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This paper examines the responsiveness of firm productivity to investment in knowledge-based capital
(KBC) including a range of intangible assets such as research and development (R&D), intellectual
property assets, computer software, organizational, and branding capital. A dynamic econometric
model is estimated with micro-data from Ireland over the period 2006-2012. Ceteris paribus, the esti-
mated average elasticity of productivity with respect to investment in KBC per employee is 0.3. In
comparison to previous empirical studies, this paper goes beyond the representative firm approach and
accounts for the heterogeneous behavior of firms which differ by ownership, size, export participation,
and sector of activity. Further, the analysis finds that investing simultaneously in multiple KBC assets
has complementary as well as substitution effects on firm productivity, with different interdependence
patterns for specific investment combinations across groups of firms and sectors.
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1. INTRODUCTION

In recent years, there has been an increased focus on investment in
knowledge-based capital (KBC) as a source of innovation and productivity

Notes: This research was part of the joint Research Programme on “Enterprise Exporting,
Innovation and Productivity” undertaken by the Economic and Social Research Institute, Enterprise
Ireland and the Department of Jobs, Enterprise, and Innovation. The views expressed in this paper are
purely those of the authors. Results are based on analysis of strictly controlled Research Microdata
Files provided by the Central Statistics Office (CSO) of Ireland. The CSO does not take any responsi-
bility for the views expressed or the outputs generated from this research. We would like to thank
Gerard Doolan, Andrew Murray, Ben Berstock, and Alan Corcoran in the CSO for valuable support
with data access and clearance. We also thank an anonymous referee, Prasada Rao, the Editor, Marie
Bourke, Egidio Farina, Paul Gorecki, Elizabeth Harvey, Karen Hynes, Declan Hughes, Martina
Lawless, Kieran McQuinn, Garrett Murray, Niall O’Donnellan, Mary O’Mahony, Zuzanna Studnicka,
and participants at research presentations at the Economic and Social Research Institute in Dublin, the
Irish Economic Association Conference in Cork, the University of Michigan in Ann Arbor, the
European Investment Bank in Luxembourg, and the European Economic Association Conference in
Manchester for useful comments and discussions.

*Correspondence to: Mattia Di Ubaldo, University of Sussex Business School, Falmer, Brighton,
UK (M.Di-Ubaldo@sussex.ac.uk)

fResults are based on analysis of strictly controlled Research Microdata Files provided by the
Central Statistics Office (CSO). The CSO does not take any responsibility for the views expressed or the
outputs generated from this research.
© 2020 The Authors. Review of Income and Wealth published by John Wiley & Sons Ltd on behalf of
International Association for Research in Income and Wealth

This is an open access article under the terms of the Creative Commons Attribution License, which
permits use, distribution and reproduction in any medium, provided the original work is properly
cited.

363


mailto:﻿
mailto:M.Di-Ubaldo@sussex.ac.uk
http://creativecommons.org/licenses/by/4.0/

Review of Income and Wealth, Series 67, Number 2, June 2021

growth.! KBC comprises a broad range of intangible assets such as research and
development (R&D), computer software and datasets, organizational know-how,
firm-specific human capital, designs, and other intellectual property assets
(Andrews and De Serres, 2012). This approach has been driven by the rapid growth
of information and communication technologies (ICT) in the 1990s as a new gen-
eral-purpose technology and the need to undertake complementary investments
such as investment in skills and organizational change required to exploit the
opportunities that ICT offered.?

Measuring investment in KBC? and its impacts is challenging given the
non-physical nature of intangible assets. To overcome this challenge, several
methodological frameworks have been put forward. Among these, the mostly
used is the one proposed by Corrado et al. (2005, 2009) known as the CHS frame-
work. On the basis of the economic theory underpinning the optimal growth
literature (Weitzman, 1976; Hulten, 1979), the authors have formalized their view
that expenditures on a broad range of intangibles should be capitalized in com-
pany and National Accounts. Such expenditures have been grouped in three cat-
egories: (a) computerized information: knowledge codified in computer programs
and databases; (b) innovative property: R&D and intellectual property assets such
as patents, copyrights, designs, and trademarks; (c) economic competencies:
knowledge embodied in firm-specific training, organizational know-how, and
branding.

Using the CHS framework, recent research has helped to progress the quan-
tification of investment in KBC assets at the industry level and to assess its
contribution to productivity growth by exploiting growth accounting methodol-
ogies (Corrado et al., 2012, 2014, 2018; Dal Borgo et al., 2013; OECD, 2013;
Niebel et al., 2017). Evidence provided by Corrado et al. (2018) shows that over
the 2000-2013 period, investment in intangible capital contributed substantially
to labor productivity growth in several countries including the U.S. and EU.#
Corrado et al. (2017) go one-step further and uncover complementarities
between investing in ICT and other intangible capital assets. Further, they iden-
tify positive externalities from knowledge spillovers as a channel linking invest-
ment in KBC to productivity gains. Jona-Lasinio and Meliciani (2019) also use
the CHS framework in a multi-country analysis and find that investment in
intangible capital amplifies the productivity effect of participation in Global
Value Chains. Finally, Chen (2018) studies the contribution of intangible capital
to the international income differences. To be able to perform the analysis on a
large number of countries, this work adopts a narrower definition of intangibles
compared to the CHS framework, but finds that including intangible investment
as a factor of production allows to explain a larger fraction of the cross-country

1Recent international evidence is reviewed by OECD (2013) and Corrado et al. (2018).
2K arlsson et al. (2010) reviews the international evidence on the role of ICT as a new general pur-

pose technology and complementary investments needed to exploit the growth opportunities ICT offer.
3Throughout this paper we use the terms knowledge-based capital (KBC) and intangible assets
interchangeably. ) )
4Austria, Belglum, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary,
Ireland, Italy, the Netherlands, Portugal, Slovakia, Slovenia, Spain, Sweden, the United Kingdom.
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income variation, relative to analyses based on the traditional production fac-
tors only.

Firm-level evidence on the impact of investment in KBC on productivity is
more limited due to constraints imposed by data availability. Most firm-level anal-
yses have focused on the impact of R&D expenditures and more broadly innova-
tion expenditures on innovation and productivity growth.> A recent literature uses
a broader definition of intangible assets and considers aggregate intangible capital
as an additional input in a production function setting (Marrocu et al., 2012;
Battisti ez al., 2015). Chappell and Jafte (2018) link survey and administrative firm-
level data from New Zealand and examine the association between investment in
intangibles, firm characteristics, and a range of firm performance measures. They
find that higher investment in intangibles is associated with higher revenue but not
with the productivity. However, these contributions do not separate out the effect
of the various types of intangible assets on productivity. Disaggregating intangi-
bles by asset type is relevant given their different features and the interdependence
of their effects on productivity: so far, only a small number of studies distinguish
and quantify investment in specific KBC assets such as innovative property, com-
puterized information, and economic competencies.

To the best of our knowledge, previous firm-level analyses of the relationship
between productivity and investment in KBC using a production function frame-
work have estimated static models, have mostly focused on average effects across
firms, and have performed the analysis on data from large economies. Riley and
Robinson (2011) exploit employer-employee data from the UK and focus on spe-
cific intangibles embedded in knowledge workers.® They find a positive link
between KBC assets and productivity, with organizational capital having a greater
impact than R&D or IT capital. Crass and Peters (2014) examine the effects of
investment in a comprehensive range of intangibles in German firms and identify
R&D, branding, and firm-specific human capital as assets with strong productivi-
ty-enhancing effects. Furthermore, the authors provide evidence on the comple-
mentary effects from investment in R&D and the patent stock; investments in
innovative capital and firm-specific human capital; and for investments in innova-
tive capital and brand equity. Bontempi and Mairesse (2015), using data from
Italian firms, separate intangibles depending on their accounting treatment (capi-
talized intangibles versus intangibles measured from expenses) and their economic
nature (intellectual versus customer capital) and estimate that intangibles have a
higher marginal productivity than tangible capital, with intellectual capital yield-
ing higher returns than customer capital. Higon et al. (2017) estimate the effects of
investments in R&D, advertising and human capital on total factor productivity in
Spanish manufacturing firms. They find evidence of complementarities between
investments in R&D and advertising, and between investment in advertising and
human capital.

SRecent evidence is reviewed by Hall (2011), Brostrdm and Karlsson (2017) and Roth (2019).
®Organizational workers (managers and marketing related occupations) as a proxy for economic

competencies assets; R&D workers measuring innovative property assets; and IT workers measuring
computerized information assets.
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This paper uses a panel of annual firm-level data from Ireland over the period
2006-2012 and provides novel evidence on the relationship between productivity
and investment in R&D and in other knowledge-based assets such as copyrights,
patents, licenses, computer software, organizational, and branding capital. The
empirical analysis is underlined by a production function framework, more specif-
ically a Cobb-Douglas production function augmented with knowledge-based cap-
ital. Building on this theoretical framework, we make three contributions to the
literature. First, we model the relationship between productivity and investment in
KBC in a dynamic set up to account for productivity’s persistence and path-
dependency. Second, in contrast with the evidence from large economies discussed
above, we model the relationship between productivity and investment in KBC in
the context of a small open economy, Ireland, one of the most globalized econo-
mies in the world. The small open economy modelling set up differs from the one
of a large economy, which is relatively less open to trade, in that it accounts more
directly for the role of international trade and inward foreign direct investment in
the relationship between investment in KBC and productivity. This specific feature
is relevant given that openness to trade and foreign direct investment are likely to
impact on the returns to investment in KBC. Third, and related to the small open
economy set up, we relax the assumption of a homogeneous behavior of a repre-
sentative firm and allow the link between investment in KBC and productivity to
differ across sectors (manufacturing and services) and across different groups of
firms (domestic-owned and foreign-owned;’ small, medium-sized and large;
exporters and non-exporters).

Throughout the empirical analysis, in addition to aggregate investment in
KBC, we examine the marginal productivity of investments in specific KBC assets.
Furthermore, we analyze the complementarity/substitutability of multiple invest-
ments in specific KBC assets.

The key results indicate that on average, over and above other factors, invest-
ment in knowledge-based capital is positively linked to firm productivity: an
increase in investment in knowledge-based capital by ten per cent translates into a
three per cent productivity gain. There is considerable heterogeneity across intan-
gible assets of different nature and across firms with different characteristics. The
evidence shows that productivity is most sensitive to investment in R&D intan-
gibles assets in firms which are Irish-owned and operate in manufacturing sec-
tors; in contrast, in foreign-owned and services firms, productivity is most strongly
linked to investment in non-R&D intangible assets such as computer software and
organizational and branding capital. The analysis also finds that investing simul-
taneously in multiple intangible assets has complementary as well as substitution
effects on firm productivity, depending on specific investment combinations and
firm and sector characteristics. One key finding of this analysis is that investing
in R&D and IP assets enhances the productivity returns of investments in other
intangible assets.

The remainder of this paper is structured as follows. Section 2 discusses the
theoretical framework that underlies the empirical analysis. Section 3 describes the

"The analysis of the behavior and performance of foreign-owned firms relates to the activity of
these firms reported in Ireland.
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data, the firm level measures of KBC used in the analysis and some key character-
istics of the sample analyzed. Section 4 explains the econometric methodology and
Section 5 discusses the empirical results. Finally, section 6 summarizes the main
findings and discusses implications for the design of enterprise policies aiming to
foster productivity growth and competitiveness.

2. THEORETICAL FRAMEWORK

The initial point of departure for our empirical analysis is a theoretical frame-
work based on a Cobb-Douglas production function® augmented with knowl-
edge-based capital (K) following Griliches (1979, 1980, 1998) and Pakes and
Griliches (1984). We also add to the functional form human capital as in Lucas
(1988), Romer (1990), and Mankiw et al. (1992).

In this initial analytical set up, output at the firm level is a function of observ-
able production inputs (labor, physical capital, knowledge-based capital or intangi-
ble capital, and human capital) and an unobserved measure of efficiency assumed
to be factor-neutral:

(1) O =Ae* L C K H," e

Q,, is output (real value added) in firm i, at time 7. A is a constant and A, is
the unobserved time and firm-specific rate of disembodied technical change. L and
C are standard input factors, that is, labor and physical capital. K denotes knowl-
edge-based (intangible capital) and H represents human capital. a;,a,,a; ,a; are the
elasticities of output with respect to input factors.

The log-linear production function derived from equation (1) that can be eas-
ily estimated is as follows:

(2) du =g+ Ay +ayly +acci+apk; +ayhy +e;

The small letters in equation (2) denote the respective log values of output and
production inputs in firm 7 at time . a, captures the average efficiency of produc-
tion across all firms.g;, denotes the error term that accounts for unobserved shocks
and measurement errors.

Productivity measured as output per employee is obtained from Eq. (2) as
follows:

3) 9i =l =g+ (o= Dl + acci + ok +ayhy + 4, + €

equation (3) can be further written as follows:

@) gy—li=ay+(+a.+o+a,— Dl +a(c;, — L)+ oty — 1)+ ay(hyy = 1)+ A, + €

Assuming constant returns to scale a; +a,.+a;, +a;, = 1, equation (4) becomes:

Q) Gy —ly=ag+a (e, — L)+ ok, — 1) +a,(hy,—1,)+ 4, + €,

8While alternative functional forms could be used (for example CES or translog functions), the
Cobb-Douglas production function has analytical advantages as a first order-approximation to any
production function. Syverson (2011) discusses in more details the choice of production functional
forms.
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g, — I labor productivity of firm 7 at time ¢, measured as real value added per
employee;
¢;; — I, physical capital per employee in firm i at time ¢;

k; — I knowledge-based capital per employee in firm 7 at time ¢

h;, — 1, human capital per employee in firm 7 at time .

The parameter of main interest in our analysis is @, which captures the elasticity of
productivity with respect to knowledge-based capital.

We build on the production function model described above and add to equa-
tion (5) a number of features to contextualize it in line with recent advances in the
literature on productivity. First, a well-established literature (see Syverson, 2011 for
a review) has highlighted the role path-dependency in shaping the productivity
performance of firms. Persistent differences in productivity between firms have
been shown to be widespread (Bartelsman and Doms, 2000) and have been mostly
attributed to firms’ selection at entry (Hopenhayn, 1992; Melitz, 2003), demand
channels’ (Moreira, 2017), learning-by-doing, innovative efforts, investment in
higher quality managerial capital, as well as characteristics of the environment in
which firms operate such as market structure, and competition (Syverson, 2011).
To account for this productivity feature, we augment the model described by equa-
tion (5) with the lagged productivity, (¢;,_; —/;_1)-

Second, in the static Cobb-Douglas production function model, the effect of
competition on productivity is captured by an increase in the average efficiency
across firms. Following on from existing evidence on the effects of competition on
increasing intra-industry market shares of more efficient firms'? (see for example
Syverson, 2004a; Foster et al., 2008; and Syverson, 2011 for a recent review of this
evidence), we add to the model a measure of firm-specific intra-industry market
share.

Third, in order to contextualize the Cobb-Douglas production model to the
analysis of the relationship of investment in knowledge-based capital on produc-
tivity in a small open economy, we augment equation (5) with additional variables,
which account for the engagement of firms in exporting and for the presence of
foreign-owned affiliates. These variables capture both knowledge-spillovers and
international competition effects.

Finally, following on from recent contributions to the literature on productiv-
ity dispersion across firms'! we test whether the relationship between productivity
and investment in KBC is heterogeneous across different groups of firms (domestic-
owned and foreign-owned; small, medium-sized and large; exporters and non-ex-
porters); and across sectors (manufacturing and services). Firm heterogeneity
implies that not all firms have the same capability to translate investment in KBC
into productivity gains.

“Demand accumulation through consumer reputation and brand awareness.
0This mechanism is also referred to as Darwinian selection between firms (Syverson, 2011).

However, there might addltlonally be within firm increases in productivity from heightened competi-

tion, due to productivit ralslng actions undertaken by producers.
Bartelsman and Doms (2000) review this literature. Eaton and Kortum (2002) and Melitz (2003)

have conceptualized the role of productivity dispersion on trade intensive and extensive margins.
Syverson (2004b) provides evidence on productivity dispersion within industries in the U.S.
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The augmented theoretical framework discussed above underlines the empiri-
cal models we estimate. Given the available data, the analysis focuses on the mar-
ginal productivity of investment in intangible assets rather than the marginal
productivity of intangible capital stocks. Because the available panel data is unbal-
anced and it covers a short period (seven years), capital stocks of tangible, and
intangible assets could be estimated with substantial measurement error.
Furthermore, in our view, because the dependent variable and the other explana-
tory variables are flows, investment in tangible, and intangible assets is more rele-
vant for productive efficiency. We therefore chose to estimate productivity returns
to investments flows rather than capital stocks. This choice implies that, in our
econometric set up, the coefficients can be interpreted as the short run returns to
investing in a specific fixed asset, in terms of labor productivity (for a similar
empirical approach see among others Hall ez al., 2013), rather than as the user cost
of capital.'? The estimated coefficients in this case may reflect technological differ-
ences across producers (hence our focus on firm heterogeneity), and/or across fixed
intangible assets, for which certain investments are more productivity enhancing
than others. Alternatively, different initial levels of capital stocks across firms or
intangible assets, or different depreciation rates, could also impact on the estimated
coefficients.!3

The next section describes the data and the measures of investment in intangi-
bles used in the empirical analysis. In addition, we discuss patterns of investment in
KBC by groups of firms and by sector, highlighting the importance of accounting
for the heterogeneity of investment behavior.

3. DATA, MEASUREMENT, AND DESCRIPTIVE ANALYSIS

This analysis uses two datasets provided by Ireland’s Central Statistics Office
(CSO): the Census of Industrial Production (CIP) and the Annual Service Inquiry
(ASD).

The CIP survey covers firms with three or more persons engaged and hav-
ing their primary activity in mining and quarrying, manufacturing and utilities.
The CIP contains information on location of ownership, turnover, employment
and gross earnings, changes in capital assets, purchases of goods and services
other than capital items. A more detailed questionnaire including information on
changes in intangible assets is sent to firms with 20 and more persons engaged.

The ASI survey covers firms having their primary activity in the distribution
and services sectors.!* The ASI is based on a census of firms with 20 and more

12Tn a production function with capital stocks, the user cost of capital interpretation implies that
coefficients reflect a mixture of depreciation, capital gain/losses and net return to capital.

3Diminishing marginal returns to capital could imply that larger/smaller coefficients are due to
different initial levels of capital stocks, across firms and/or assets. Furthermore, if a fixed asset depreci-
ated much faster than another over a short time span, investment in the former asset could appear to be
more productivity enhancing than investment in the latter.

14The sectors covered by the ASI are: retail; wholesale; transportation and storage; accommoda-
tion and food; information and communication; real estate; professional, scientific, technical, adminis-
trative; and other selected services.
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persons and a stratified random sample for firms with less than 20 persons engaged.
The data collected with a more detailed questionnaire sent to firms with 20 or more
persons engaged includes the variables of interest for this analysis collected also
with the CIP.

The broadest coverage of the available data on intangible assets in the CIP
and the ASI is for the period 2006-2012. Taken together all data available from the
CIP and ASI, our analysis is based on an unbalanced panel of annual data com-
prising 11,346 unique firms over the seven years period, which results in 38,647
firm-year observations.!> All monetary variables used in the analysis are deflated
by the producer price indices for manufacturing industries at NACE 2-digit level
and the consumer price index for the remaining sectors.!°

To construct measures of investment in KBC at firm level, we follow the
widely adopted methodological framework proposed by Corrado et al. (2005,
2009), known as the CHS framework. The CHS framework has been developed
initially as a macroeconomic approach using available data for the U.S. and has
subsequently been exploited to produce comparable data on investment in KBC
across industries and countries. It provides a conceptual framework for measuring
three types of KBC assets: (1) computerized information: knowledge codified in
computer programs and computerized datasets, (2) innovative property: R&D and
knowledge assets that are protected through intellectual property (IP) rights such
as patents, designs, copyrights, and trademarks, and (3) economic competencies:
knowledge embedded in a firm’s human and structural resources such as firm-spe-
cific training, organizational capital, and branding.!’

The CHS approach is based on expenditures on own produced intangible assets
and purchased knowledge services. Following this approach, we have first extracted
information on firms’ own account investment in knowledge-based capital assets,
available from the CIP and the ASI surveys: these are annual additions to capital-
ized R&D; software; copyrights, patents and licenses for intellectual property; and
other fixed intangible assets. Subsequently, in order to obtain a broader measure of
investment in KBC to also include purchased knowledge services, we added annual
expenditures on purchased R&D services; royalties on technical know-how; and
expenditure on management and marketing fees as proxy for organizational and
branding capital.'® Finally, we have constructed measures of investments in KBC,

150n average each firm appears 3.4 times in the analyzed panel data. This average is due to some
firms entering and exiting over the 2006-2012 period, either because of cessation of economic activity,
or because of mergers and acquisitions. Other reasons could include changes in employment with

downsized firms with less than 20 employees not being included in the more detailed surveys.
16Deflators for specific intangible fixed assets or price indices for gross fixed capital formation were

not available to us at the time this analysis was carried out. However, capital stocks by manufacturing
industry and by asset type in constant and current prices were made available recently. We therefore
tested the robustness of our findings using these asset specific deflators for both tangible and intangible
assets. The results are quantitatively and qualitatively similar with the estimates reported in Tables 3-5.
These results are available from the authors upon request.

I7Expenditures on market research and advertising.

18The expenditures data on knowledge services are available in the CIP and the ASI, in addition to
the investment variables.
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by aggregating the capitalized and current expenditures for own account knowl-
edge-based assets and purchased knowledge services as follows:

* investment in R&D: annual capitalized R&D expenditure and expenditures
for purchased R&D services;

* investment in intellectual property: annual capitalized expenditures on
copyrights, patents and licenses and expenditures on royalties on technical
know-how;

* investment in software: annual capitalized expenditures for computer
software;

* investment in organizational and branding capital: expenditures on manage-
ment and marketing fees;

* investment in other intangibles: capitalized expenditures on other intangible
fixed assets;

* total investment in intangibles: investment in R&D, software, organiza-
tional, and branding capital, intellectual property, and other intangible
assets.

Given the advantage of the granularity of our data, we analyze investment in
R&D and investment in intellectual property assets (henceforth IP) as distinct
investments. !

One of the key contributions of this paper is the analysis of the heterogeneous
investment behavior and performance of different types of firms. Firms’ decisions
related to investment in KBC are likely to be influenced by their ownership status
(Irish or foreign-owned), their sector of activity, their involvement in exporting and
their size. This perspective is informed by previous firm-level evidence on invest-
ment in innovation?® and further supported by the descriptive analysis in this
section.

Table 1 explores the differences in the average amounts invested in intangibles
assets and reveals systematic and statistically significant gaps across the various
subgroups in which the main sample was divided. For each subsample, two sets of
figures are shown: the mean value regardless of firms’ investment status and, in
parenthesis, the mean value computed only on the fraction of firms reporting pos-
itive investment figures. The share of firms with positive investment, also reported
(Investment >0), varies substantially across subsamples and needs to be taken into
account in order to compare the investment behavior accurately. Firms might, in
fact, self-select into investing in intangibles, with this propensity varying between
the various categories of firms analyzed.?!

Irish-owned firms show a lower intensity?> of investment in KBC than
foreign-owned firms, in all types of intangible assets: the gap is largest for IP assets,
followed by investment in organizational capital and investment in R&D. The

YAggregating R&D and IP assets does not affect the empirical findings. These results are available
on request from the authors.

20This evidence has been obtained with analysis based on the CDM model (Crépon et al. 1998).
Recent reviews of this evidence include Mairesse and Mohnen (2010), Ruane and Siedschlag (2013),
and Brostrom and Karlsson (2017). Siedschlag and Zhang (2015) provide evidence for Ireland.

2IFrom an econometric point of view, the selection bias is not problematic since we observe both

investors and non-investors in intangibles and we exploit all firms in the analysis.
22Measured as investment per employee.
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intensity of investment in software is similar, but still significantly larger for for-
eign-owned firms. It is worth noting that despite the differences in the shares of
firms investing in intangibles, the gap between Irish-owned and foreign-owned
firms remains significant also when considering only investors.

On average, manufacturing firms invest more in intangibles per employee rel-
ative to service firms, although the difference is attenuated when considering only
firms that report positive investment. The gap is widest for organizational capital;
for IP assets and R&D the difference becomes insignificant once only the share of
investors is accounted for, while for investment in software the difference is insig-
nificant regardless of the sample considered.

Also being engaged in exporting is linked to the amount invested in intangible
assets, with exporters investing more than non-exporters. The differences are all
statistically significant, except for software, when comparing only firms reporting
positive investment.

Across the three main size groups in which we divide all firms (small, medium,
and large), the largest gap in the intensity of investment in intangibles emerges
between large firms and the other two categories (grouped as SMEs), in favor of
the former. Grouping medium-sized firms together with large ones and comparing
them to small firms reveals differences in intangibles investment which are less
sharp than if SMEs are compared to large firms.

An additional important aspect to consider when analyzing the relationship
between investment in intangibles and productivity is potential reverse causality:
firms invest in intangibles if they have resources to do so, such that more produc-
tive firms might be more likely to invest (Baum et al., 2017). The econometric
methodology we exploit in this paper allows to deal with this simultaneity issue
(more on this in the next section). However, a first descriptive exploration of the
association between productivity measured as real value added per employee and
investment in intangibles is provided in Table 2.

Table 2 reports mean differences in value added per employee between firms
that invest and firms that do not invest in intangibles, split by the various sub-
samples analyzed. As expected, in most cases there are statistically significant dif-
ferences in productivity between investors and non-investors. While significant
differences in productivity between investors and non-investors for all KBC assets
exist in the case of Irish-owned firms, for all the other firm groups, investing in
intangibles is related to higher productivity in at least two out of four KBC assets.

Taken together, these descriptive patterns provide motivation for our econo-
metric analysis of the relationship between investment in KBC and productivity
for all firms as well as by firm groups and sectors. The next section discusses the
empirical strategy and model specifications to be estimated.

4. ECONOMETRIC METHODOLOGY
4.1. Baseline Model Specification

Our empirical analysis of the relationship between investment in KBC and
firm productivity is underlined by the production function theoretical model dis-
cussed in Section 2. As mentioned above, we estimate a dynamic econometric
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model, which accounts for the persistence of firm productivity over time and its
dependence on past performance. In assessing the responsiveness of productivity
to investment in KBC, we therefore account for the self-perpetuating productivity
process triggered by the innate skills embodied in firms at entry, demand factors
and the intangible capital already accumulated by firms in the past. In particular,
we strive to eliminate the likely endogeneity arising from past productivity being
correlated with current KBC investment. For these reasons, in the estimation set up
we link firm productivity to its productivity performance in the previous year.??
In addition, we control for other firm-level factors related to productivity and
investment in KBC suggested by the literature on determinants of productivity.
Finally, we exploit the panel nature of the data, which allows us to account for
unobserved time invariant confounding factors at the firm, industry and year
level.?* Taken together all these factors, we estimate the following dynamic model:

In ( VA/Empli/-,,) =py+p; In ( VA/EmplU»J_l ) +p,In (Intangibles/Empli/-’,)
+ By In (Tangibles | Empl; ) + psIn (Wage / Empl)
+Bsln (Age); .+ Ps(For); +Pgln (Mark .Sh.);; ,
+ﬂ7(Exp),-j,, +6,+0,+p;+ py

ij,t

(6)

The dependent variable, firm productivity?®, is measured as real value-added
per employee®® Ln (VA/Empl;,) of firm i in NACE 2-digit sector j and year ¢,
taken in its natural logarithm. The lagged value of the dependent variable accounts
for the dynamic process driving firm productivity. The main variable of interest is

2Controlling for past productivity over two periods instead of one leaves the results unchanged;
furthermore, the second productivity lag turns out to be insignificant in the aggregate sample and most
of the subsamples. These estimates are available on request.

24A possible source of concern could be measurement error due to firms’ mis-reporting of capital-

ized expenditures. Since we have no reason to believe that this mis-reporting might not be random, this

would bias the estimated coefficients towards zero. ) - )
25We use labor productivity instead of alternative measures of firm efficiency, such as TFP mainly

because of data limitations. While information on investment at firm-level is available, information on
physical capital stock at firm level is not available. Estimates obtained with the perpetual inventory
method appear to be affected by measurement error most likely due to assumptions related to initial
stocks and depreciation rates and the lack of sufficiently long time series.

26Given that information on physical output is not available, the productivity is measured on the
basis of deflated sales. This implies that the productivity measure, particularly in the case of for-
eign-owned firms may be distorted by transfer pricing. Since transfer pricing is not observed in the data,
to ensure that revenue distortions do not impact systematically the results of this analysis, the key re-
gressions are run separately for Irish-owned and foreign-owned firms.
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investment in intangible assets per employee,”’Ln (Intangibles/Empl;,), whose
association with productivity is identified by the parameter g,.

We augment the theoretical model discussed in Section 2 with the time-vary-
ing explanatory variables, suggested by the literature on determinants of firm pro-
ductivity:?® the amount invested in tangibles per employee, the wage per employee
(a proxy for a firm’s human capital, or skill intensity), the age of the firm, an own-
ership indicator, a firm’s market share (a proxy for a firm’s market power), and a
binary variable identifying export participation as a proxy for exposure to interna-
tional competition. The remaining variables, §,, o; and P denote a set of time, firm,
and NACE 2-digit industry® fixed effects.’

The dynamic-panel setting applied to the available data requires instrument-
ing the lagged dependent variable Ln (VA/Empl l-j’t_l) to circumvent the correlation
of this regressor with the residual of the model (Nickell, 1981). For this purpose,
we apply a generalized method of moments (GMM) estimation, exploiting further
lags of the dependent variable to instrument Ln (VA4/Empl;, ;). After verifying
the correct specification of the model,’! we make a choice in favor of the sys-
tem-GMM estimator (Blundell and Bond, 1998). The system GMM jointly esti-
mates the dynamic model both in differences and in levels,?? using lagged levels as
instruments for the regression in differences (from 7-2 to #-6) and lagged differences
as instruments for the regression in levels (dated 7-1).33 Estimating the model in
both differences and levels addresses the weak instrument problem arising from
using lagged-levels of persistent explanatory variables as instruments for the
regression in differences, other than allowing the use of a larger portion of the
sample.

27Tt can be argued that past investment in intangibles could have an impact on productivity beyond
the effect of current investment, for reasons such as learning-by-doing or persistence of innovative ef-
forts (Piva and Vivarelli, 2007). For this reason, we attempted to extend the dynamics of our model
adding the lags of intangibles to the specification but failed to estimate any significant effect from past

intanz%ibles over and above the effect of current intangibles. ) o
See Syverson (2011) for a review of the recent literature on determinants of productivity and

Arrighetti et al. (2014) for an analysis of the determinants of investment in intangibles.
The NACE dummies are estimated only for a handful of firms which change sector over the pe-

riod we analyse. ) o . .
Details of all variables and data sources are given in Table A1 in the Appendix.
31To guide the choice of the estimator and reassure about the correct specification of the GMM

model, we compare results from a pooled-OLS model, a fixed-effects “within” estimator, a differ-
ence-GMM and a system-GMM estimator. While being both biased in a dynamic panel setting, the
POLS and the FE estimators can be taken as, respectively, an upper and a lower bound estimate of the
lagged dependent variable coefficient. Bond (2002) suggests that the GMM estimate of the lagged de-
pendent variable should lie in between the POLS and the FE estimates, and that the system-GMM is to
be preferred to the difference-GMM in case the latter estimate is close or below the FE estimate: this
rule-of-thumb applies neatly in our context and suggests that the system-GMM is the appropriate esti-

mator, These results are available on request from the authors. ) .
However, an assumption of this approach is that changes in the instrumental variables are uncor-

related with the fixed effects: this might appear as a strong assumption in our context, but given the
similarity of results between the difference-GMM (which doesn’t rely on this assumption) and the

system-GMM estimators, we consider this shortcoming as not very worrisome.
31n the interest of space, we report results with one set of lags used as instruments (the #-2 to -6

lags in levels for the differences regressions and the #-1 lag in differences for the level regressions).
However, we estimated all regressions in this analysis exploiting all the possible combinations of lags
(starting from #-2 and ending at #-6), in order to reassure about the robustness of the system-GMM
estimates. The results are extremely similar across all lags specifications and are available on request
from the authors.
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The exogeneity of the lags exploited in the instrumentation is confirmed by
the Arellano-Bond test for serial autocorrelation, which fails to reject the null of no
first-order correlation in the residuals.?* In addition, we report the Hansen J-test of
the null hypothesis that the over-identifying restrictions are valid: we always fail to
reject the null hypothesis, confirming the validity of the instrumentation proce-
dure. In order to minimize the shortcomings associated with instruments over-pro-
liferation, we present results that rely on the collapsed set of instruments obtained
applying the method proposed by Roodman (2009). This method reduces drasti-
cally the number of instruments in estimation and the risk of over-fitting the model
and obtaining inconsistent estimates (Newey and Smith, 2004).33

The GMM instrumentation procedure can help to instrument additional
regressors, which are likely to exhibit a correlation with the residual of the model,
other than the lagged dependent variable. In this context, it could be argued that
investment in intangibles is determined simultaneously with firm productivity,
causing a reverse causality bias. Similarly, also the value of investment in tangibles,
the average wage per employee and a firm’s market share are likely to be endoge-
nous to productivity due to a simultaneity issue. To circumvent these endogeneity
concerns we instrument investment in intangibles, investment in tangibles, wage
per employee and the market share with their past values, exploiting the same lag
structure exposed for the instrumentation of the lagged dependent variable.

4.2. Testing for Complementarity/Substitution of Multiple Investments in KBC
Assets

In this paper, we go beyond the analysis of independent relationships between
investment in intangible assets and firm productivity and examine whether inter-
dependence might exist between simultaneous investments in multiple intangibles
in their effect on productivity. Firms are likely to combine their resources and the
marginal return from investing in one intangible asset might be higher if firms
invest contemporaneously in another asset. In this case, the two investments are
considered to be complementary; in the opposite case (i.e. of lower marginal
returns), the two investments are seen as substitutes.

Previous studies exploring complementarity and substitution across invest-
ment in intangibles reported evidence of complementarities between R&D and
patents, patents and marketing, patents and human capital (Crass and Peters,
2014); as well as complementarities between advertising and R&D and advertising
and human capital (Higén et al., 2017).

These papers, however, analyzed samples of firms pooled together, while we
allow for the relationship between investment in intangibles and productivity to be
different for different groups of firms and sectors. We show that analyzing the aggre-
gate sample only misses important relevant results on the interplay of investments

34This implies that lags starting at -2 are uncorrelated with the residual and are valid instruments

for the lagged dependent variable.
3We provide more details in a Technical Appendix available from the authors. In this Appendix we

also provide estimates based on the principal components instrumental variables reduction method
proposed by Bontempi and Mammi (2015), as a robustness check.
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in the specific intangibles assets and argue, once again, that firm heterogeneity is a
key factor in the link between investment in intangibles and productivity.

A further difference with respect to previous studies is methodological. Both
Crass and Peters (2014) and Higén et al. (2017) apply the methodology of Carree
et al. (2011) in order to investigate the existence of complementarity or substitut-
ability effects. Carree et al. (2011) estimate the econometric model with interac-
tion terms representing all the possible cross combinations of investments. Our
approach is simpler and offers results whose interpretation, while being different,
is in our view more convenient. We interact each (continuous) investment vari-
able with a binary variable identifying whether firms invest contemporaneously
in another intangible asset. The interactions allow us to explore how investing
in a certain asset (identified by the dummy variable) influences the relationship
between investing in each of the other intangible assets and firm productivity. This
approach also allows us to keep the estimation procedure lighter, and not to over-
flow the GMM setting with a very large number of interaction terms, which would
require instrumentation with past lags.

In order to test the existence of complementarity or substitutability between
investments in various intangibles, we augment the econometric model described
by equation (6) with a series of interaction terms as follows:

In ( VA/Emplij,,) =B+ A In ( VA/Emplij,t_l) +f,In (Int(A)/Emp,-jj,) + Bsint(B);;,
+pyIn (Int(A)/Emp;;,) +int(B);; ,+] ... 1+ psln (Tang/Emp,-j’,)
+ BsIn (Wage/ Emp),;; , + B7In (Age),; , + Ps(For); +Poln(Mark .Sh.)
+B10(EXp)yj +0,+0,+p;+ by,

@

ij,t

To capture complementarity/substitution effects, the amount invested in a cer-
tain intangible (say, A) is interacted with a binary variable taking value 1 if the firm
is contemporaneously investing also in another intangible (say, B). The coefficient
B, on the interaction term captures whether the contemporaneous investment in
intangible B has a positive or negative effect on the relationship between invest-
ment in intangible A and firm productivity. We interpret a positive 8, coefficient
as indicating that investment in intangible B enhances the effect of investment in
intangible A (i.e. the two investments are complementary), and a negative 8, coef-
ficient indicating that investment in intangible B is a substitute for investment in
intangible A. We include in the model described by equation (7) investments in all
specific intangible assets available in our dataset (R&D, IP assets, software, orga-
nizational and branding capital, and other intangibles), together with all pair-wise
interactions.

5. EmPIRICAL RESULTS

In this section we report the estimates of models (6) and (7), exploring the
relation between investment in KBC assets and firm productivity. We start by
presenting the findings for the aggregate of all intangibles; next, we analyze the
productivity returns linked to investments in the specific KBC assets. Finally, we
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discuss the results of our analysis of complementarity/substitutability of pair-wise
combinations of investments in KBC.

5.1. Investment in All Intangible Assets and Firm Productivity

Tables 3 and 4 analyze the relationship between investment in all intangibles
and firm productivity across various firm groups.

Before exploring the effect of investment in intangibles, in line with a large
literature, our estimates confirm that a positive and significant determinant of firm
productivity is its past performance. This result is found consistently across all the
specifications estimated and firm groups analyzed. Persistence is rather high, with
a ten percent higher productivity reflected, on average for all firms, in 5.4 percent
higher productivity in the next time period.

The key finding of this analysis, in line with many other empirical studies
(Riley and Robinson, 2011; Marrocu et al., 2012; Crass and Peters, 2014; Higén
et al., 2017), is that investing in KBC is positively and significantly associated with
firm productivity: an increase in investment in KBC per employee by ten percent
translates into a 2.8 percent higher productivity.3® This result, statistically robust
and economically sizeable, is found when all firms are analyzed. However, as shown
in Table 3, important heterogeneity exists across various groups of firms.

As mentioned in the Introduction, a novelty of our study is the separate anal-
ysis of indigenous and foreign-owned firms. Productivity is more responsive to
investment in KBC in foreign-owned firms than in Irish-owned firms. This result
suggests that productivity returns to investment in intangibles are larger in firms,
which are more productive initially and are better at internalizing the returns from
investment in intangible assets. An alternative (but not unrelated) explanation could
lie in the fact that foreign firms might be endowed with more qualified personnel:
Arrighetti et al. (2014) find that firm-level capabilities are an important source of
heterogeneity in intangible investment, which in our context might explain the dif-
ferent productivity returns between indigenous and foreign-owned firms.

Contrasting manufacturing and service firms, we find that investment in KBC
is positively linked to productivity for both types of firms, but the effect is statisti-
cally stronger for manufacturing firms relative to service firms. This result differs
from Crass and Peters (2014) who find that, in Germany, productivity is (margin-
ally) more responsive to investment in KBC in services than in manufacturing. In
the context of our analysis for Ireland, this result can be explained by looking at
the separate effects of investments in the various intangibles (Table 4 in the next
subsection), of which, unlike for services, most of them are positive determinants
of productivity in manufacturing firms.

Separating exporters and non-exporters shows that the elasticity of pro-
ductivity with respect to KBC is marginally larger for non-exporters than for
exporters. This is somewhat surprising, given that the sample of non-exporters is

36The magnitude of the effects we estimate is larger than in some of the above-mentioned studies,
although the figures are not directly comparable because of the different measures of KBC and empir-
ical methodology.
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predominantly composed of indigenous firms. However, the statistical significance
of these coefficients is too low to draw strong implications from this result.

Finally, across the three size classes, investment in KBC appears positively
associated with productivity in small and medium-sized firms (with up to 250
employees), with the coefficient being positive but insignificant for large firms.

With respect to other covariates, many of the estimated coefficients are statis-
tically insignificant. This is to be expected, given the presence of firm fixed effects,
for which what identifies the coefficients are changes in the respective variables
over time, within firm. It appears that investment in tangible capital per employee
does not have a significant effect on firms’ productivity, over and above the impact
of investment in KBC. Unlike services, manufacturing firms with an increasing
market share are more productive, possibly reflecting a different role of scale econ-
omies in manufacturing firms relative to services firms.>’ In both sectors, firms
operating in international markets (foreign-owned and exporters) are more pro-
ductive than firms serving only the domestic market. This result is in line with the
international evidence.*®

5.2. Investment in Specific KBC Assets and Firm Productivity

This section examines how investment in specific KBC assets relates to firm
productivity and provides insights on one of the key contributions of this paper:
we show that investments in the various intangibles have different effects across
firm groups, proving that firm heterogeneity is a key feature for the analysis of
productivity returns to investment in intangibles.

Besides investment in R&D, whose effects have been investigated since a long
time (see Hall ez al., 2010 for a review), our results indicate that investment in non-
R&D assets also affects firm productivity. Investment in intellectual property (IP)
assets (patents, copyrights, royalties, licenses), computer software, and organiza-
tional and branding capital have heterogeneous and often non-overlapping effects
across firm groups. The results are reported in Table 4.

Among all types of investment in KBC, firm productivity is mostly sensitive
to investment in computer software: the result in the aggregate sample is very large
and more than proportional, with an elasticity of 1.6. Interestingly, this effect is
confined to a few specific subsets of firms, as it appears to be driven by
foreign-owned firms, firms in services, firms which export and firms that are of
medium size (50 to 250 employees). Notwithstanding the different methodology
and data used,*® our sectoral results are comparable to those obtained by Riley and
Robinson (2011) who find a larger effect of IT capital in services than in
manufacturing.

In line with a large literature, we find that investment in R&D is positively
associated with productivity. With the exception of the subsample of Irish firms,
the related coefficient is lower compared to that of investment in software, with

3TThis result is likely to also reflect the ability of larger firms to attract better inputs and better
workers.

38For a review of this evidence see, for example, Greenaway and Kneller (2007). )

¥Riley and Robinson (2011) measure IT capital with the number and wages of workers in IT

occupations.
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an elasticity ranging between 2 and 0.3. It is noteworthy that investment in R&D
tends to be positively linked to productivity in those firm groups where investment
in software is not significantly associated with productivity: Irish-owned and man-
ufacturing firms. Investment in R&D is also associated with the productivity of
exporters, while having no effect on non-exporters. The finding that investments in
software and in R&D seem to have opposing effects on the productivity of differ-
ent firms might suggest that the two intangible assets are partly substitutable with
each other, and that different firms might find it optimal to invest in either of the
two assets, but not both. We investigate this aspect in the next section.

Related to investment in R&D is investment in IP, as both assets are classified
as innovative property assets (Corrado et al., 2005). Previous studies (Crass and
Peters, 2014; Higdn et al, 2017) found no significant association between invest-
ing in IP assets (specifically patents) and firm productivity. While we confirm this
finding when analyzing all firms (the coefficient is only modestly significant), when
unpacking the effect across firm groups, we find that in foreign owned and manu-
facturing firms productivity is strongly associated with IP investment, unlike Irish
and services firms, where the coefficient is close to zero. In addition, also medi-
um-sized firms, in contrast to small firms moreover and large firms on the other,
are found to benefit from investing in IP assets. Although our results might not be
directly comparable to the literature because of the peculiar features of our data,
they again highlight the importance of considering heterogeneous effects when
analyzing the impact of intangibles on productivity.

Investment in organizational and branding capital is strongly associated with
the productivity gains, with most of the firm subgroups reporting a positive and
significant coefficient. The estimated elasticity of this asset ranges between 0.2 and
0.5, with the most affected firms being those with foreign ownership, active in ser-
vices sectors, and having more than 250 employees. Interestingly, among the size
groups, large firms are the only ones where organizational capital investment
appears linked to higher productivity: this highlights that, beyond a certain scale of
operations, investing in managerial skills can be a crucial factor for productivity
gains. In our data, organizational practices and marketing investment are bundled
together in one variable; however, some comparison with previous studies can be
made. Riley and Robinson (2011) also find organizational practices*® having a pos-
itive impact on productivity, even exceeding that of software and R&D. Crass and
Peters (2014) and Higén et al. (2017) unambiguously confirm that investment in
advertising has a positive impact on productivity, in all firms. In contrast, in our
analysis the productivity of manufacturing firms appears to be linked to invest-
ment in organizational and branding capital in a weaker way than that of services
firms.

Finally, investment in other intangible assets (not classified in one of the
above-mentioned categories) is found to be associated with higher productivity
particularly in firms with foreign ownership and with more than 250 employees. It
is difficult to comment on this result, since we are unable to identify which assets
fall in this category. What appears interesting, however, is that there might be a

“0They exploit the number and wages of organizational workers, that is, managers and marketing
workers.
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tendency for foreign and large firms to ascribe a relevant fraction*! of their intan-
gibles investment to this residual group.

5.3. ComplementaritylSubstitution Effects of Investment in Multiple Intangible
Assets

Estimates of complementarity/substitutability of pair-wise combinations of
investments in intangible assets are presented in Table 5.> Important interaction
effects are found for investment in the various intangible assets, with heterogeneous
effects across the subsamples of firms.

Before proceeding to the exposition of the findings, a word of caution is
needed. Notice that, in Table 5, the Hansen test of over-identifying restrictions
upholds the null of instrument validity; however, the p-values equal to one are too
high for the test to be considered meaningful.*> The large number of regressors
which we instrument (for reverse causality concerns) in the regressions based on
specification (7), determine a rapid increase of the moment conditions in the
GMM estimation, which weaken the power of the test (Bowsher, 2002).
Unfortunately, a large number of (highly correlated) instruments could be prob-
lematic also for the consistency of the estimates (Ziliak, 1997; Newey and Smith,
2004). In Table 5, despite collapsing the instruments as suggested by Roodman
(2009), the Hansen p-values do not allow us to eliminate the concerns linked to
instrument over-proliferation. For this reason, we use alternative strategies to
reduce the number of instruments, based on the principal component analysis
(PCA) suggested by Bontempi and Mammi (2015).# The PCA strategy also yields
Hansen p-values of one and does not inform our choice of which results are to be
considered superior. We are aware that the identification of complementarities is a
demanding exercise given the available data we analyze, and therefore these results
should be interpreted as suggestive only. Even if our approach is more conservative
than that proposed by Carree et al. (2011), our estimates are not completely free of
concerns linked to instrument validity. Taking into account these concerns, we
report the obtained complementarity/substitution estimates by imposing a further
restriction: while we present the estimates obtained following the Roodman (2009)
methodology (which yields results that are preferable to the PCA approach for the
regressions results presented in Tables 3 and 4), we only interpret the estimated
coefficients which hold*® across both the estimation based on collapsing the instru-
ments (reported in Table 5) and the principal component analysis (reported in
Table 5B and C in the Technical Appendix).

The results suggest that investment in R&D is an important driver of the link
between investment in intangibles and productivity. Firms that invest in R&D and
simultaneously in other (non-R&D) intangibles have higher productivity returns
from their investment in IP assets and in organizational capital. Investing in R&D

41For their productivity.

42Table 5 shows only the main model coefficients and the interactions which turn out to be
significant.

4“The Hansen test suffers from a severe under-rejection problem in case of instrument
proliferation.

#These results are presented in a Technical Appendix available from the authors upon request.

4Have same sign and significance, these coefficients are presented in bold.
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appears to enhance the productivity returns of investment in IP assets in small
firms and non-exporters; whereas in medium-sized firms investment in R&D is
found to strengthen the impact of investment in organizational capital on produc-
tivity.*® These results point to the crucial importance of investment in R&D for
building a knowledge base that enable firms to exploit more efficiently other inputs,
as shown among others by Teece (1986), Griffith ez al. (2004), and Belderbos et al.
(2014).

Investment in IP assets is also found to be an important complement of invest-
ment in other intangibles. Specifically, investing in IP assets increases the productiv-
ity returns of investment in R&D and in organizational and branding capital. The
complementarity of investment in IP assets and in R&D is found for services firms,
while in non-exporting firms, investing in [P assets is complementary to investment in
organizational capital. These findings highlight the importance of prior knowledge,
embedded in patents, licenses and copyrights, in enhancing the absorptive capacity
of firms (Cohen and Levinthal, 1990) which make investment in R&D, management
and marketing more productive (Crass and Peters, 2014). Furthermore, in the case
of firms in services, productivity returns to investment in R&D are enhanced by
investment in software. This result is consistent with recent evidence on complemen-
tarities between investments in R&D and information and communication technol-
ogies provided by Corrado et al. (2017) and Mohnen et al. (2018).

In addition to uncovering the complementarity of investments in R&D and IP
assets, this paper makes a further contribution to the literature suggesting that
investments in organizational and branding capital might substitute investments in
other intangibles. It is worth noticing that investment in organizational capital
appears to be substitutable to investments in intangibles which, for specific firm
groups, are not significantly associated with firm productivity (for a comparison
see Table 4). Investment in organizational capital is a substitute for investment in
R&D in the case of exporters and in medium sized firms, and a substitute for IP
assets in non-exporting firms.*’” We consider this finding interesting, because it sug-
gests that while investment in organizational and branding capital has an overall
positive effect on productivity, it could be a substitute for investment in intangibles,
such as R&D in the case of exporters and IP assets in the case on non-exporters,
which appear to have no significant effect on productivity in these firm groups. To
the best of our knowledge, this evidence is new to the literature. Further research
could shed light on the robustness of this result in the context of other countries’
economic structures and institutional frameworks.

4SIn one case, for non-exporters, R&D seems to decrease the effectiveness of another intangible,

namel7y organizational capital. o ) ) ) ) )
4TThis peculiar result of organizational capital being a substitute of investments which, themselves,

are not found to be associated with productivity gains, applies also for a number of other cases (for
R&D investment of foreign, service and small firms; for IP investment of non-exporters). These coeffi-
cients, however, are not robust to applying the principal component analysis suggested by Bontempi
and Mammi (2015).
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6. CoNCLUSIONS AND PoLicy IMPLICATIONS

This paper extends a Cobb-Douglas production function theoretical frame-
work and provides novel evidence on productivity returns of investment in intan-
gible assets in a small open economy. To the best of our knowledge, we make three
methodological contributions to the literature. First, we model the relationship
between investment in KBC and productivity as a dynamic process accounting
for productivity’s persistence and path-dependency. Second, we contextualize the
relationship between investment in KBC and productivity to the features of a small
open economy accounting for the role of exporting and inward foreign investment.
Third, and related to a small open economy framework, we relax the assumption
of a homogeneous behavior of a representative firm and allow the link between
productivity and investment in KBC to differ across groups of firms and sectors.

The results of this analysis indicate that investment in KBC is positively asso-
ciated with firm productivity. On average, ceteris paribus, a ten percent increase in
the investment in KBC per employee is associated with a three per cent produc-
tivity gain. However, this aggregate result hides heterogeneous effects across firm
groups, which in a small open economy like Ireland are more evident than in large
economies.

Our estimates identify a larger responsiveness of productivity to investment
in KBC for foreign-owned firms in comparison to Irish-owned firms. Across size
groups, the sensitivity of productivity to investment in KBC is found to be greater
for small and medium-sized firms (with less than 250 employees). A noteworthy
finding of this research is that investment in KBC appears to be more important
for productivity than investment in tangible assets which, over and above other fac-
tors, does not have a significant effect. A possible explanation for this observation
might be the small variation over the analyzed period in investment in tangible cap-
ital, as well as the limited impact on productivity due to pre-existing large stocks
of physical capital.

Investment in R&D is positively linked to firm productivity in some of the
sub-samples of firms analyzed, namely indigenous firms, manufacturing firms
and exporters, with no distinction found among firms with different size. The pro-
ductivity of foreign-owned firms, and of those active in services sectors is mainly
associated with investment in non-R&D intangible assets, including software and
organizational and branding capital.

In the case of investment in non-R&D assets (IP assets, software, organiza-
tional and branding capital, and other intangibles), investment in software is most
strongly associated with higher productivity (both economically and statistically).
Higher investment in organizational and branding capital also appears to posi-
tively affect the productivity of the various types of firms analyzed, with distinc-
tions in terms of firms’ ownership or sector of activity being more nuanced. In
contrast, investing in IP assets only affects the productivity of foreign-owned firms,
medium sized firms and manufacturers.

Furthermore, this analysis finds that investments in multiple intangible assets
could be complementary as well as substitutable depending on the specific com-
bination of investments and firm and sector characteristics. One key result is that
investing in R&D and IP assets enhances the productivity returns of simultaneous
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investments in other intangible assets. This result highlights the importance of
investment in R&D and prior knowledge for building firms’ absorptive capacity
as suggested by, among others, Griffith ez a/. (2004) and Belderbos et al. (2014).
Another novel result of this analysis is that investments in management and mar-
keting are substitutable with investments in other intangible assets, particularly
for firms where these (other) investments do not appear to matter for productivity.

Taken together, our research results indicate that productivity responds
differently to investments in various types of KBC across Irish-owned and for-
eign-owned firms. For Irish-owned firms, productivity is most strongly linked to
investment in R&D intangible assets and in organizational and branding capital.
For foreign-owned firms, productivity is most strongly linked to investment in non-
R&D intangible assets such as computer software, intellectual property assets and
organizational and branding capital.

It is widely acknowledged that given market and systemic failures specific to
knowledge-based capital,*® firms tend to underinvest in such assets, below the
socially desirable level. The empirical evidence provided in this paper suggests a
number of implications for the design of policies and strategies aimed at incentiv-
izing investment in KBC in the enterprise sector.

First, the results of this analysis indicate that a more comprehensive policy
approach to incentivize investment in a broader range of intangible assets beyond
R&D such as IP assets, computer software, and organizational and branding cap-
ital could be beneficial. Second, the results also indicate that incentivizing firms
to invest in R&D could enhance the productivity returns of investments in other
intangible assets. In contrast, over-investing in management and marketing could
be counterproductive. Third, the evidence provided in this paper suggests that pol-
icy measures should be targeted to specific groups of firms with similar character-
istics, such as: domestic versus foreign-owned; SMEs versus large; manufacturing
versus services firms.

While this paper highlights the importance of investments in a broad range of
intangible assets for firm productivity, further research could provide useful evidence.
Possible research directions that could be explored include identifying factors driv-
ing firms’ choice of investments in various intangible assets and how these choices
affect firm performance outcomes such as exporting and employment growth.
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