seem to play
a more limited role. Preliminary results obtainedni sub-samples mimicking the presence of
spillovers deliver higher effects of intellectuapital on productivity, suggesting that intangibles
social value is larger than the part we can esamath individual firm data.
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1. Introduction

Econometric production functions originated in therk of Cobb and Douglas (1928). In
specifying and estimating production functions, tbgearcher is interested in many aspects. One of
the most important of these is the contributiofR&D to productivity at the Firm Level, in order to
assess the role played by technical progress imogci@ growth. Some examples of the literature on
the topic are Crépon et al. (1998) and Hall andréssie (1995) for France, Hall and Mairesse
(1996) for France and the USA, and Mairesse andndadreu (2005) for France and Spain. A
landscape of the literature is represented by theey of Mairesse and Sassenou (1991) and
Griliches’s work (1984, 1994, and 1998).

Innovation activity is a broad concept, rangimgnirthe invention of new products and services
and the improvement of productive, organisatiomal aperational techniques, to the creation of a
unique public image of a product’s quality. All thfem are aspects of a complex process, the end
results of which may be termed “intangibles”. Retupn intangibles is a subject of considerable
concern for policy-makers, firm managers and reteas. Policy-makers are concerned with the
social or economy-wide returns on investment ingibles, and these returns may be higher or
lower than private returns to individual firms. Megyers are more often concerned with private
returns, because they are the decision-makers @stign. Researchers are interested in both
aspects: in incentives firms have to make intaegibvestments, and in the externalities, spillovers
and other sources of increasing social returnseestment in intangibles.

The aim of this paper is to use the firm-leveldarction function approach to estimate the
empirical magnitude of the elasticities of capigbuts, comparing tangibles and intangibles, as
well as different types of intangibles. This laetr is important because, in spite of a large amhou
of empirical evidence at the level of aggregateangibles, we still know little about the
disaggregated effects on productivity of differgmges of intangibles (a recent survey is Hall et al
2010). The paper also applies results to a disoussiintangible spillovers (on this issue see,,e.g

Griliches, 1992).



In particular, the paper compares intellectual ted@ind customer capital, as well as expensed
and capitalised intangibles. The estimated paramnieteaggregate intangibles will be used as a
benchmark both to assess existing findings andetoup the empirical framework for the
disaggregate results which, to the best of our kadge, have been explored very little to date. The
firm-level data are for Italy, covering the 19821P(period.

The first distinction is between intellectual capitK, and customer capitaCK. Intellectual
capital includes information technology and telecmmications, engineering and design, R&D and
related services, filing for a patent and regisigran industrial design for copyright, engaging in
production process innovation or organisational aperational innovation or product/service
innovation. Since Weiss (1969) it has been ackndgdd that, ideally, intellectual capitéiK] costs
might be capitalised, as such expenditures yietetks mainly in the future; see also Lev (2005).
As far as customer capitdC, is concerned, it includes marketing, advertisprgmotions, market
research and trademarks. Telser (1961) and Hirsd882) point out that continuous advertising is
important if consumers are not to forget the innioves developed by a company. Similarly, brand
names are essential for the economic growth oflegses: they allow one product to be identified
and distinguished from other products, creatinghigue image of a product’'s quality among the
buying public. Hence brands and similar items regné key competitive factors which influence
company sales, and they can be viewed as a cagutal that depreciates over time and needs
maintenance and repair.

The second distinction is between intangible ehptom expensed intangiblesCA, and
intangible capital from capitalised intangibléBS. Intangible capital from expensed intangibles,
ICA, is obtained by capitalising the intangible cas{sorted by companies in their current accounts.
To do so, the perpetual inventory method (PIM, inad in Griliches, 1979) with a single
depreciation rate is used to construct the intdagdapital produced by these costs. This is the
measure of the knowledge capital produced by R&Peasges, which is used by almost all the

studies reviewed above. Knowledge capital from tediped intangiblesiBS, is directly given by



the intangible assets recorded by companies in baance sheets. In this case R&D is treated as
an investment which is cumulated in a stock, deated and reduced in the same way as
investment in a plant or in a piece of tangibleipoquent. This measure is not available in the firm-
level data for the United States. The Financial AAeting Standards Board (FASB, 1974 and
1985), which is the primary body in US that sefgoréing standards, mandates that all R&D costs
must be immediately expensed (Statements of thenEial Accounting Standards, SFAS No. 2). In
contrast, the International Accounting StandardarBqlASB, 2004), which issues international
financial reporting standards (IFRS) to over 100rtdes including the European Union, allows for
the capitalisation of many intangibles (InternasibAccounting Standards, IAS No. 38jlthough
capitalised assets are available in European fwelldata, the literature analysing productivity in
European countries disregarded it. One reasorhismtay be that Generally Accepted Accounting
Principles (GAAP), i.e. the set of rules and pi@egi having substantial authoritative support and
used by companies to compile their financial statets) despite being issued by the IASB, leave
too much leeway for managerial discretion in de@dwhat kind of information convey to the
investors in the financial markets.

The literature on intangible spillover is usualdased on extended production with both
internal/local and external/neighbourhood R&D calpgitocks, in addition to the more traditional
factors of production of labour and physical cd$ae, e.g., Mairesse and Mulkay, 2008). In order
to fully exploit company micro-data and the infotiroa on different types of intangibles, this paper
explores the role of knowledge externalities bytspy) the sample into subsets of firms that might
be more strongly affected by the presence of inkdagpillovers.

From the methodological point of view, the main sétissues regarding regression-based
studies on productivity revolves around the questd how output is measured and whether the

available measures actually capture the contribubbR&D (direct or spillover), and how R&D

1 FASB and IFRS accounting standards are due toecgay and the US will make the switch to IFRS td&0 or an

international comparison of accounting principleaeerning intangibles, see Stolowy and Jany-Caz@@i).
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“capital” is to be constructed, deflated and dejated. This explains why this paper dedicates so
much attention to data construction and to a aertamber of robustness checks.

The relationship between productivity and intangiiolputs is modelled through three different
production functions. The first is an extended CG8lguglas function into which intangible and
tangible inputs enter multiplicatively. The muligative Cobb-Douglas is the accepted standard in
the literature on productivity as it is simple aedsy to interpret and estimate with regression
techniques. However, simplicity comes at the puceseveral restrictive assumptions, such as
unitary elasticity of substitution between intariggand tangibles. The second production function
is characterised by an additive form of total capfa weighted sum of its intangible and tangible
components), which implies an infinite elasticitfy substitution. The third production function
expresses total capital as a constant elasticitgubftitution (CES) function of its tangible and
intangible components. The CES function is moreailile, since the elasticity of substitution is
estimated rather than restricted to a value of onanfinity, as it is in the previous two
multiplicative and additive cases, nested in CES8sifBes comparing the results produced by
different functional forms, we also analyse a \grief specifications, from the least constrained
ones, i.e. non-constant returns to scale, to th& panstrained ones, i.e. total factor productivity

In order to obtain quantitative outcomes from tthisoretical framework we use alternative
panel data estimation techniques. Overall, all éhestimates make it possible to assess the
robustness of our results, and to interpret urfsatsry results — such as low and insignificant
capital coefficients or unreasonably low estimatéseturns to scale — which often arise when
applying panel methods to micro-data (see Griliches Mairesse, 1998).

The paper is organised as follows. Section 2 dhtces the theoretical underpinnings and the
corresponding empirical issues to be tackled ireotd develop the empirical models. Section 3 is
devoted to data sources and measurement issugarticular, it outlines Italian reporting rules on
intangibles, and presents the accounting informagieailable at the firm level for both intangible

and tangible capital stocks, together with a priglary analysis of the variables used in our



analyses. The empirical outcomes are presente@dhoB 4 at the level of aggregate intangibles,
and in Section 5 at the disaggregate level; wentksgle the contribution made to productivity by
each intangible component (expensed and capitalsadgibles; intellectual and customer capital),
and attempt to extend previous estimates to acdourthe presence of spillovers enhancing the
microdata-based measure of intangibles' socialevé@ection 6 contains some concluding remarks.
Details of various aspects of the issues presemntdtde main text are reported in the technical

appendices.

2. Thetheoretical framework and therelated empirical issues

The literature interested in measuring the eftdantangibles on productivity is vast, and an
array of alternative methodologies is availablethwrarious strengths and weaknesses. Among
these, the parametric method of estimating prodadtinctions' is the most common and is usually
accomplished through three "workhorse" theoretraldduction function specifications: the Cobb-
Douglas with multiplicative total capitallC"=(C% KiJ*“*?; the Cobb-Douglas with additive
total capital, TC%=(Cy+ {Ky); and the constant elasticity of substitution (CHS)apital inputs
production function, where the total capitali8%=(C "+ ¢ K%,

The main advantage of this theoretical framewsrthat CES production function is a flexible
model (but with a related heavy empirical burdenyvhich the two Cobb-Douglas representations
are nested (details below). The three theoretipatifications of this paper for multiplicative,
additive Cobb-Douglas and CES, respectively are:

1) QEAB L Ch K™

(2 Qi=A: B L% (Ci+ Ki)' €™t :

3) Qi=Ai B L% (C* + ¢ KA/ Pe™t

where Q;; indicates the value added for different firin®ver timet. The termsA and B; are
efficiency parameters or indicators of the stateéechnology:Ai expresses non-measurable firm-

specific characteristicd3; expresses the macroeconomic events that affectoatpanies to the
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same degree. LabezandK are for tangible and intangible stocks; the relggarametersr and y
are the elasticities of output with respect to estdek; hence\=a +ymeasures the returns to scale
to capital inputs. Parametéiin equation (2) measures the marginal productimitintangibles over
that of tangibles. Labél is for the labour input, and the associated paramg is the elasticity of
output with respect th. The disturbance termsn, &a, and e are the usual idiosyncratic shocks.
Although for simplicity indexes andt are not reported fdt, C,andK variables, also for them we
assume that a panel of data is available; datass@nd measurement issues are in Section 3.

Equations (1) and (2) can be viewed as particzdaes of the CES specification (3) wherés
the distribution parameter (or capital input inignparameter) associated with the relative capital
factor shares in the product; <lp < « is the substitution parameter that determinesvtitee of
elasticity of substitutionj.e. the measure of the ease with which one capitalitinpay be
substituted by another at the same level of prodict

From the definition of elasticity of substitutias the percentage change in capital factor ratios
over the percentage change in the marginal rateabinical substitutionMRTSi.e. the marginal
productivity of intangible capital over tangibleegnwe note that, in the CES production function, i

dlog(C/K) _ 1
dlog(MRTS) 1+

is constant and equal tg = ; Whereas the ratio of marginal products of

dQ/K _ (C)™
intangibles and tangibles depends on the @tiband is given byMRTS= Q = ¢( ) :

0Q/oC "\ K
Finally, CES elasticity of output to capital inputepends, besides on the values of the

parametersid, ¢ and p, on each capital input/total capital ratiéor example, in the case of

w4
intangible capital, we havM :#/MK“’E =A¢ K .
Q/K C7?+¢gK™” Q TC*

According to the value gb parameterdifferent production functions are nested in theSCE

one. In the present paper we refer to the follovtvag casesif and (i).



(i) Whenp - 0 we have that - 1, which is the elasticity of substitution of tkk®bb-

Douglas production function with multiplicative spiecation of the total capitalTC", of equation
(1) 10 fact Im[C 2 + 9K 2] = (Cu,*Y™ and, hencdd. = ABLE[C,*F**[ ™ where
P -

c

C Yy
_ _ MRTS=¢| — | ==
a= A1+ ¢), y= A9 [(1+ ¢), and ¢(Kj a(K

j. This multiplicative Cobb-Douglas is

often used in the literature on productivity be@aasits simplicity in parameters' interpretatiorda
estimation. However, this simplicity comes to acerin terms of restrictions imposed on the
modelled production process. The output elastietth respect to tangibles or intangibles are
assumed to be constant (equalaacand y; respectively), which are invariant over time, rejo
different output levels, ratio of inputs, etc. Télasticity of substitution is one, implying a unifo
flexibility of the response of the capital inputicato changes in relative capital input costs, levhi
different economic scenarios faced by companiesiimigpd to different degrees of use of capital
inputs. In other terms, different types of capaad not fully substitutable and this could be too
restrictive and, therefore, not data congruent.
(i) Whenp - -1 we have thatr » o« , which is the elasticity of substitution of thelib-Douglas
production function with the additive specificatiohtotal capital TC° =TC?, of equation (2). This
additive Cobb-Douglas model is less restricted taumation (1) because it relaxes the assumption
of constant output elasticity with respect to capimputs, and assumes, as the CES equation (3),

that the elasticity of output depends on the le¥ealapital input/total capital ratio. For example,

the case of intangible capital, we have ta foK __1Q CE—AC K Moreover, the
Jible capial /K ~C+K Q " TCT ’

assumptiono =1, as in equation (1), is relaxed in favour oflexible (in the limit, perfect)

substitution between intangibles and tangibledatit, a small percentage change in the ratio of
marginal product of intangibles to marginal prodwéttangibles engenders large percentage
changes in the intangibles-tangibles ratio; inlimé, adding a unit of intangibles and removing a

unit of tangibles will not lead to any change i tmarginal products of neither of them, as they



are perfectly substitutable. Therefore, the malgma#ée of technical substitution is constant,

0Q/oK
0Q/0C

MRTS=

=¢ ={. As for the CES production function, the greatexithility of the

additive Cobb-Douglas entails a more complex smatibn and an heavier empirical burden than
the multiplicative one. This fact sometimes leamlsesults which are difficult to reconcile with the
estimates from the multiplicative Cobb-Douglas fatation (partly because they are usually less
robust, depending to a larger extent on the measneof intangible and tangible assets; sge
Mairesse and Sassenou (1991). The CES specificatequation (3) allows to test whethe(the
flexibility of response of the capital input ratio changes in relative capital input costs) isegith
equals to or greater than one.

Overall, the relationships between the parameitthe three alternative production function
specifications are summarised in Table 1.

Table 1 here

By taking the logarithms of equations (1)-(3), atedining all the variables per employee, the

multiplicative, additive and CES production funcisobecome, respectively:

1) (@-Nit = & + be + (u -l + alci -li)) + Ukie -lie) + ami,

(2) @)t = & + by + (u -1k + Atc-lir) + &2y,

(39 @-Dic = a + by + (-1l + (A1 -p) (tCi-li) + &,

where lower-case letters denote logarithpms;(A+ A); in (2')tc%-l; = log[(Cit+ {Kit)/Ly] ; and in (3")
tcSi-lit = log[(Cit/Lit) ™+ o(Kit/Lir) )] .

In estimating the parameters of (1), (2') anyl (8& have to face a number of empirical issues,
namely: (a) the specification of the individual atethporal heterogeneity(andb;), and of the
error terms émy, &, £Cit); (b) the non-linearity of (2') and (3') in therpmeters{, p andg; (c) the
endogeneity of some explanatory variables; (d)etstenation of theMRTSin equation (1), of the
elasticity of output with respect to intangiblesddaangibles in equation (2'), and of thiRTSand

the elasticities in equation (3').



Issue (a) involves a number of modelling assumgti@bout: the non-measurable firm-specific
advantages (like management ability); the influesfcenacroeconomic drivers (such as the business
cycle, the disembodied technical change - i.e.ctinge over time in the rates of productivity
growth); the use of common price deflators acrasssf (due to the usual lack of information about
prices at the firm-level); the effect of imposingrameter homogeneity, whereas companies may
have different production functions and rates dfsattion of various categories of input. In doing
so, we assume four alternative specificationstfeat andb; parameters.

(i) Absence of individual effects (pooled OLS estiima), but the presence of industry and
temporal heterogeneity that the exploratory datysis and changes in the accounting standards
suggest as relevant. This assumption is implemehyeddding industry and time dummies to
models' specification. If individual effects (retsod from companies’ heterogeneity in terms of
their technologies, efficiency levels and use qfuits) are correlated with models' regressors,
pooled estimates will be affected by omitted-vaealbias.

(i) Two-way fixed effects, both individual and temalofwithin estimation). These estimates
allow for additive firm-effects by using demeanég {irm) data.

(i) Modelling growth rates (first-differences OLS)hieh in the empirical models is an
alternative way to allow for additive firms effects

(iv) Modelling rates of growth over 5 years (non-oapging long-differences or five-year
differences), which is another way of estimatingattns with individual effects. The advantage of
long-differences over approacheég @nd {ii) is that it preserves the cross-sectional dimensio
variability. In panel data with a largé compared td, this implies that the large variance between
companies is used to identify the relevant coedfits, thus reducing the effects of other forms of
misspecifications by obscuring the remaining signdhe data; see Griliches and Mairesse (1998).

Again about issue (a), we have to acknowledge thatlarge panels of micro data
heteroscedasticity in error ternasy, &, and &, can be substantial. In other terms, we a priori

know thatpure heteroscedasticity (i.e. that errors have zeransend variances which vary by
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firm i and timet) is bound to affect our inferencééccordingly, we make inferences using robust
standard errors with the Eicker-Huber-White estonasee Baum, Schaffer and Stillman (2003)
about its Stata implementation. This practice okimg robust inferences as if heteroscedasticity
waspure (i.e. independently on the presence and on theesai heroscedasticity) is discussed and
motivated in Wooldridge (2002).

In order to deal with issue (b), we firstly perfeed grid-searches on parametérg andg of
the additive Cobb-Douglas and CES specificatiomg] abtain initial estimates by minimising
equations' residual sum of squares. Then, we apipieative procedures to first-order Taylor series
approximations of equations (2) and (3') arountainvalues of{, p and¢ which are set to the
initial values obtained from the grid-searches nozetd above. Details about both grid-search and
iterative procedures are provided in Appendix Al.

Issue (c) derives from a number of possible caubesndogeneity of inputs and output in the
production function; the efficiency levels - knowm companies but not to the researcher - which
could induce correlation between firm-effects arglanatory variables; the omission of the rates
of use of labour and capital (such as working hques employee and hours of operation per
machine); other measurement errors due to e.ggelsan accounting standards and requirements,
lack of information about both depreciation rated @rices at firm-level. Since we assume a one-
period gestation lag before intangible and tanggtteks K andC) become fully productive, we
specify the models with beginning-of-period capiteéasures; in the present context, this fact has
the advantage of avoiding or reducing the cormtatbetween capital inputs and equations'
disturbance term$.The simultaneity issue should be of less impoeairc the case of labour
because it is measured by the average number dbgeas (for about half of observations).

Independently on economic endogeneity, changasdaunting legislation together with a lack

of information about the different categories ofrkeys could lead to measurement errors and so

2 As pointed out by a referee, there are also m§kmpure heteroscedasticity, induced by specification peots such
as not valid assumption of homogeneous slope paeamed/or omitted variables and/or incorrect figral form.

% We also estimated using end-of-period capital mess results were qualitatively the same.
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stochastic regressors. One way of dealing with gedeity is the use of GMM estimators (see
Bontempi and Mairesse, 2008). The imposition ofoth8cal restrictions to specific values of
parameters in equations (1')-(3") is another wagyeto implement and interpret, of tackling
endogeneity. This latter approach involves threpsst(sl) assuming firms' profit maximization, the
labour elasticity,5, can be set equal to the share of labour costhéenvalue added; (s2) we
calculate the total factor productivityffc) by imposing constant returns to scalez1; (s3) we
regress total factor productivity against intangibapital, as shown in equations (1")-(3"):

(1" tfpc = a + by + Kk-C) + amy

@7  thpch = a + b+ (1) (F{p O + gan,

(3)  tipci=a + b+ (L fo)-A(e - 9 D + e,

wheretfpc™ = gt =80 lit -(1-B0)Cit; tTpS = it — Bolic ~(1-B0)tc® @ andtc®@y = log(Ci+ OKy); thpcty

= gt — Boli ~[(1-Bo)/-Atc @y andtc®®; = log(C* + pOK™?y).

Parametep,, labelled asslmed is set equal to the sample median of the shatabaiur cost in
value addeds()*. Note that equations (2") and (3") above areessmted as first-order Taylor-series
approximations around the initial valud® ande (details are in Appendix Al).

Issue (d) is about the way to compute measureshndepend on both parameter estimates and

the level of some variables. For exampRTSin equation (1) may be computedéqs: 4(%) :
a
q

where the indexj refers to three different measures of the tangileintangibles ratio: the®12™
and 3 quartiles of theC/K ratio distribution.
The elasticity of output with respect to intangibbgpital (and similarly to tangible capital) in

K
TC?

j where, againg shows that
q

equation (2') may be estimated gs= jf(c KZAKJ :jf{
+
q

* We also experimented with different measures ef share of labour cost in the value-added, sucmdsstry

medians, company medians, and the Torngvist mead#2dsl;. Results are robust.
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we estimate threg’, corresponding to the1 2" and & quartiles of distribution of the ratio of

intangibles to estimated total capital.
The same procedure is also followed to computeotliput elasticity with respect to capital

inputs, and the marginal productivity of intangiblever that of tangibles in the case of equation

3): 7, = j¢(c_+;<_pj =,i¢[$c;j andfqzé{(%j } :

For the CES production function the contributiam productivity of different types of

intangibles can be measured in the following waye @efinition of total factor productivity in this
case of two different types of intangibles (e.delilectual versus customer capital, or capitalised
versus expensed intangibles)tisc®; = g — Boli —[(1-B0)/-Atc%: , whered = a or b denotes the two
comparisons between types of intangiblesi(#f a we compare intellectual and customer capital,
IK andIC; if d = b we compare capitalised and expensed intangitB&andICA). In total factor
productivity formula above we hawe’; = log(TC%) = log(C%: + ¢1Ki % + ¢Ko%), where sub-
indexesl and?2 indicatelK andIC for d = a andIBS andICA for d = b; againgy, is equal teslmed
the median of the share of labour cost in valueeddgl).

In this (disaggregated) context, the elasticity caftput with respect to each intangibles'
component and its marginal productivity with redpecthat of tangibles can be estimated with the

following formulae:

~ -p p+l
. - K, ~. [ K d C
Y9 =4 A L ~| =A@ =~ | and{ =9 (—j

which combines the estimates of the total factadpctivity equation with the %] 2% and &

q

quartilesq of the sample distribution of relevant capitaloatdata, and where 11K and 2 =C for

d=aand 1 #BSand 2 #aCAford=b; 24 and gcdzq are obtained similarly.
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3. Data sources and measur ement issues

The estimation of the theoretical models listedvabis based on a dataset of company data for
the variable®), L, C, andK. Our dataset is constructed from three sourcesCtimpany Accounts
Data Service (CADS) for the financial reportingamhation, the National Accounts data (NA) of
the Italian National Institute for Statistics (ISTAfor depreciation rates and deflators, and the
Survey on Investment in Manufacturing Firms (SIMhducted annually by the Bank of Italy for
the purpose of selecting sub-samples accordinget@itesence of spillovers (see Section 5).

The main data source is CADS provided by CentraldBdanci, a company — set up jointly by
the Bank of Italy andthe ABI (ltalian Banking Assmiton) and other leading Italian banks — which
has been collecting firm-level data since 1982. GAP a large database with detailed accounting
information from more than 148,000 Italian companiperating in a wide range of industrial and
service sectors. CADS is highly representativenefgopulation of Italian firms, covering over 50%
of the value added by those companies includethenitalian Central Statistical Office’s Census.
Further details of this dataset can be found int&mpi (2011).

Appendix A2.1 describes the cleaning rules appteethe original CADS dataset. The final
sample we selected is an unbalanced panel of 14@&Bh manufacturing firms with an average of

6.7 years over the 1982-1999 period (94,968 obtens).

3.1. The measurement of tangible and intangible ¢tap the information provided by company
accounts
Table 2 shows how we used accounting items inrotdedefine tangible (Panel A) and
intangible (Panel B) capital stocks. Each cell @bl 2 contains details of the accounting
categories of tangibles and intangibles availableur dataset.
Table2 here
Panel A illustrates our definition of tangible dto As with intangibles, the cells show the six

tangible assets, from (T1) to (T6), enumeratechieyltalian GAAP. We label these categoi&S,
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wherer=bui, pla, equ, oth, unc, leaDur definition of total tangible capital (S=erBS‘ , Where

r=bui (buildings) pla (plants), andcqu (equipment). We therefore excluded leasirge@) as it is
essentially insignificant, and dismissed and undeted tangiblesréoth, ung because of their
not-yet and/or no-longer productive natgre.

Panel B of Table 2, which focuses on intangiblestits further explanation because it has to
do with the debate on whether and which categointahgibles it would be better to capitalise or
to expense. These questions are the most contralvissues that have recently been raised in the
literature on the topic. From the microeconomicnpaf view, mention should be made of the
debate faced by the International Accounting Stedsl&ommittee (IASC) when developing the
International Financial Reporting Standards (IFR&ternational Accounting Standards, IAS, until
2002) designed to be universally adopted. Impro@ogpunting for intangibles is one of the major
challenges for future financial reporting becaulse asymmetric way of dealing with tangible
resources — treated as investments — and intangibbeirces - treated as costs — is believed to have
increasingly reduced the value-relevance of finan@porting (Hgegh-Krohn and Knivsfla 2000).
Microeconomic analysis of this issue is providedhmsy works of Lev (see, e.g., Lev, 2001). Yet the
debate is of interest from the macroeconomic pointew, too: firms’ expenditures in knowledge
creation until now have largely been excluded froational accounts (GDP) and capital stock, and
uncounted intangibles have a significantly negat¥fect on the measured pattern of economic
growth. For this reason, one of the major changekefining the new System of National Accounts
(SNA) regards the recognition of non-ICT intangghlénnovative property such as R&D, design
and product development in financial services, @wdnomic competencies such as market
research, advertising, training and organisaticagital; see the literature, starting from Corratio

al. (2005 and 2009).

® When we use the broader definition of tangiblessingation results do not change significantly. Abn-reported
results of the present paper are available upamestq
® Software, mineral explorations and entertainment artistic originals are the only components tat considered

investment in current national accounts data.
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In Italy the reporting of intangibles is subjeota combination of national GAARNd IAS 38
plus IFRS 3 standards (which supersede IAS 22) Tambination implies that, notwithstanding
the fact that the criteria employed in recognisintangible assets are similar to those of the
IAS/IFRS? this combination accounts for more intangible &sdban those provided for by
IAS/IFRS. In fact, Italian GAAP present a specifgt of intangibles that should be capitalised, i.e
recorded as assets in the balance sheet: (I1)ugtasnd expansion expenses; (I12) research,
development and advertising costs; (I13) patentsiatallectual property rights; (I14) concessions,
licences, trademarks and similar rights; (I5) goihghi6) assets being evaluated and payments on
accounts related to intangible assets; (17) othkatian GAAP also require that certain other
specific intangibles (or those intangibles that mm qualify for capitalisation as assets) are
recognised as costs when incurred. Hence, defecheslges — such as development costs,
advertising and applied research spending — antsigich as brands are intangibles capitalised as
assets and thus treated as valuable investmentsalgn GAAP. In contrast, the criteria for
recognition of an intangible asset applied by IAR®$ and based on the prudence principle imply
that resources spent on such items can only bendegeand thus reported as cosffhe
justification at the basis of IAS/IFRS is the unaer, discontinuous nature of many intangibles: the
amount of intangibles to be capitalised would k& gobjective, thus offering managers a means by
which to manipulate reported earnings and assatsal

It could be argued, however, that the level ofastainty of specific intangibles is not notably

higher than the uncertainty of other corporate stwents, such as stocks or bonds. The expensing

" Based on article 2424 of the Italian Civil Coda, laegislative Decree no. 127/91 implementing tharffoEuropean
Commission Directive which modified a number of @atting standards, and on principle no. 24 of@oenmissione
per la Statuizione dei Principi Contabdif theConsiglio Nazionale dei Dottori Commercialisti egRanieri.

& An intangible asset should be recognized at dosnd only if it is identifiable, it is probable ah specifically
attributable economic benefits will flow from thesats, and its cost can be measured reliably.

? Intangibles initially recognized as an expenseukhaot be recognized as part of the cost of aanigible asset at a

later date.
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of intangibles also affords managers a powerful imdation tool which is arguably more
damaging than manipulation-via-capitalisation. Tigparity of treatment between intangible and
tangible assets could make short-term behaviouadctitte to managers; furthermore, it could
mislead investors relying upon the financial staetnas their primary source of information.
Several descriptive studies, in fact, document tiodtrecognising intangibles as assets hampers the
value-relevance of financial statements (amongreth&boody and Lev, 1998, regarding software
development costs). Statistical evidence also sigdkat the capitalised value of intangibles, such
as R&D costs, would provide important informati@nitnvestors when they are pricing securities
(Lev and Sougiannis, 1996, and Hulten and Hao, 2008

In Table 2, Panel B, the categories from (I11)I%) (epresent the intangibles which, according
to Italian GAAP, are capitalised; we have labelieelse categorid83S (j=start, rd, pat, mark, god,
fin) to indicate intangible capital stock reportedhe balance sheets. For the sake of consistency,
we created categories (I18)-(110) to indicate inthlgg that cannot be capitalised, but only
expensed; in these cases, the intangible capitekstare computed from the co€E" (h=rd, pat,
adv), reported in current accounts, according to thd Bescribed in Appendix A2.2. We have
labelled these intangiblé€A" (h=rd, pat, ady).

The Italian case thus makes it possible to lighteneffect of both capitalised and expensed
intangibles on company productivity. In other terntke treating intangibles as assets for
accounting purposes exploits inside informationualaepreciation/obsolescence and expectations
concerning future profits on the part of managdigse settlements are unknown to the
econometrician and can be compared with assumpéibast the starting values, the depreciation
rates and the negligibility of disinvestment/sciagphe makes when implementing the PIM
formula.

We can also disentangle the effect on productivitthe different natures of intangibles: those
having to do with research, development, infornmatamd communication technology, which we

call intellectual capitallK, and those exploiting and improving relationstops company with its
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customers, which we call customer capit@K. Of course, we can also assess which of the two
types — intellectual or customer —is mainly comploskcapitalised or expensed intangibles.

Hence, we define total intangible capitid) {n two different ways.
(1) Focusing on the different accounting treatment,de®neK = IBS + ICA (along the rows of

Table 2, Panel B). Intangibles capitalised as asaetl thus treated as valuable investments are

IBS= Z,— IBS' with j=rd (applied research and development costs, adveytisists which are

functional and essential to the start-up phaga),(purchased and internally-developed patents,
software and intellectual property rights), amdark (purchased and internally-developed

trademarks, concessions, licences and similargjghttangibles expensed, and thus reported as
costs, ardCA= Zh ICA" with h=rd (basic researchpat (regular licence fees paid for patents),

andadv (operative and recurrent advertising).

(2) Focusing on the economic nature of intangibles,alg® defineK = IK + CK (along the

columns of Table 2, panel B). Intellectual capitalk= " IBS' +> " ICA" with j=rd, pat and

h=rd, pat it is composed of R&D and patents regardless béther they are capitalised or

expensed. Customer capital &K=IBS' +ICA", with j=mark and h=adv, it consists of
trademarks (capitalised) and advertising (expensed)

The last column in Table 2, Panel B, shows thewaatting information on other intangibles
which is available to us in the balance sheetsmBtion/expansion/start-up expensstaif) and
goodwill (good have not been taken into consideration, givenr thmscellaneous or peculiar
natures, which require further, specific analySi©eferred financial chargedir() have to be
excluded from the analysis of company productivitgally the category (I6), given its specific

nature, has been reallocated to other categori@s, @i1) to (15)*

°The results are assessed in terms of whether teaphust enough to “start-up” to the inclusiortied start category.
™ The reallocation procedures also take into accouetlegislative changes introduced in 1992, when fourth

European Commission Directive was implemented btusiry law (Legislative Decree no. 127/91). Borpée2011)
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3.2. Intangible capital components: occurrence anthgnitude compared with tangible capital

In this section we analyse the magnitude and oenue of intangible capital and its
components. Each cell of Tables 3 and 4 shows #anr(in the first row), the weighted average (in
the second row) and the median (in squared brgckatsl row) of the ratio of intangibles to
tangibles (in Table 3) and of the percentage coitipnsof total intangible capital (in Table 4). The
figures in Table 3 refer to: the book values ofhbimitangible and tangible assets (in columns (1));
the replacement values for intangible assets amthdlok values of tangible assets (in columns (2));
the replacement values of both intangible and tdagissets (in columns (3)). Replacement values
are obtained by applying the PIM; of course, staxkmputed from expensed intangibles are always
at replacement values (see Appendix A.2.2). The pesison of assets at both book and
replacement values with intangible capital compulenn expensed intangible costs makes it
possible to evaluate the effect of estimating sfanktead of using assets as they are reportéatin t
balance sheets. Since results are robust to theofusdferent measures (book or replacement
values) of capitalised intangibles (and tangibles)lable 4 both intangible and tangible assets are
at book values, as in columns (1) of Tabfé 3.

Table3 and 4 here
Distinguishing between the different types of igibles, ICA*" (the part of customer capital

relating to operative and recurrent advertisings)oasxndZj IBS' with j=rd, pat (the component

of intellectual capital due to applied R&D, paterdsftware and intellectual property rights) are th
first and second most important intangibles, relgaslof the scale attributed to the phenomenon

(total tangibles or total intangibles). The compunef customer capital capitalised by firms,

|IBS™* (trademarks, concessions, licences and similéts)jgand the part of intellectual capital

illustrates the procedures we followed in orderlitlkk the reporting rules of Italian GAAP with thec@unting
information available for our sample of Italian qoamies, and the empirical variables suitable fodpctivity analysis.

12 See also the estimation results reported in Thblef Bontempi and Mairesse (2008).
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computed from basic research costs and licencep@esfor patentszh ICA" with h=rd, pat,

follow in third and fourth positions respectively.

Intangible capital and its components are furtdreslysed by taking into account the role of
values equal to zerd.The results are reported in Table 5, for total mfacturing (in bold) and for
the sub-samples of manufacturing according to tjietval technological intensity.

Table5 here

To make comparison easier, the first row, labelladl sample Total”, shows the same results
as those given in Table 3, columns (1). The uppat pf Table 5 reveals how the average
intangible-to-tangible ratios change in the sub{gamin which total intangible capital and the two
combinations of its components are never equakto.zZThe percentage of observations featuring
zero intangibles is not relevant (about 17%), adaar if we compare the numbers of observations
in the “Full sample Total” and thé&"never zero Total” rows.

The “BothIK andCK never zero Total” and “BotlBS andICA never zero Total” observations

represent 64% and 35%, respectively, of tkenever zero Total” sample. Advertising expenses are

rarely characterised by continuous initial zerosnde, the stocdCA**computed by the PIM,
which is the main component 6K, is almost unaffected by zeros. In contrast, #re presence of
initial non-zero observations in R&D and patent enges affects the corresponding stocks,
included inICA.

Given the definition of intangible capital presehten Table 2, the comparison of the
percentages reported in thi&“never zero (an@K zero) Total” row shows that intellectual capital
is mainly composed of applied R&D and patents (7 Ablich are recognised as an asset and thus
included in IBS Basic research and patent royalties (expensedandtincluded in thdCA

component) represent only 23%IKf (and are an almost negligible componentG). In contrast,

13 At the parameter-estimation stage, we used twaoagpes: focusing on the sub-sampleKofiever equal to zero;
using the full sample and including specific dumwayiables indicating observations with null valdes intangibles.

The results are quite robust, especially, as erpeat the additive and CES specifications, equaat{@) and (3).
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operative and recurrent advertising costsI@i) are the main component @K (88%); this is
shown by the CK never zero (andK zero) Total” row of Table 5. Trademarks account jtcst
12% of customer capital: see the combination@K ‘never zero (antk zero) Total” row with the
IBS column.

The “Full sample” rows disaggregated accordingh® technological intensity of industries
and the K” column of Table 5 display a high value for théioaof total intangible capitalk)) to
total tangible capital@) in the LT industry. This result can be explain®dlooking at the other
columns on the right-hand side of Table 5: it isacly driven by the component consisting of
expensed intangible$dA) and, in particular, of customer capit@lK). Advertising and trademarks
are also important to the HT+HMT industry; neveltlss, as we expected, applied R&D and
patents (included in th8S category) played an important role compared t@mobnanches. These
results are confirmed by the disaggregation by siriks of the K never zero” row, and are further
emphasised by thdK never zero (an@K zero)”, “CK never zero (antk zero)”, “IBS never zero

(andICA zero)” and TCA never zero (antBS zero)” rows.

3.3. Basic descriptive statistics of the model<iables

The main statistics of the variables of inter@straported along the columns of Table 6.

Table6 here

Per-employee level statistics, measured in muliohItalian Lira at 1995 prices (in the upper
part of Table 6), suggest considerable departuogs hormality: means are always bigger than the
corresponding medians; the effect of outliers instag departures between parametric and non-
parametric measures of spread (standard devigdibn,and inter-quartile range, IQR) is evident;
these results particularly characterise the nundfeemployees and intangibles. Of all of the
variables, intangibles represent the most extreasex for example, the parametric measures of
centre and spread of the total intangible stockepeployee are about five times bigger than the
corresponding non-parametric measures (in particthe mean is well over thé%3yuartile). The
same features are largely reproduced by the inbéatp-tangible ratio because of intangibles as the
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numerator. These facts suggest that large intangbdcks are concentrated in relatively few
companies, and that zeros are more prevalent hanefor the other variablés.

The distribution of labour costs seems almost brmith variability that is less than one-third
of the average. In other terms, the share is quété summarised by the measures of centre of the
distribution; the labour share of value added ayesaat about 65% of productith.

As far as growth rates are concerned (in the lopget of Table 6), per-capita production
figures, value added, intermediate inputs, an@, lesser extent, tangible stock statistics arelami
to each other over the sample period. Employmeowvtr is slightly more stable than previous
productivity measures, while statistics for totatbingibles suggest a 30-50% higher variability than
previous variables. Variability of intangibles imghasised when disaggregated components are
considered, mainly due to the larger presence obszeas shown by the reduced number of
observations and companies involved in the comjmumsiof growth rates (the numbers foF and
N, respectively, reported in the notes to TableT#iis variability is reduced when measured by
robust statistics.

Table 6 also presents the total variability decosipon in betweeni.e. across) firms and
within firms (.e. due to time). Variables measured in levels habetaween-firm variability that is
always greater than 70-80% of the total variahilihe only exception being the labour cost share.
Between-firm variability greatly loses its relevanehen growth rates are considered and level
information is lost: sample variability due to iadiual effects drops to about 15-20%. The higher
between-firm variability for the intangible stockogvth rate confirms the significance of a few
individual companies, as outlined above. In genetiisde never exhibits a significant role in
explaining variability; this result, in line witthe findings of other studies (see, among others,
Griliches and Mairesse, 1984), must be taken imdnsicleration when interpreting estimation

results. The main features illustrated in Tabferathe whole sample are qualitatively the same if

1 These facts suggest the use of tHe21’ and 3 quartiles in computinIRTSin the multiplicative specification, and
the elasticity of output with respect to intangghie the additive specification.

15 Confirming that median values in the total faqtosductivity approaches do not bias results.
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we split the sample into the three sub-samplesespanding to the high-, medium- and low-
technology sectors (see Bontempi and Mairesse,, ZGdl8e Al).

Regarding the correlation matrix between the végmbwve note that levels only occasionally
record simple correlations in absolute values wiaiehin the 0.2-0.4 range, while in differences the
correlations are hardly ever larger than 0.2. Tloeee we can be confident that multicollinearity is
not an issue in estimating the models listed itiBe@. This is quite usual in large panels of rmicr

data.

4. Basdineresultsusing aggregate intangibles

We report in the four Tables 7a-7d the estimatesults of the cases listed in Section 2 by
using aggregate intangible data described in Se&ias a measure f&. In particular, each table
reports decreasing restrictive assumptions regargarameter heterogeneity, going respectively
from Table 7a (reporting the pooled estimates, wthie assumption of heterogeneity is minimal)
to Table 7d (reporting five-year-long differencelSach table has the same structure: two blocks of
three lines reporting estimation results that respely come from multiplicative and additive
Cobb-Douglas and CES models. This three-line bledlepeated two times in each table because
we report both the estimates from the least résttiparameters of equations (1')-(3"), i.e. no
constant returns to scale, and those for the nestticted parameters of equations (1")-(3"), i.e.
total factor productivity (these restrictions arectissed in Section 2).

Tables 7a-d here

The column structure of Tables 7a-7d is the sarhe.first three columns report the estimates
of the elasticity of output with respect to intaolgi capital (which is constant and directly estiadat
in the multiplicative Cobb-Douglas, and computedcbynbining parameter estimates with quartiles
of data sample distribution in the additive CobbuBlas and CES). The last three columns report

the estimates of the marginal productivity of irggates over that of tangibles (which is constant
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and directly estimated in the additive Cobb-Douglasd computed by combining parameter
estimates with quartiles in the multiplicative Cebbuglas and in CESY.

The constant elasticity, as directly estimatedhsy multiplicative Cobb-Douglas, is similar to
elasticity as estimated in correspondence to tind tjuartile by the additive Cobb-Douglas, and to
the second quartile by CES, given the distributbbrihe ratio of intangibles over estimated total
capital. SymmetricallyMRTS which is directly estimated by the additive Cdbbuglas, is similar
to those obtained from the estimates of the miudfgive Cobb-Douglas and CES in
correspondence to the first quartile of the distiitn of the tangibles/intangibles ratio. These
results reflect the patterns reported in Tablerémfwhich it emerges that the distribution of
intangibles over tangibles is positively skewed duse intangibles are much more highly
concentrated within a small number of companies.

Overall, aggregate intangibl&salways play a significant role in explaining pratuity. This
fact is robust to heterogeneity assumptions @.¢hé estimation method) in terms of both elasticit
and marginal productivity over tangibles. It iscalsorth noting that the total factor productivity
equation (3") in the lower blocks of Table 7a-Tdagys delivers significantly larger estimates than
those produced by the non-constant returns to szplation (3) in the higher blocks. Given that
endogeneity in this context is expected to induegative biases of estimates, this fact suggests
that, as shown in Section 2, the total factor potigtity restriction is able to deal with endogegeit
(GMM estimates, not reported here but availablBontempi and Mairesse, 2008, Table 9, support
this finding).

Given the parameter estimates of different moaedth alternative estimators, it may be
interesting to inspect how wide the intervals aetween the third and the first quartile of the
marginal productivity of intangibles over tangibleported in Table7a-d. The width of these inter-

guartile intervals depends on the way in which pesstimates of; a, and ¢ parameters interact

16 See Table 1 for the summary of the relationshigtsveen model parameters, specific capital ratistieity and

marginal productivity. Estimates of the other pagtens are available in Bontempi and Mairesse (200)les 7a-d.
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with the sample distribution of the ratios of tdvigiover intangible capital. The larger parameter
estimates under the assumption of valid total fagmductivity explain the wider intervals
compared to the non-constant returns to scale feg@mn. Overall, independently of the
theoretical model and the estimation method, allhef ranges broadly overlap the range of CES
estimated with long differences which, in this wagn be taken as representative of the overall
results. This range of marginal productivity ofangibles over tangibles is between one and four,
and suggests that the advantage in terms of predyajiven by intangible capital is more than
four times the productivity gains of tangible capiftor more than one quarter of the firms in our
sample. At worst, for another quarter of the firmsch relative productivity is slightly larger than
one (again, in favour of intangibles).

If we focus on the estimates corresponding tostmaple medians (MED), the within and five
year-difference estimates appear somewhat singtamfirming the relevance of accounting for
heterogeneity. Regarding the models, CES specditatan be seen as a reasonable compromise
between the point estimate of the additive Cobbdlemiand the large range of values of the

multiplicative Cobb-Douglas.

5. Resultsusing different types of intangible assets

On the basis of the theoretical framework deplidgteSection 2, and using the estimation
method outlined in Appendix Al, in this section weport the estimates of the parameters of a CES
production function which embodies total factor guwotivity restrictions (to deal with the
endogeneity issue) and we evaluate the contributmnproductivity of different types of
intangibles? In particular, Table 8a reports the results bytspdj total intangibles into intellectual
capitalIK, and customer capit@lK.'® Table 8b reports the results by splitting totahirgibles into

intangible asset$BS and intangibles capitalised from expenditur€s,.

" Estimates obtained by using other specificatidrte® production function are available upon reques
8 The IK variable includes IT and telecommunications, eegimg and design, R&D-related services, filings fo

patents and registration of industrial designs ¢opyright and engaging in production process intiomaor
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Table 8a and 8b here

In Table 8a, the differences between the estimatacyinal productivities ofK and of CK
tend to be concentrated in the third quartile, badome less relevant as we move from OLS and
first-differences to within and long-difference iesdtion methods. Conversely, the differences
between the estimated marginal productivitiedBf and of ICA in Table 8b are always quite
important, independently of the estimation methageds In addition, within and five-years
differences estimates are smaller than those adstairom OLS and first-difference methods. In
general, the pattern of estimates from the estonatiethod confirmed what was previously found
at the aggregate level (see Section 4).

If we define as a reference for our results thgregated intangible estimates obtained by long
differences applied to the total factor producyiapecification of the CES production function (the
results of which are reported in the last row obl€ard),ICA displays a marginal productivity in
line with that of total intangibles, and its marglirproductivity is smaller than that ®BS of
intellectual capitallK, and of customer capitafK, (which is the highest).

Italian GAAP leave managers free to some extendaaiding whether or not to capitalise
R&D. Albeit based on a priori and subjective exp&ons on uncertain profits, the choice of
capitalising some intangibles by managers seemmdease the value relevance of financial
reporting: capitalised intangibles are those widgkie firms’ performance most strongly. In other
terms, IBS exploits managers’ inside information about thenemnic benefits expected to flow
from resources spent on intangibles and, as sutdgrs@a measure of knowledge capital which is
more reliable than the one computed by the econaiaet on the basis of a limited information
set. This result is in line with the findings of éth-Krohn and Knivsfla (2000) and Zhao (2002)
who compare Scandinavia, the UK, France (capitagigiountries) with Germany and the USA

(expensing countries): the value relevance of e rstatements would be improved if expensed

organizational and operational innovation or pradocovation, while theCK variable includes marketing, advertising,

promotions, market research, and trademarks.
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costs in knowledge, design, licences, and tradesnarkre partly capitalised. Moreover, the
allocation of R&D costs between capitalisation arngense further increases the value relevance of
R&D reporting in France and the UK.

By comparing Tables 8a and 8K and IBS estimates are very close because intellectual
capital mainly consists of intangible assets (sakld 2). This is no longer true if we comp&ig
and ICA, as customer capital has larger estimates thasetlmd intangibles capitalised from
expenses. This result suggests tlak productivity is mainly driven by advertising, raththan by
basic R&D and patent royaltiés Finally, it should also be noted that trademanks hrands (i.e.
the portion ofCK made of intangible assets) play a significant foleaising the productivity of
customer capital over that of tangibles. Greenhalgth Rogers (2012) find that UK firms that trade
mark are characterised by significantly higher eadded than non-trademarkers.

Until now we have focused on the empirical examamabdf the influence of intangibles (and
their composition) on productivity at the firm lévélowever, a important feature of intangible
assets is that their social value is substantlaliger than the portion that is captured by esesat
based on firm data. In order to extend our resal&spects coming from the spillover (or network)
literature on intangibles, we selected some sulptesrof the whole dataset in which we estimate
the same relationships described above. In this waywere able to assess — through parameter
changes — the extent to which the role of intellat(lK) and customerlIC) capital increases if
measured in contexts where the externalities apea®d to increase the effect of intangibles on
productivity. Our results are reported in Table 8c.

Table 8c here

Before analysing the results in sub-samples, dukh be noted that the definition of the

sample-selection (binary) variables requires that “old” (CADS-based) dataset is merged with

SIM, the annual survey conducted by the Bank df iehich provides additional information on

19 Estimates of the productivity of total intangiblsmputed by excluding advertising show resultditaavely similar

to the ones in Tables 7a-d (results not reported).
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firms’ activity in relation to knowledge spillover&iven that SIM is available for fewer cases than
CADS, in order to minimise the loss of observatibesore the merge we updated the CADS data
to 2010. The resulting ("new”) dataset, from whitte “spillover” sub-samples are extracted,

covers the 1984-2010 period for 6,557 manufactuaind non-financial private service companies
(an unbalanced panel of 18,400 observatiéhs).

Given that the “new” whole sample is quite difigr&om the “old” one (i.e. the dataset which
was used in all of the other parts of this papeg,ran a benchmark regression using the “new”
dataset in order to check whether their estimateslase to those obtained from the “old” dataset.
The results are compared in the upper block of fowrs of Table 8c. In particular, the first two
rows (labelled as "Table 8a”) report the same tesa$ those in Table 8a obtained through the
within transformatiorf> While the second two rows (labelled as “Man.+Sereport the results
obtained with the “new” dataset. Results in the tsamples do not markedly differ for the
estimated elasticity dK, whereas they record lowBIRTSfor IK. This picture is reversed as far as
IC is concerned, with a lower elasticity and highRTS probably as a result of the joint effect of
the macroeconomic cycle (the “new” data span iredutthe 1999-2000 expansion and the crash of
2008-2009) and the inclusion of service sectongiin the “new” dataset. Regarding the cyclical
effects of intangibles on productivity, during th899-2000 expansion the estimated®@fshould
have increased (to a lesser extent also tho#i€)pfvhile the 2008-2009 recession reduced the role
of investment in customer capital. At the same fisagvice-sector firms should be characterised by
higher elasticity ofK at the third quartile of thEK/C distribution, and by higher elasticity & at

the first quartile and at the median of tl#C distribution.

% Note that, besides sample period and compositidthe "new” dataset we also modified (due to datailability) the

measurement of capital inputs, which here are bardtie replacement values (rather than book vpleesll capital

inputs. However, the use of book values, albeitiltegy in a smaller sample, would not qualitativelyer the results
from replacement value regressions.

2L The within transformation was chosen becausesdflise similarity to the results of long differesqalso shown in
Table 8a), while preserving more observations. paisimony of the within-transformation estimatdll tve extremely

useful for making better inferences (i.e. with mobesservations) in small sub-samples.
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The rows labelled “R&D ext.” report the results thfe first experiment in spillover sub-
samples, as here we selected only the observatioti®se firms using the support functions “IT
and telecommunications”, “engineering and designy “R&D and related services” performed by
outsourcerd? The outsourcing sub-sample collects more smadi-§ie. less than 200 employees)
firms in commercial services. If compared to comearengaging in in-house R&D, firms with
R&D outsourcing show a significantly higher elagyi@andMRTSof intellectual capital.

The rows labelled “R&D out.” report the results ieth collect a sub-sample of firms that
outsourced the support functions listed above tmmpany which was not located in the same
region of Italy*® Such specific delocalisation of the support fusrtsi characterised firms belonging
to a very specific set: that of the “energy andaotton” industry in the 50-99 employee size-class.
Parameter estimates associated with intellectyatatancrease further with respect to the “R&D
ext.” case.

Finally, the rows labelled “R&D per.” report thesults which collect a sub-sample of firms
that reported assigning the R&D/planning functionsenior managers (including shareholders or
owners if they have a managerial role) and junianagers. These companies with internal R&D
employers are mainly in the manufacturing sectod &dave more than 200 employees. The
estimates for this sub-sample engaging in in-hdR&P do not differ from the sample as a whole

and are lower than those for outsourcing companies.

22 \Where the provider of the support function is #iedént firm, i.e. a non-group firm, ltalian uniséty and research
centre or foreign university and research centhe feference period here covers the years 2004, 2008, 2009 and
2010. The alternative is that in which the supfantction is provided internally, either by the firiiself or by another
firm in the group.

% More specifically, the sub-sample includes firhattreceive support functions from firms locatedaiother region
of Italy, in an EU country (on 31-12-2003), in atlieuropean countries, in China/India, in USA/Canaatan the rest

of the world.
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6. Concludingremarks

So far, a large body of literature relating tohteical progress and production functions has
analysed the effect @btal intangibles on productivity in depth, while thdeets ofdifferent types
of intangibles remains practically unexplored. Thelssaggregated intangibles are of a different
economic nature and can be broadly classified imiglectual capital (mainly R&D and patents)
and customer capital (trademarks and advertisifigg. first aim of this paper is to contribute to the
strand of the literature measuring the productiv@ifects of intangibles through empirical
production functions at the firm level within a coman framework, where the productivity of total
intangibles and of their components is analyseth borelation to that of tangible capital and in
absolute terms.

The second original contribution of the paper sakdvantage of the Italian/European GAAP,
according to which resources spent on intangibdeg. (@dvanced research, development, design,
licences and trademarks) are treated as investmé&his has allowed us to investigate the
information content of intangible assets, as Italiams record them on their balance sheets: their
productivity is compared with that of intangiblep@al obtained by capitalising costs reported & th
current accounts, which is the input employed byast all empirical Anglo-American studies on
the productivity of knowledge capital. This rich talaenvironment and alternative variable
measurement are described in Section 3.

With regard to the paper's methodology, the CE®dpction function and the nested
multiplicative and additive Cobb-Douglas forms astimated. The CES model estimates the
elasticity of substitution rather than impose itdata and, as a result, it is more data-congrunamt t
the other two. However, this flexibility comes detprice of cumbersome iterative estimation
procedures. Therefore, we feel that the best medsi to “try them all” in order to assess whether

different theoretical models, combined with theivmoempirical assumptiorf§,converge at some

% Regarding the econometric assumptions, it shoelddied that specification and estimation with pa&aehniques is
able to cope with (or, at least, mitigate) a numtfgpotential issues, such as unknown individual smporal effects,

simultaneity and measurement errors.
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point around robust findings, or instead give exely unstable (i.e. model- and method-specific)
outcomes. Our strategy to combine theoretical nsodeld statistical assumptions is outlined in
Section 2.

As a result, a number of alternative estimategarormed and described in Sections 4 and 5.
Outcomes confirm the robustness of our resultschvlindeed convey a rather consistent and
credible overall picture. The order of magnitudettd elasticity of total intangible capital for the
median firm is in the 0.03-0.07 range. If we refer(benchmark) results from the total factor
productivity specification of the CES function estited in long differences, we have an elasticity
of output with respect to total intangibles equalOt046, implying — very roughly speaking — a
current rate of return in the range of 2-3 eurasyear for each euro of investment in intangibles
(with reference to the median firm).

Focusing on intangible components, the highestgmal productivity is that of intellectual
capital, customer capital and intangible assets.mhrginal productivity of intangibles components
against tangible capital is quite significantly liiég that one. However, intangible capital computed
by capitalising expenditures displays the lowestleof productivity. Hence, if we ignored the
information content of the Italian GAAP, we woulédJe measured intangibles from expenses
reported in firms’ current accounts (as Anglo-Aman literature does), and we would have
underestimated the intangible assets productivity.

In spite of substantial measurement issues attteagcepticism of many company analysts and
economists, the latter finding confirms that companaccounting figures for intangible assets
provide information which is useful for a betterdenstanding of the relationship between
intangibles and productivity. This fact should sogipthe view of advocates of reporting and
accounting requirements which allow intangibledbéocapitalised in firms’ accounts (as well as in
national accounts). Treating intangibles as a fofrimvestment should reduce the information gap

between tangible and intangible resources.
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Appendix Al: Estimation methodsfor the non- linear specifications

By using a first-order Taylor-series approximatemound any initial value for the unknown
MRTS 9, the production function with additive capital daawritten as:
(A2) @i = & + by + (u-D)le + At Oeli) + A (-7pk +2a
where lower-case letters denote logarithms, and defined as(A+/). The two regressors of
equation (A2, i.e(tc® @) andp<®®, in which (A2") linear, can be computed,df is known,
with the formulas:tc®©@-I; = log(TC@/Li) = log[(Ci+ JPKi)/Li]; and p@; = K/ TGO, =
Ki/[exp(td©@-1i)Li] . Parameters' estimates are obtained through raivee procedure which starts
from a value of!” given by a grid-search on tifeparameter using equation (2'). The grid-search
sets¢ equal to all the values in the range 0-2 with €elp and retains ad® the value of¢ that
minimises the residual sum of squares. Gig€h, using the definitions above we can obtain the
corresponding data for the regress@ed®;-Ii) andpc®® and run a regression of a formulation of
equation (A2") that is used along the iterativecprure:
(A2a) (@-Di= ai + b+ (L)l + A @€ heli) + A (T D-E)p O + ea
where the exponerfh) labels the results of thé" iteration. This first regression will lead to the
estimates of the N+T-2 parameters of equation jA2eenn=0: g (for i=1, 2, ... Nparameters)x
(for t=1, 2, ... T-1parameters)and the three estimates @1) , A , and A({Y-d9). By combining
the estimates of and A(¢!Y-2?) with the initial value of® we obtain the estimate @ that can
be used in the following iteration, i.e. wharl. Whenn>0, the equation (A2'a) regressors are
computed astc®™; = tc 2™ + log[1+p(dV-"M)pd™ ], and p™y = Kid[exptd™i-liLi]
wherep is a smoothing parameter. Note that, in generaimn fthe estimates at tmd iteration we

obtain the estimate of™? to be used to generate the regressors of iteratidrf® The iterative

%5 We also run two procedures with the alternativeraximationstc®™,=tc®™%, + p(¢"-")p ™Y, andtcX ™, =tc®"™

a(n-1)

D+ p(d™-2"Noevp ™Y, | where bEVp®™Y; is the deviation of?™)

. from its sample median. Results do not
change significantly. In the estimates reportedables 7a-d, we sgt=1. Alternatively, we also sgi=0.8 andp=2

without any significant changes in the resultintineates.
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procedure stops whe

Z(n+1) _Z(n) . ) .
= <0.0001 and the estimated parameter associated tigth

Z(

explanatoryp®™; is not significantly different from zero. In thimse,™™ is not significantly

different from ¢, and corresponds to the findlestimate of equation (2.Similar procedures,
with slight changes to account for the introductairfurther constraints, are used to estimate the
constant-returns-to-scale version of (2'), as aglequation (2").

As with the additive specification, estimates loé fproduction function with CES capital are
obtained by an iterative procedure on a first-orfiaylor-series approximation around an initial
valuep® and with a fixedo = -0.5:

(A3) @D =ai + b+ (D + (A1 -P)(t ki) + (A1 -9)(9 - 9 + o,

where lower-case letters denote logarithms; (1+/); the regressors are defined ta¥% - I =

log(TC*W/L™) = log[(C et gOKAYLA]; and ph = KATC O = K W/ lexpc il L 4]

The starting valug® is selected by a single-grid search ongtarameter in equation (3'), with
set to -0.5. The results obtained by following tygroach are reported in Tables 7a-7d.

The choice of a fixeg = -0.5 comes from the analysis of the resultsiobthby a double-grid
search on the unknowg and o parameters of the CES specification, equation(§&¢ Bontempi
and Mairesse, 2008). Once values #? and /% (i.e. minimising residual sum of squares) are
available, we used Gauss-Newton regressions tonostiandard errors gh and p parameters. The
Gauss-Newton regression is derived from a firseordaylor-series approximation around the

obtained valueg® and/®:

(A3a) eq = a*; + b*y + (W Dl + (A* 1 -0)(tc®O-1i) + ¢*d_g + o*d_po¢ + ucy

% Alternatively, we also run a procedure implementine second-order Taylor-series approximatiortfernon-linear
term of equation (2"), without any substantial desin the results. The initial value Jfparameter is the same as
above, while the iterated estimation procedurepiglied to the equatiofg-)i= a; + by + (1)l + A1) +
A(ZD-¢ M) 2O, - 1) (A AN EM)2 + gay . where(p®™)?, is measured by the squared deviatiopdf; from

its sample median. If both the parameters assaciatth p*™ and (p<*™)? regressors are not significantly different

from zero,d™™ and " estimates do not statistically different, and thiue is the estimate.
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whereeg; is the residual of (3') estimated by settingnd p parameters equal to the values found
by the double grid-search; ¢: andd_g: are the derivatives of equation (3') with resgeagp and
o, anduc, is a zero-mean error term with variance varyindity i and over time.?’

The double-grid search gh and ¢, parameters with fixegh = -0.5 together with the Gauss-
Newton regression (that gives standard errorg,0find ¢, estimates), is the approach used to

estimate the production function, with CES captad different types of intangibles, see Section 5.

Appendix A2: Data
A2.1. Cleaning rules and sample descriptive statistics
From CADS full database, we pre-selected limitedility manufacturing companies (about

35% of the total CADS data-set) complying with lbasiccounting standards and possessing

information about the variables in question (208,58servations for 22,387 companies). We then

defined our cleaned sample (94,968 observationslfg254 firms) according to the following

criteria (see Hall and Mairesse, 1995).

a) We dropped observations where value added, labmsis,cproduction and intermediate costs
were zero or negative (1.0% of our initial sampWe considered as unreliable the accounting
data associated with such irregular outcomes amdhis reason, we preferred to drop them, rather
than shifting the values without deleting obseiwatgi (note also that the share of such firms-year
in our sample is quite low}. Observations with total tangible asses,equal to zero were also
removed (4.7% of total observations). Though tharestthis time is a bit higher than above, we

preferred again to drop the firm-year observatifsam the sample because when tangible assets

" Note that the joint use of grid searches with GeMewton regressions lead to the same standardseasothose
obtained with the iterative procedure, and the fagehts estimates are extremely close, differimgycat the sixth
decimal point.

% As suggested by a referee, if that share wereehititan a mere 1%, the option of shifting valuesildave been
more appealing.

34



were zero, almost always the same firm in that yeported zero total assets, corroborating the
idea of unreliable accounting information.

b) It is well known that in Italy small firms (e.g. thiless than 20 workers) are quite common.
Therefore, in order to preserve the representats®mof our sample while maintaining the
meaningfulness of accounting data, we removed thdyobservations regarding firms with less
than 5 workers in the year they enter the sampB24®f total observations), while in the literature
researchers usually base their empirical analysesompanies with more than 20 (sometimes
even more than 50) workers. Again, it is worth ngtthe small portion of sample that has been
dropped by this rule. In addition, this cleaninterdoes not drop observations of firms which enter
in the sample with more than 5 workers and thatafeeason or another, go below that threshold
while they are in the sample.

c) Observations for which value added per worker, itdlagcapital stock per worker and
intangible capital stock per worker lay outside thage mediarx three times the inter-quartile
range were removed (5.6% of total observations).

d) Observations for which the growth rate of valueeatithy outside the [-90%, +300%] range,
for which the growth rates of employees, of tangjibhpital and of intangible capital lay outside
the [-50%, +200%] range were removed (16.5% of tdiaervations).

e) We also removed those observations for which themaé labour cost’s share of saleg ahd
t+1, and the mean of intermediate costs’ share ofssteandt+1, were lower than the™quartile
of the corresponding per-industry Toérngvist indicator greater than 1 (1.5% of total
observations).

f)  Given that previous selection criteria createdhfartgaps in the time series within firm, we
selected only those companies with data availaief least 4 consecutive years, and we chose
the longest or the most recent sub-period if aarigption in the temporal pattern was present

(37.1% of total observations were dropped).
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Overall, 46% of total observations were excludads percentage is lower than the sum of the
exclusions by the selection rules from a) to f).686 of total observations), because some annual
company data are wrong at the same time accordiagveral criteria.

Table Al illustrates the composition of our cleansample by industry and by size.
Manufacturing industries are listed according tirtiglobal technological intensity (ISIC Revision
2, see Hatzichronoglou, 1997), using the 4-digiustry code. Note the low size of the HT macro-
industry compared to that of the others.

TableAl here

Our data mirror the nature of Italian industryidgrthe 1982-1999 period: only 0.51% of our
firms were listed on the stock exchange (companed.13% of Italian manufacturing companies
listed on the Stock Exchange in 1995); 22.23% ofganies belonged to a business group (mainly
of a pyramidal nature); there is a large numbemeéll and medium-sized firms (the average Italian
limited liability company employs 44 workers, whitee average number of employees in our

sample is 132, and 47.28% of our companies haverfdvan 50 employees).

A2.2. Thelist of labels and definitions of the variables

» cis the logarithm of the total tangible stoeE),(computed at the beginning of the year at net
book values. Total tangibles are defined%erBS‘ , r = bui, pla, equ i.e. as the sum of
buildings, plant and equipment. Tangibles at reptaent cost,CR are estimated from the
corresponding gross investments (new purchases grodisinvestments), ', according to the
formula CR, =(1-3")CR_, +1!,, where: r indicates the tangible categorie®’ is the
depreciation rate, taken to be equal to 5% fordmugis, and to 11% for plant and equipment (by-
industry averages from the National Accounts (NA)STAT. The assets at book values are used
as starting values.

» kis the logarithm of total intangible stocK)( computed at the beginning of year at net book

values. Total intangibles may be defined Hs = IBS + ICA = IK + CK, where:
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IBS = Zj IBS' (with j=rd, pat, mark represents capitalised intangibles reported énkthlance

sheetsid is applied R&D;patis patentsmarkis trademarks and brandsiCA = zh ICA" (with h

= rd, pat, ady represents intangibles expensed in the currerdusts (d now indicates basic

R&D; patis patent-royaltiesadvis advertising);IK = Zi IBS' +> ICA" (withj, h = rd, pa)
represents intellectual capitalK = Zj IBS' +ZhICAh (with j = mark andh = ad\) represents

customer capital. Intangible capital stocks comgiiitem expensed intangible costs derive from

the permanent inventory method (PIM) formu@A! =(1-5)ICA", + DE;,, where: & is the

depreciation rate, taken to be equal to 30@A; = DE}/(5 + ) is the initial value of the stock;

is the pre-sample growth rate, taken to be equa%o h indicates the category of intangible
expenses. Note that the effect of the initial valisappears as time goes by. Intangible assets at

replacement cost$BSR are estimated from the corresponding gross invests (new purchases

gross of disinvestments))), by using the formuldBSR = (L-8)IBSR , + 1. ,where:j indicates

the intangible categories] is the depreciation rate, taken to be equal to 38% the expenses
capitalising case. The assets at book values ackassstarting values.
> | is the logarithm of the number of employees?
» @is the logarithms of value adde@)(
» WL indicates labour costs (wages, social securityritrtions and various other provisions).
Nominal variables were transformed into real ter@sar chosen deflators were: the value-

added deflator foQQ and WL; the investment-in-buildings deflator faBS"; the investment-in-

% The reporting rule for the number of employeesnges according to the accounting scheme: the nurber
employees at the end of the accounting year duhiegl982-1991 period; the average number of worarsg the
accounting year since 1992, when the IV Europeaediive was due to be applied. Despite the fadtdhly 29% of
all observations were made under the IV Europeaaddie , the average number of workers is alsdaba for the
20% of observations covering the 1982-1991 perisdich more or less coincides with the number of leyges
reported by the firms at the end of the accountiear). Hence, we measure the number of workerbasverage
during the accounting year when this informatiomvsilable (in 42% of all cases); otherwise, we theenumber of

employees reported by the firms at the end of toewanting year (in the remaining 58% of cases).
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machinery-transport-equipment-and-other-tangibleslatbr for TBS?® and TBS™ the GDP

deflator for all the intangible stocks includedtie definition ofik®.
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Table 1- Production function parameters

Functional Returnsto Elasticity  Returnsto Substitution Distribution Elasticity Elasticity Mar ginal
form scaletoall of output  scaleto parameter parameter of output of output productivity of
inputs with capital for capital for capital with with intangibles over
respectto inputs inputs inputs respect to respect to that of tangibles
labour tangibles intangibles (MRTYS)
U B A p @ a y ¢
Multiplicative =M ; A=a+y =0 @ -7 a y ¢ _| >
(1) o o\ K
Additive _ _, C _ - K
= A+ =+ =-1 = = —iC
@ peh b ary = CHK AT ¢
- _ +1
CES C/’ K p C P
=A+ A=a+ SA— —Ap———— = —
@ EMB B aty  p ¢ i T ST
Notes

(1) Multiplicative capital specificatior@=A; B L% C% K% ™t
(2) Additive capital specificatior@=A; B, L?; (Ci+ {Ky)' €™t
(3) CES capital specification: Qu=A; B L% (C¥ + ¢ KP)™?'?
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Table 2- Definition of tangible capital (C) and intangible capital (K = IBS+ICA = IK+CK)
accor ding to financing reports (balance sheets and current accounts)

PANEL A: Tangible assets

categories Tangible assets: C Tangible assets: C Not considered Not conddered Tangibleassets: C |
(T1) TBS™ : Lands and buildings. (T5) TBS™ + TBS™ + TBS® Other
(T2) TBS": Plant and machinery. tangibles  (mainly  divested, fully
(T3) and (T4)TBS™™ : Equipment, depreciated or no longer utilised) plus
furniture and hardware. incomplete tangibles (mainly under
construction or being purchased) plus
leased tangibles (for building societies).
PANEL B: Intangible categories Intellectual capital: IK Customer capital: CK Not considered
(12) I1BS™ : Applied research andl4) IBS™* : Trademarks and similafl1l) IBS®®": Formation-expansion-start-up
development costs; advertising cogtights, public concessions and licences. expenses - not considered.
functional and essential to the start-up (15) IBS®°: Goodwill - not considered.
phase. t (16) Assets being evaluated and payments
H . at . H
Intangible assets: IBS (13) IBSP : Purchased patents, intellectual on accounts - reallocated to (I1)-(I5)
property rights and applied software

(included unlimited licences to use the said categories.

software). Internally developed patents, (17) 1BS™ : Others, largely deferred

intellectual property rights, software financial charges - not considered
(protected by law). '

(18) ICA™ computed from DE™ : Basic (19) ICA** computed from DE™" :
R&D, and applied R&D not complyingAdvertising not related to (I11), but
with recognition-as-an-asset criteria. operative and recurrent.

(110) ICAP* computed from DEP* :

Patents, intellectual property rights and

software purchased subject to a limited

user’s licence obtained against payment of

regular fees, or obtained free of charge, or

not complying with recognition-as-an-asset

criteria.

Intangible capital estimated from
expensed costs: ICA

Notes:C:Z TBS , r=bui, pla, equis tangible capitalK = IK+CK = IBS+ICA is total intangible stockiK= Z IBS! +Zh ICA", j, h=rd, patis intellectual capitalCK= IBS' + ICA",

r ]

j=mark, h=advis customer capital;BSzz_ IBS! , j=rd, pat, markis intangible assets reported in the balance shi€x= Zh ICA", h=rd, pat, advis intangible capital estimated by capitalising
]

intangible expenditures reported in the currenbants. See Appendix A.2.2. for details.
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Table 3- Magnitude of different forms of intangible capital compared to total tangible capital:
simple and weighted aver ages, and median (in %)

Intellectual capital Customer capital Total
IK/C CK/C
() (@) (©) () (@) (©), () (@) (©)

Intancible < Average 5.22 6.13 4.44 2.56 2.58 1.85 7.78 8.71 6.30
IBS/Cg ' Weighted average 3.48 4.12 3.35 1.84 1.34 1.09 5.32 5.46 4.44

Median [0.44] [0.69] [0.54] [0.06] [0.12] [0.10] [0.69] [1.04] [0.82]
Qiﬁggefmtg( s AVerage 5.53 5.53 3.80 19.32 19.32 14.05 24.85 24.85 17.84
cogts P Weighted average 1.88 1.88 1.53 7.18 7.18 5.83 9.05 9.05 7.36
Ic A/C Median [0.00] [0.00] [0.00] [0.45] [0.45] [0.36] [0.72] [0.72] [0.58]
Total Average 10.75 11.66 8.24 21.88 21.91 15.90 32.63 33.56 24.14

Weighted average 5.36 5.99 4.87 9.02 8.51 6.92

Median [0.64] [0.90] [0.71] [1.36] [1.49] [1.18]

Notes:Total SampleNT= 94988 K=IK+IC=IBS+ICA ; see Table 2 for definitions.

In columns (1) intangibles capitalised from expesng€A) are at replacement values; intangibles as$BS @nd tangible asset€) are at book values. In columns (2), both

intangibles capitalised from expenses and intapgisksetsICA andIBS respectively) are estimated at replacement valubi#e tangibles €) are at book values. In columns (3),

intangibles capitalised from expens&34), intangible assetdBS) and tangible asset€) are estimated at replacement values. All thekstace measured at the beginning of the

year and in millions of Italian Lire at 1995 pric&ee Appendix A2.2. for detalils.

Inside each cell: the estimates reported in thst &ind third rows are the simple averages and media squared brackets) of the sample distributibthe firm’s ratios of the

different forms of intangible capital to total tallg capital. The averages reported in the secomdare weighted by tangible capital (i.e. they emenputed as the ratio of the
average values of the different forms of intangitdeital to the average value of tangible capital).
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Table 4- Magnitude of different forms of intangible capital compared to total intangible capital:
simple and weighted aver ages, and median (in %)

Intellectual capital: Customer capital: Total
IK/IK CK/K

. . Average 37.01 11.07 48.08
:gg’llg'b'eam' Weighted average 24.20 12.83 37.03
Median [19.96] [2.47] [36.03]

Intangible capital

! Average 5.68 46.25 51.92
g;:sltr:_ated from expensed Weighted average 13.05 62.97 62.97
ICA/K Median [0.00] [44.65] [63.97]

Average 42.69 57.31 100

Total Weighted average 37.26 62.74 100
Median [34.48] [65.52] [100]

Notes Total SampleNT= 94988.K=IK+IC=IBS+ICA ; K = total intangible stockiK = intellectual capitalCK customer capitalilBS = intangible assetdCA = intangible assets
estimated from expensed costs; see Table 2 fonitlefis. Intangibles capitalised from expend@A] are at replacement values, and intangibles a@&Ssare at book values, as
in columns (1) of Table 3. All the stocks are meaduat the beginning of the year and in milliongtafian Lire at 1995 prices.

Inside each cell: the estimates reported in tts¢ &ind third rows are the simple averages and media squared brackets) of the sample distributibthe intangible categories
over total intangibles. The averages reported énsicond row are weighted by total intangible ehgite. they are computed as the ratio of the ayervalues of intangible
categories to the average value of total intang)ble

44



Table 5- Occurrence and relative magnitude of intangible capital for different samples

Total sample and sub-samples

Averages of intangible to tangible (C) ratios (% values)

NT N T K IK CK IBS ICA
Full sample
Total 94968 14254 6.66 32.63 10.75 21.88 7.78 24.85
HT+MHT 28196 4327 6.52 38.91 14.35 24.55 12.24 26.6
MLT 28543 4408 6.48 13.46 3.9 9.56 3.25 10.21
LT 38229 5778 6.62 42.31 13.2 29.11 7.87 34.44
K never zero
Total 78481 11528 6.81 38.92 12.73 26.19 9.11 29.81
HT+MHT 23929 3608 6.63 45.01 16.41 28.6 13.89 31.12
MLT 23378 3528  6.63 16.22 4.67 11.55 3.86 12.36
LT 31174 4606  6.77 51.27 15.96 35.32 9.39 41.88
Both IK and CK never zero
Total 50317 7646  6.58 46.69 17.11 29.58 11.71 34.98
HT+MHT 16028 2461 6.51 53.63 20.41 33.22 17.14 86.4
MLT 14495 2267  6.39 17.95 6.19 11.76 4.77 13.19
LT 19794 3003  6.59 62.12 22.43 39.69 12.39 49.73
Both IBS and ICA never zero
Total 27483 4028 6.82 63.87 194 44.47 14.15 49.72
HT+MHT 9074 1354  6.70 69.21 22.32 46.89 16.68 52.53
MLT 7295 1109 6.58 27.46 8 19.47 5.56 21.9
LT 11114 1624 6.84 83.41 245 58.91 17.72 65.69
IK never zero (and CK zero)
Total 1446 299 4.84 11.73 11.73 0 8.99 274
HT+MHT 493 104 4.74 23.17 23.17 0 17.05 6.11
MLT 495 104 4.76 5.64 5.64 0 5.55 0.09
LT 458 99 4.63 6.01 6.01 0 4.04 1.97
CKnever zero (and IK zero)
Total 3573 643 5.56 234 0 234 2.83 20.56
HT+MHT 829 152 5.45 20.83 0 20.83 3.87 16.96
MLT 1055 188 5.61 13.78 0 13.78 0.81 12.97
LT 1689 311 5.43 30.66 0 30.66 3.59 27.07
IBS never zero (and ICA zero)
Total 21656 3759 5.76 10.65 7.85 2.8 10.65 0
HT+MHT 7007 1232 5.69 18.88 15.2 3.69 18.88 0
MLT 6782 1199 5.66 5.09 3.88 1.2 5.09 0
LT 7867 1377 5.71 8.1 4.72 3.38 8.1 0
ICA never zero (and IBS zero)
Total 3211 564 5.69 25.44 2.87 2257 0 25.44
HT+MHT 752 136 5.53 27.53 8.22 19.31 0 27.53
MLT 1019 174 5.86 12.79 1.11 11.68 0 12.79
LT 1440 261 5.52 33.3 1.32 31.97 0 33.3

Notes NT = total number of observationd] = total number of firmsT =
K=IK+IC=IBS+ICA ; K = total intangible stockiK = intellectual capitalCK customer capitalBS =intangible assets;
ICA = intangibles capitalised from expenditures; see g &bfor the definitions. Intangibles capitalisednfr expenses
(ICA) are at replacement values, and intangible angilibnassetsIBS andC) are at book values, as in columns (1) of
Table 3. All the stocks are measured at the beginof the year and in millions of Italian Lire 8895 prices. The "Full
sample" Total row shows the same results as thos€able 3, so as to facilitate comparison. Detailsfirms’
classification according to their global technotmdiintensity at the 4-digit level are given in Agplix A2.1.
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Table 6- Descriptive statisticsfor main variables

1¥Q Median 3°Q Mean SD IQR % variability
Between Within

Levels

LW 290 52.0 1050 131.8 737.7 75.95 99.0% 1.0%
Q/LM 53.0 702 943 791 411 41.28 76.9% 13.1%
c/L? 228 428 764 627 728 53.69 88.5% 11.5%
K/LZ 0.3 1.7 6.0 7.9 28.7 5.67 88.5% 11.5%
WL / Qsharé® 51.3% 63.5% 75.0% 64.5% 26.6% 23.74%52.4% 47 .6%
K / Cratio*? 0.7% 3.8% 16.5% 32.6% 266.5%5.92% 88.7% 11.3%
IK / C ratio™? 0.0% 0.6% 3.5% 10.8% 122.298.51%  89.2% 10.8%
CK / Cratio®® 0.1% 14% 93% 21.9% 183.099.17%  83.4% 16.6%
IBS / Cratio? 0.0% 0.7% 3.4% 7.8% 151.098.37% 93.6% 6.4%
ICA / Cratio® 0.0% 0.7% 9.4% 249% 176.099.31%  80.0% 20.0%
Growth rates (%)

LW -4.0 0.0 6.3 2.2 15.8 10.25 23.0% 76.5%
Q/L? -8.2 2.8 14.7 5.3 26.7 2293 13.7% 88.5%
c/L? -13.6  -3.2 12.8 4.0 31.6 26.44 18.4% 79.8%
K/LZ -30.5 -104 159 0.6 44.4  46.54 29.3% 70.1%
WL / Qsharé® 7.7 0.8 10.3 3.7 289 17.94 22.3% 77.1%
K / Cratio*? -29.4 -10.1 193 1.7 479  48.70 28.6% 70.6%
IK / C ratio™ -35.6 -13.1 253 91.33 3795.560.97 33.3% 76.7%
CK / Cratio®® -315 -145 16.8 30.2 1952.048.29 9.9% 90.0%
IBS / Cratio -36.3 -11.1 286 65.6 1142.464.89 26.3% 73.7%
ICA / Cratio® 327 206 111 0.5 2580 4384 22.0% 87.9%

Notes L = number of employeeq = value addedC = total tangible stockVL = labour costK=IK+IC=IBS+ICA ; K

= total intangible stockiK = intellectual capitalCK customer capitalBS =intangible assetdCA = intangible assets
estimated from expenditures; see Table 2 for defims. Intangibles capitalised from expensk€sA] are estimated at
replacement values, and both intangible and taagibtetsIBS andC) are at book values, as in columns (1) of Table 3.
All the stocks are measured at the beginning of/dze.

Decomposition of variability is between firm andtin firm and year (as obtained in a two-way fixeffects model).
All the level-statistics are computed dii=94,968 (total number of observationkl;14,254 (total number of firms),
T =6.7 (average number of years): zeros in intangibfgtal stocks are included in the computatiorov@h rates are
calculated as the first differences of logarith&en only the first year of each firm is lost, ad.j Q/L, , C/L, and
WL/Q share cases, we haid=80,714,N=14,254 andT =5.7. Growth rates of intangibles are affected tgreater
extent by the presence of zerd&=70,567,N=12,748 andT =5.5 forK/L andK/C ratios;NT=67,446,N=12,232 and
T =5.5 for CK/C ratio; NT=60,535,N=11,775 andT =5.1 forIK/C ratio; NT=60,201,N=11,919 andT =5.1 forI|BS/C
ratio; NT=48,339,N=8,034 andT =6.0 forICA/C ratio.

M The number of employees is the average number okes® during the accounting year when this inforomais
available (42% of total observations); when it ¢ available, we use the number of employees regdy the firms at
the end of the accounting year (58% of total olet@zms). When both definitions are available (20%tatal
observations) the difference is usually small.

2 In millions of Italian Lire at 1995 prices.

Bl Shares are computed by using variables at cupreses.
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Table 7 a- Pooled estimates of they and { parameters

Marginal productivity of intangibles ove
that of tangibles

oLS
(NT=66953)

No constant returnsto scale:

Multiplicative
Additive™

CES (p=-0.52
Total factor producti

Multiplicative
Additive™

CES p=-0.52

Elasticity of output with respect to
intangible capital
¥(Q1) y(med) ¥(Q3)
0.025 0.025 0.025
(0.001) (0.001) (0.001)
0.004 0.013 0.038
(0.000) (0.001) (0.002)
0.014 0.025 0.041
(0.001) (0.001) (0.002)
vity:m
0.070 0.070 0.070
(0.001) (0.001) (0.001)
0.009 0.030 0.087
(0.000) (0.001) (0.002)
0.035 0.062 0.101
(0.001) (0.001) (0.002)

QD) {(med) Q3
0.875 3.097 11.422
(0.034) (0.120) (0.442)
1.365 1.365 1.365
(0.063) (0.063) (0.063)
1.480 2.783 5.345
(0.053) (0.099) (0.190)
1.052 3.722 13.729
(0.017) (0.060) (0.219)
1.395 1.395 1.395
(0.031) (0.031) (0.031)
1.693 3.184 6.115
(0.026) (0.049) (0.095)

Table 7 b- First-differences estimates of yand { parameters

Marginal productivity of intangibles ove
that of tangibles

First-differences
(NT=55425)

No constant returnsto scale:

Multiplicative
Additive™

CES (p=-0.52
Total factor producti

Multiplicative
Additivel!

CES (p=-0.52

Elasticity of output with respect to
intangible capital
y(Q1) y(med) Y(Q3)
0.012 0.012 0.012
(0.003) (0.003) (0.003)
0.001 0.003 0.009
(0.000) (0.001) (0.003)
0.005 0.009 0.015
(0.001) (0.003) (0.004)
vity:m
0.101 0.101 0.101
(0.003) (0.003) (0.003)
0.012 0.040 0112
(0.001) (0.002) (0.006)
0.049 0.084 0.131
(0.002) (0.003) (0.005)

Q) {(med) Q3
0.752 2.661 9.815
(0.185) (0.653) (2.408)
0.536 0.536 0.536
(0.180) (0.180) (0.180)
1.013 1.906 3.661
(0.263) (0.495) (0.952)
1.686 5.964 21.997,
(0.059) (0.208) (0.768)
1.951 1.951 1.951
(0.100) (0.100) (0.100)
2.472 4.650 8.929
(0.101) (0.190) (0.365)
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Table 7 c- Within estimates of yand { parameters

Elasticity of output with respect to Marginal productivity of intangibles ove
intangible capital that of tangibles
Within
(NT=66053) ¥QD  y(med) ¥(Q3) QY Ymed) 2(Q3)
No constant returnsto scale:
Multiplicative 0.008 0.008 0.008 0.400 1.414 5.214
(0.002) (0.002) (0.002) (0.101) (0.357) (1.316)
Additivel 0.001 0.003 0.010 0.467 0.467 0.467
(0.000) (0.001) (0.002) (0.104) (0.104) (0.104)
CES p=-0 5)[2] 0.005 0.008 0.015 0.744 1.400 2.688
: (0.001) (0.002) (0.003) (0.140) (0.262) (0.504)
Total factor productivity:m
Multiplicative 0.071 0.071 0.071 1.062 3.757 13.856
(0.002) (0.002) (0.002) (0.036) (0.127) (0.467)
Additivel 0.005 0.018 0.056 0.810 0.810 0.810
(0.000) (0.001) (0.003) (0.042) (0.042) (0.042)
CES p= _0.5)[2] 0.029 0.052 0.087 1.381 2.598 4.989
(0.001) (0.002) (0.003) (0.054) (0.102) (0.196)

Table 7 d- Five-year-differences estimates of yand { parameters

Elasticity of output with respect to Marginal productivity of intangibles ove
intangible capital that of tangibles
Five-year-
differences ¥(Q1) y(med) ¥(Q3) Q1 {(med) {(Q3)
(NT=5518)

No constant returnsto scale:
Multiplicative 0.009 0.009 0.009 0.413 1.461 5.388
P (0.005) (0.005) (0.005) (0.223) (0.790) (2.915)
Additivel 0.001 0.003 0.011 0.504 0.504 0.504
v (0.000) (0.002) (0.005) (0.226) (0.226) (0.226)
CES (p=-0 5)[2] 0.005 0.009 0.016 0.748 1.407 2.701
- (0.002) (0.004) (0.007) (0.300) (0.564) (1.084)

Total factor productivity:[a]
Multiolicative 0.064 0.064 0.064 0.944 3.339 12.314
P (0.005) (0.005) (0.005) (0.084) (0.298) (1.098)
Additivel 0.004 0.015 0.048 0.672 0.672 0.672
v (0.001) (0.002) (0.007) (0.093) (0.093) (0.093)
CES p=-0.5/2 0.025 0.046 0.078 1.194 2.247 4314
e (0.003) (0.005) (0.008) (0.120) (0.226) (0.434)

Notes

OLS estimates include industry and temporal dummidsin, first-differences and five year-differeaginclude
individual and temporal effects. Robust standardrsrare shown in brackets.

[ Estimates of the production function with additbapital are obtained by an iterative procedura first-order
Taylor-series approximation around an initial vafifé The starting valué® is selected by a grid search on the
Parameter (see Appendix Al).

2 Estimates of the production function with CES talpare obtained by an iterative procedure on si-éirder
Taylor-series approximation around an initial vaif with a fixed p equal to -0.5. The starting valyg” is
selected by a grid search on ghearameter fixingo equal to -0.5 (see Appendix Al).

B! simed=0.633s the sample median of labour cost’s share afevabded.
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Table 8 a- yand { estimatesfor intellectual capital (IK) and for customer capital (CK).
CES capital™, total factor productivity.?

Elasticity of output with respect Marginal productivity of the two types of intangibl
to the two types of intangible capital over that of tangibles
Intellectual capital Customer capital Intellectual capital Customer capital
IK CK IK CK
Type of
estimates ¥(Q1) y(med) ¥(Q3) y(Q1) v(med) ¥(Q3)| Z(Q1) g(med) (Q3) Q1) g(med) ZQ3)| MSE
oLsS 0.016 0.029 0.049 0.010 0.024 0.050] 2.709 5.053 9.637 1.316 3.044 7.694 0.3982
(NT=44096) | (0.001) (0.001) (0.002) (0.000) (0.001) (0.001)] (0.094) (0.175) (0.333) (0.038) (0.087) (0.221)|
giifrfsetr-ences 0.017 0.030 0.051 0.018 0.042 0.080] 3.083 5.760 11.004 2.368 5.390 13.472 0.2334
(NT=36166) (0.001) (0.002) (0.003) (0.001) (0.003) (0.005)] (0.209) (0.391) (0.747) (0.148) (0.337) (0.842)|
Within 0.011 0.021 0.035 0.013 0.030 0.061] 1.935 3.609 6.884 1579 3.652 9.233 0.1948
(NT=44096) | (0.001) (0.001) (0.002) (0.001) (0.002) (0.003)] (0.124) (0.249) (0.475) (0.086) (0.199) (0.504)|
S'ézyeﬁ; 0.011 0.020 0.035 0013 0.029 0.056] 1.993 3.726 7.011 1739 3.708 8.685| .o
(II\IT:3 452) (0.002) (0.004) (0.006) (0.002) (0.004) (0.008)] (0.355) (0.664) (1.249) (0.237) (0.506) (1.186)|
Table 8 b- yand { estimates for intangible assets (IBS) and for intangible capital
estimated from expensed costs (ICA).
CES capital™, total factor productivity.?
Elasticity of output with respect Marginal productivity of the two types of intangibl
to the two types of intangible capital over that of tangibles
Intangible assets Intangible capital Intangible assets Intangible capital
estimated from estimated from
expensed costs expensed costs
IBS ICA IBS ICA
Type of
o tes | YQD ymed) ¥Q3  vQD vimed) yQ3I| QD) IUmed) 2Q3 QY I(med) Q3| MsE
oLsS 0.015 0.026 0.043 0.035 0.063 0.103] 2.682 5.007 9.341 1412 2720 5.451 0.3839
(NT=24395) | (0.001) (0.001) (0.002) (0.001) (0.002) (0.003)] (0.147) (0.274) (0.511) (0.037) (0.072) (0.144)|
giifrfsér_encs 0.012 0.022 0.036 0.039 0.070 0.112] 2.295 4.264 7.971 1.617 3.125 6.259 0.2350
(NT=20184) (0.001) (0.002) (0.004) (0.003) (0.005) (0.008)] (0.230) (0.427) (0.797) (0.115) (0.223) (0.446)|
Within 0.011 0.020 0.033 0.028 0.051 0.086] 1916 3.576 6.672 1.059 2.040 4.088 0.1988
(NT=24395) | (0.001) (0.002) (0.003) (0.002) (0.003) (0.005)] (0.167) (0.312) (0.583) (0.065) (0.125) (0.251)|
S:X‘Zye?]ires 0.013 0.021 0.036 0.018 0.035 0.062] 1.877 3.503 6.206 1092 2133 4551 .o
(NT=2026) (0.003) (0.005) (0.008) (0.003) (0.006) (0.011)] (0.433) (0.807) (1.431) (0.187) (0.366) (0.781)|
Notes

OLS estimates include industry and temporal dummigthin, first-differences and five-year-differezs include

individual and temporal effects. Robust standardrsrare shown in brackets.
[ Estimates of the production function with CES talpare obtained using a grid search on ¢heand ¢,
parameters by settingequal to -0.5. Standard errors of #eand @, parameters are obtained by using the Gauss-
Newton regression derived by a first-order Tayleries approximation around the minimum residual 6fm

squares estimates of tiie and @, parameters (see Appendix Al); =0.4 andg, =0.5 in Table 8a ang; =0.5 and

[¢2 =0.6 in Table 8b.

' simed=0.63&ndsImed=0.633are the sample medians of labour costs’ sharalagvadded in parts a and b of

Table 8, respectively.
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Table 8 c- yand  estimatesfor intellectual capital (IK) and for customer capital (CK).
CES capital, total factor productivity.” Sub-samples

Elasticity of output with respect to the two typés| Marginal productivity of the two types of intangibl
intangible capital over that of tangibles
Intellectual capital IK Customer capital CK | Intellectual capital IK Customer capital CK
Samples® ¥(Q1) y(med)  ¥(Q3) ¥(Q1) y(med) ¥(Q3)| Z(Q1) g(med) (Q3) Q1) g(med) Z(Q3)| MSE
Table 8a 0.011 0.021 0.035 0.013 0.030 0.061] 1.935 3.609 6.884 1.579 3.652 9.233| 0.1948
(NT=44096) | 0.001 0.001 0.002 0.001 0.002 0.003| 0.124 0.249 0.475 0.086 0.199 0.504
Man.+Ser. | 0.011 0.02 0.034 0.000 0.006 0.017| 1.189 2201 4.055 2.664 6.384 15.875| 0.2307
(NT=18400) | 0.002 0.004 0.008 0.000 0.001 0.004| 0.26 0481 0.885 0.628 1506 3.744
4 lower lower lower| lower lower lower higher higher higher
R&D ext. 0.018 0.031 0.057 0.000 0.009 0.027| 2.137 4.168 7.433 3.903 8.981 21.997| 0.2390
(NT=2229) 0.008 0.013 0.024 0.000 0.004 0.012| 0.906 1.768 3.153 1.717 3.951 9.676
“| higher higher higher higher higher| higher higher higher
R&D out. 0.032 0.058 0.103 0.000 0.008 0.026| 3.253 6.413 12.779 2.813 8.153 18.515 0.2526
(NT=819) 0.016 0.03 0.053 0.000 0.006 0.021] 1.678 3.309 6.593 2.248 6.516 14.798
M1 higher higher higher higher higher higher
R&D per. 0.009 0.016 0.028 0.000 0.008 0.024| 0.919 1.717 3.028 2.268 5.616 15.914| 0.2412
(NT=1392) 0.006 0.01 0.018 0.000 0.003 0.010| 0.576 1.076 1.898 0.958 2.372 6.721
Notes

Within estimates include individual and tempordéefs. Robust standard errors are shown in brackets
[ Estimates of the production function with CES talpare obtained using a grid search on ¢heand ¢,

parameters by settingequal to -0.5. Standard errors of #eand @, parameters are obtained by using the Gauss-

Newton regression derived by a first-order Tayleries approximation around the minimum residual afm
squares estimates of tiie and ¢, parameters (see Appendix Al).

2" Along the rowssimed=0.638 simed=0.684 simed=0.668 simed=0.641 and simed=0.659are the sample
medians of labour costs’ share of value added.

Bl'sample definitions:

Table 8a: same estimates of Table 8a for manufagtuwompanies, 1982-1999 period, zero intangibkses
dropped, book values for capital inputs, CADS dgts;0.5 andg, =0.6.

Man. + Ser.: manufacturing and service firms, 12840 period, zero intangibles cases captured byifgpe
dummies, replacement values for capital inputscimat CADS and SIM datag; =0.4 andg, =0.5.

R&D ext.: firms that used the support functionsdid telecommunications, engineering and design,RSid
and related services performed by outsourcersptbeider is another firm, such as non-group firiteljan and
foreign universities and research centrgg)0.7 andg, =0.8.

R&D out.: firms that outsourced the support funetido a company localized in another region ofyjtak in a
EU country (on 31-12-2003), or in other Europeanrntyy, or in China/India, or in USA/Canada, or e trest of
the world (the excluded case is that of being iaedlin the same region of Italyy; =1.2 andg, =0.7

R&D per.: companies that declared to have a noo-peimber of senior managers (included shareholoers
owners if they have a managerial role) and of junianagers assigned to R&D/planning functign=0.3 andg,
=0.5.

“ higher (lower) means significantly higher (lowet)6&b.

50



APPENDIX Tables

Table Al: Classification of observations by size and industry.

HT+MHT MLT LT Total
Numbers of employees
5-19 2511 (2.64%) 3600 (3.79%) 6130 (6.45%) 12241 (12.89%)
20-49 8641 (9.10%) 10635 (11.20%) 13384 (14.09%) 32660 (34.39%)
50-249 13376  (14.08%)12537 (13.20%) 16464 (17.34%) 42377 (44.62%)
=250 3668 (3.86%) 1771 (1.86%) 2251 (2.37%) 7690 (8.10%)
Total 28196  (29.69%) 28543 (30.06%) 38229 (40.25%) 94968 (100%)

Notes
Firms are classified along the rows according teirtiglobal technological intensity at the 4-digiesvel

(HT+MHT = high and medium-high intensity; MLT = miedh-low intensity; LT = low intensity). In particait:

High intensity industries (HT) are Aerospace, CotapuElectronics, Pharmaceutical; Medium-High isign
(MHT) industries are Scientific Instruments, Moteehicles, Electric machinery, Chemicals, Other pamt
equipment, Non-electric machinery; Medium-Low irdigy (MLT) industries are Rubber-plastic, Shipbuigli
Other manufacturing, Non-ferrous metal, Non-metatiineral, Fabricated metal, Petroleum, Ferrouainedtow
intensity (LT) industries are Paper-printing, Tée«tlothing, Food-tobacco, Wood.

Along the columns, firms are classified accordimghte number of employees.

The number of employees is the average number okem® employed during the accounting year when this
information is available (42% of total observatiprstherwise, we use the number of employees regdry the
firms at the end of the accounting year (58% oéltobservations). The difference between the twimidiens

(when both available, 20% of total observations)ssally small.
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