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Abstract

Economists agree that physical and intangible capital can have a positive impact
on productivity growth. However, the dependence of intangible capital on ade-
quate institutions may lead to its weak impact on productivity in countries with
weak institutions. The aim of this paper is to assess the link between investments
in physical and intangible capital on the one hand and productivity on the other.
For determining differences in the level of effect of physical and intangible capital
on productivity depending on institutional and developmental characteristics of
countries, the research is divided into two parts. First, we assessed regression
models for Croatia, after which we used panel analysis to evaluate a number of
models for highly developed countries with quality institutions. The results sug-
gest a significant positive effect of physical and intangible capital in advanced
economies, while in Croatia only physical capital has a significant impact.

Keywords: labour productivity, intangible capital, panel analysis, institutions,
economic development

1 INTRODUCTION

Determinants of labour productivity are important because they greatly influence
economic competitiveness and growth of living standards (real wages) of indi-
viduals. Increase in labour productivity should necessarily lead to more output
being produced in one hour of work with a more efficient use of production fac-
tors, resulting from workers being more equipped with physical and intangible
(intellectual) capital per hour of work. Also, the increase in labour productivity is
reflected in the growth of the overall technology level and other productivity fac-
tors, influenced by the quality and quantity of highly skilled workforce, as well as
formal (public sector, laws, regulations, penalties) and informal (customs, norms)
institutions, whereby well-designed economic policies can stimulate these factors.

Physical capital (machines, devices) and its role in productivity growth are well
defined in the literature, but the accelerated development of intangible capital
requires more detailed analyses of it and its role. One of the first references to
intangible capital has been made by Griliches (1981), implying total stocks of
intangible value (or know-how) in the economy (R&D investments, patents,
organisational and human capital). Researchers also provided more detailed
explanations of the positive effect of intangible capital on labour productivity on
both microeconomic (e.g. Brynjolfsson, Hitt and Yang, 2002) and macroeconomic
level (Solow, 1987; Nakamura, 2010).

Although the effect of intangible capital on labour productivity has already been
investigated in more detail both in theory and empirically, the link with institu-
tional and development characteristics has been studied only partially. In theory, a
good institutional environment is necessary for intangible capital to have an effec-
tive impact on productivity (Acemoglu, Aghion and Zilibotti, 2006; Aghion and
Howitt, 2006). But what is needed even more are quality and stimulating economic
policies, developed financial markets and laws on the protection of property rights



and efficient public administration. The most developed countries will base pro- 217
ductivity growth on original innovation and the use of innovative intangible capi-

tal. In other words, they are at the technological frontier, i.e. their good institutional

conditions lead to an increase in the efficiency of such capital (Acemoglu, Aghion

and Zilibotti, 2000).

High levels of human capital can also lead to more efficient use of intangible
capital in the economy. Clearly, there is a significant link between productivity
and intangible capital in countries with well-defined institutional and develop-
ment characteristics and an environment stimulating investments.
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The impact of intangible capital characteristics on productivity can be analysed by E—
comparing countries with different institutional and development characteristics,
which is the objective of this paper. In the first part, we conduct a regression
analysis of aggregate data and examine the impact of physical and intangible cap-
ital on labour productivity in Croatia. According to WIPO data (2025), Croatia is
classified as a country with a relatively inadequate institutional framework for
stimulating intangible investments, and the stagnant productivity dynamics in
recent years serve as a good example of a country in which the impact of intangi-
ble capital may not be significant due to inadequate institutional support in the
transition period toward higher development levels.
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The second part is a panel analysis of sectoral and aggregate data of highly devel-
oped countries with quality institutional characteristics. The objective is to iden-
tify differences between the two parts of the analysis, in particular the importance
of the long-term effects of intangible capital on labour productivity. By doing so,
we could determine potential differences in the impact of institutional and devel-
opment characteristics on the effect of intangible capital on productivity. This
paper, modelled on Griliches (1995), uses regression analysis for estimating and
calculating long-term coefficients of effect of (in-)tangible capital on productivity.
Indeed, due to a possible time lag in the impact of capital on productivity, any
analysis of standard estimated coefficients might not provide adequate conclu-
sions. In the second part of the analysis, we also use an estimator which takes into
account certain properties in the panel data that may potentially impair the impar-
tiality of model results (primarily cross-sectional dependence). In the second part
of the analysis, we also employ an estimator that accounts for certain properties of
panel data that may potentially compromise the unbiasedness of the model results
(primarily cross-sectional dependence). In this context, we estimate individual-
ized average (as well as pooled) effects that are isolated from spillover effects
arising from the statistical mechanism of cross-sectional dependence.

This research offers a more flexible design (comparative analysis of country with
weaker institutional features and those with superior institutions) that can better
interpret the causes of links between different types of capital and productivity. The
review of empirical research provided below did not find a satisfactory number of
studies dealing with the impact of physical and, more importantly, intangible capital
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on labour productivity in various institutional circumstances. Moreover, there have
been no empirical surveys of determinants of labour productivity in relation to
intangible capital for Croatian case. Furthermore, a partial novelty is the use of mod-
els that estimate the long-term effects of links between selected variables (as well as
the consideration of certain statistical issues in the part of the analysis with panel
data related to cross-sectional dependence), but in a different context than in other
carlier studies of productivity determinants using similar estimators.

The results of this research primarily imply a significant impact of both physical and
intangible capital on labour productivity in countries with developed institutions.
On the other hand, a significant effect of intangible capital did not emerge in the
analysis for Croatia. The result points to the importance of institutions that would
support the creation of a foundation for the accumulation of intangible capital which,
due to its complexity of application, is highly sensitive to institutional support in the
country. Support is essential through well-designed laws, reducing political and eco-
nomic costs that will allow already established but lagging market players to exit the
market and facilitate the entry of fast-growing companies into the market. It also
facilitates the financing of such companies, for example through subsidies, the
development of financial markets and the creation of adequate human capital.

The following chapter provides the most important findings of previous empirical
research on the impact of intangible capital on labour productivity; third chapter
provides an overview and description of the data, their sources and the economet-
ric methods used; fourth chapter presents the results of empirical research and the
fifth chapter provides discussion of results and conclusions.

2 LITERATURE OVERVIEW

Theoretical research accumulated to this day mainly dealt with intangible capital
analyses in the context of endogenous emergence of technological advances affect-
ing productivity growth (Romer, 1990; Grossman and Helpman, 1991; Aghion and
Howitt, 1992; Benhabib and Spiegel, 1994; Griliches and Mairesse, 1998).

Recent decades have seen weaker labour productivity growth dynamics, especially
in the most developed countries, which some researchers attribute to lower growth
rates of intangible capital investment (Van Ark, 2016; Van Ark and O’Mahony,
2016). However, the effect of intangible capital on productivity remains relatively
significant in the empirical sense, not only in the theoretical sense, as suggested by
the above authors.

Among the empirical research so far, interesting findings are offered by Corrado,
Haskel and Jona-Lasinio (2017), analysing the impact of intangible capital invest-
ments on productivity growth in ten EU member states in the period 1998-2007.
They find that productivity is higher in sectors with greater use of ICT technology
and investments in intangible capital and knowledge.

Furthermore, in the extensive empirical literature providing evidence of a statisti-
cally significant positive link between intangible (and certainly physical) capital and



the level of production per worker, surveys by Bontempi and Mairesse (2015) for 219
Italy, Roth and Thum (2013), Roth (2020), Hintzmann, Lladés-Masllorens and
Ramos (2021) for EU countries, Corrado, Hulten and Sichel (2009) for the USA in
the period 1973-2003 stand out. Similar results are also reported in Baldwin et al.
(2009) for Canada, and Fukao et al. (2009) for Japan. The latter research is particu-
larly interesting because they find a significant positive link for the period 1985-
2005, although investments in intangible capital in Japan in the late 1980s and early
2000s recorded slower growth, which can explain the difference in labour produc-
tivity growth between Japan and the USA. Slow investment in intangible capital in
Japan can also be linked to general formal, and even more so, informal Japanese
institutions that are more generally rigid in a socio-cultural sense (slow to accept
new values and prone to traditional values) and do not allow for subtle adaptation to E—
innovations resulting from intangible capital investments (Rosser and Rosser, 2018).

The differences in dynamics have also been dealt with by Hao, Manole and Van
Ark (2009) for France, Germany, Italy, Spain, USA and the UK, implying that
countries with relatively higher intangible capital investments have better produc-
tivity indicators. Again, differences between countries can be explained by differ-
ences in their public policies and institutions that do not channel the private sector
enough toward innovation and primary research.
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Furthermore, a positive link is also found in sector analyses, as Eberhardt, Helmers
and Strauss (2013) show for 13 industries in 10 highly developed countries; Crass,
Licht and Peters (2015) for sectors in Germany, where the effect of physical capital
on productivity increases parallel to an increase in intangible capital investment.

While, on the one hand, the literature points to the importance of physical, and
especially intangible capital, on the other hand there is a lack of research into
institutional and developmental determinants of the relationship between physical
and intangible capital and labour productivity.

The only piece of research we found that goes into more detail regarding the insti-
tutional and development determinants of the link between intangible capital and
labour productivity is the one by Castelli et al. (2024). They introduce certain
heterogeneities and assess the impact of intangible capital on productivity in western
and eastern European countries, identifying complementarity of the institutional
environment as the missing link for explaining differences. For the period 2000-2017,
they deepen their analysis further by adding interactive members to the panel
model equations for eastern EU countries, assessing the differences between
EU core countries (with good institutional conditions) and peripheral countries
(i.e. eastern), with a weaker development environment. The results suggest a pos-
itive and significant link between labour productivity and intangible capital, for all
EU countries. On the other hand, coefficients expanded with interaction members
of eastern EU countries with intangible capital do not show a significant positive
link with productivity, suggesting that lack of capacity and an adequate institu-
tional environment is the main reason for the weak impact of intangible capital on
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productivity, resulting in a more pronounced productivity gap between the eastern
and western EU countries.

Moreover, Roth (2019) argues that the literature on the determinants of intangible
capital investment decisions, as well as on the efficiency of the impact of physical
and intangible capital on productivity, depends strictly on the quality of public
infrastructure that helps such investment to be used more efficiently. Public invest-
ment in intangible capital then encourages companies to invest in such capital
themselves, thereby ensuring productivity growth.

3 DATA AND METHODOLOGY
The paper uses data from the EU KLEMS database (EU level analysis of capital (K),
labour (L), energy (E), materials (M) and service (S) inputs) (Bontadini et al., 2023).

For the purpose of econometric analysis, we collected sectoral and aggregate data
on net cumulative investments (stocks) of total physical capital (7otal tangible cap-
ital stock — K), which serve as a control variable. For the main independent variable,
we collected data on net cumulative investments in intangible capital (7Total intangi-
ble capital stock — IN), such as computer operating systems and databases, research
and development, organisational and human capital (Bontadini et al., 2023).

K and IN were calculated using the geometric PIM method (Perpetual Inventory
Method), while details on K and IN calculation (with depreciation rate included)
are explained in detail in Bontadini et al. (2023). For the calculation of the effect
of capital equipment per hours of work, K and IN are then divided by the total
annual hours of work.

Net cumulative investments (stocks) were selected for analysis, rather than current
or GFCF (Gross Fixed Capital Formation). Namely, stocks are better observed over
time, i.e. the impact of K or IN on productivity depends on the composition of
investments in present and past periods, and capital, such as the intangible one,
needs a certain period in order to be efficiently applied in companies, sectors or the
whole economy. GFCF is not so suitable for observation over time; even when
included in regression specifications as lagged coefficient, it will not well represent
the effect of time flow as it ignores the impact of time depreciation of capital (Eber-
hardt, Helmers and Strauss, 2013). Cumulative capital and accumulated knowledge
from the beginning of the period means little if it does not continue to increase, i.e.
depreciation must be introduced in the calculation (e.g. the use of new working
methods and new knowledge from twenty years ago will not mean much for current
productivity if new knowledge is not introduced over time).

For the calculation of dependent variable — labour productivity — we first collected
Gross value added (GVA) data. After that, GVA was divided by data on total annual
hours of work of employees in a specific sector or country in order to obtain a com-
parable measure of Labour productivity (LP). There are several reasons for selecting
GVA per hour of work. While GVA per employee is also used often, such indicator



may be more difficult to compare internationally due to differences in working hours 227
of employees over certain periods in different countries and sectors. Labour produc-
tivity levels measured by GVA per hour of work in two countries in comparison
could be the same, while GVA per number of employees could be higher in the
country where employees work more hours per year, and one employee can produce
more annually, leading to apparently higher labour productivity. Also, the use of
GVA, unlike GDP, avoids the unintended effect of taxes.
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In order to reflect the real values, all data are reported in constant prices (chained
linked volumes), with price deflators adjusted for each item of national accounts
(i.e. different deflator for GVA, physical and intangible capital).

All data — both sectoral and aggregated — refer to the period 1995-2021. Aggregated
data includes all economic sectors according to the usual NACE Rev. 2 classifica-
tion, while sectoral data includes 15 service and manufacturing industries (shown in
table 1, coded by ordinal number). While for 13 highly developed economies (Aus-
tria, Czechia, Denmark, Finland, France, Italy, Japan, the Netherlands, Germany, the
United States, Spain, Sweden and the United Kingdom) both sectoral and aggre-
gated data were available, for Croatia only aggregated data is obtainable.
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Thus, the first part analyses observations of aggregate data for Croatia. In the sec-
ond part, a panel analysis was carried out for 13 countries — first of aggregate data
for 12 countries (UK missing), over 27 years, i.e. 324 observations. Sectoral data
were then analysed, for the country-sector (180 units), over 27 years, totalling
4,860 observations.

TaBLE 1
Description of sectors used in the analysis

Ordinal Sector name Database
No. code
1. Mining and quarrying B
2. Manufacture of food products, beverages and tobacco products C10-C12
3. Manufacture of textiles and wearing apparel C13-C15
4. Manufacture of wood and paper C16-C18
5. Manufacture of chemicals and chemical products C20
6. Manufacture of basic pharmaceutical products and preparations C21
7. Manufacture of rubber and plastic products C22-C23
8. Manufacture of computer, electronic and optical products C26
9. Manufacture of machinery and equipment n.e.c. C28
10. Manufacture of motor vehicles and other transport equipment C29-C30
11. Construction F
12. Transportation H
13. Information and communication J
14. Computer programming and consultancy, information service activities J62-J63

Public administration and defence, education, human health

15. . .
and social care activities

0-Q

Source: Author, based on Bontadini et al. (2023).
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All variables have been log transformed to better adapt to the linear assumptions
of the regression models used.

For this type of analysis, we optioned to use some of the methods that calculate
the long-term effects of certain variables on the variable of interest. In this sense,
model should also provide the use of time shifts of all variables, bearing in mind
the bias of empirical tests of a static nature that do not take into account statisti-
cally significant dynamic and time-persisting relationships between variables.

The formal explanation of the link between labour productivity and physical and
intellectual capital can be explained by a neoclassical production function. Most
commonly used is the Cobb-Douglas production function, which, for example,
Roth and Thum (2013) represent as:

Y =AK“L"IN” ¢ 1)

where Y is the production level represented by GVA, 4 is a constant, defined as the
technology or total factor productivity that is neutral in Hicks’ sense, i.e. does not
alter the distribution of labour and capital in production but increases their pro-
ductivity. KC are stocks of a sector’s physical capital, L are the total hours of work
of employees, ZN\ are stocks of intangible capital used in the production of the
sector and ¢ is the stochastic error component. Assuming linear homogeneity of
the production function (sum of the elasticity coefficients a, £ and # equals 1),
equation (1) can be corrected with the total hours of labour:

a B
L5 (2 o
L L L

with L7 /L=1"*""=L*" =1/L"" and n =1-a — . By log transforming
expression (2), it can be expressed as:

In (%j =IndA+aln (%j + fln [%j +¢ 3)

A
where In %j has already been defined by LP, /n (%) is K, while In TN is IN.

Equation (3) provides a good starting point for regression analysis of data for
Croatia and panel data for 13 highly developed countries.

The following is an explanation of the model estimation for Croatia. For an adequate
estimation of long-term impact of IN on LP, we use an autoregression model with
distributed lags (AutoRegressive Distributed Lag — ARDL). With the help of the ARDL
model, the dynamic specification provides long-term coefficients that best determine
the effect of IN and K on LP. Due to the small sample for Croatia, this model is also
useful because it allows different shifts of (non-)dependent variables, which leads to
savings in degrees of freedom. Defining ¢ as a time unit, such a dynamic model can, as
demonstrated by Kripfganz and Schneider (2023), be represented as:
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where ¢, is a constant, z; @,LP_, represents auto-regression structure of LP with p
shifts, while Z?:O B/x,_, shows the structure of the time distribution of effects of inde-
pendent variables with g shifts, whereby f, comprises coefficients of effect of K and
IN on LP to be estimated, while x, = (K,,IN,)" is the independent variables vector
comprising K and IN. The specification in (4) makes it possible to estimate the long-
term effects of K and IN on LP, just as Griliches (1995) suggested in the analysis of the
impact of capital investments on productivity. Such long-term coefficients can be
obtained by redefining the ARDL model in (4), and the model can be represented as:
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ALP, =c,—a(LP, —0% )+ >\ \$ALE .+ 3" fAx +u (5

where o is the coefficient with the error-correction member (EC), while 0 com-
prises long-term coefficients for K and IN. a and 8 can be defined as:

a=1-Y" 4) (©)
g 2ilt
[24
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(7

For the ARDL analysis, the Pesaran, Shin and Smith (2001) boundary test (PSS
Bounds test) is also important, indicating the existence of a genuine long-term con-
nection and not one driven by similar common trends through a process of spurious
regression. The null hypothesis of the test assumes that there is no long-term rela-
tionship between variables, and the test itself contains two steps. The first step meas-
ures the aggregate statistical significance of all coefficients of independent variables
via the group F-test, i.e. the significance of long-term coefficients, and the second
step measures the statistical significance of the error correction member parameter
o. At the same time, the t-test for a is not valid in the estimated model as ¢ statistics
for a does not have a standard distribution at null hypothesis, and the second step of
the boundary test uses adjusted critical values according to Kripfganz and Schneider
(2020) and approximated p-values for the t-test.

We now continue with the description of panel model estimations for thirteen
highly developed countries. Since the focus of the paper is on long-term impact
assessment, some of the methods of cointegration analysis can be used, adapted to
the panel data with a longer time component, which is potentially non-stationary.
Ditzen (2021) states that the model for assessing impact of IN and K on LP should
take into account the potentially significant dynamic structure of variables, i.e. it
should be able to shift all variables. Also, if not removed from the specification,
there may be cross-sectional dependence in model residuals, which may lead to
biased estimates. Therefore, an econometric analysis of the panel data was
selected, which takes all these problems into account.
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The panel ARDL model, identical to the one from the first part of the analysis, but
adapted to the panel data, is initially expressed, as per Chudik et al. (2013), as:

LP,=c+)." ¢, LB, + " Blx,  +e, 8)
whereby:
e, =0f +u, ©)
x, =L f,+v, (10)
i=1,..,Nandt=1, .., T are cross-sectional and time units. In addition, f, is a

m x 1 vector of unobserved common factors (m is the number of time shifts of
these factors), & is a vector of so-called heterogeneous factor loading associated
with LP, i.e. I'; is a matrix of heterogeneous factor loading associated with inde-
pendent variables (k is the number of independent variables). ¢, represents fixed
effects specific to cross-sectional units. Idiosyncratic components V;, of x;, are
under assumption distributed independently of #; . L., and vector X, are identical
to the first part of the analysis, only in the notation for the panel data. Unlike the
first part of the analysis, the model in (4) cannot be redefined directly to obtain
long-term coefficients, as the estimation of the equation by using the standard
least squares method will lead to a biased statistical estimation. This bias is cre-
ated by the structure of common factors defined by (9) and (10) (which is why
cross-sectional dependence appears in the panel data), i.e. the bias problem arises
due to the omission of an important independent variable (in this case /1) (Chudik
et al., 2013; Ditzen, 2021).

Chudik and Pesaran (2015) therefore propose a method that can estimate equation
(4) consistently, approximating common factors by adding cross-sectional aver-
ages as additional members to this equation. It can be shown that with the cross-
sectional component increasing, the addition of cross-sectional averages and its
shifts to the dynamic model, it encompasses Jand OLS (Ordinary Least Squares)
estimation becomes impartial (Chudik and Pesaran (2015) offer mathematical evi-
dence). According to their framework rule, at least i/? of the shifts of such aver-
ages should be added, where 7 is the time component for the available panel data.
An additional problem with the dynamic specification (4) is the shift of the
dependent variable leading to endogeneity due to the correlation of shifts with
previous realizations of the relation error, leading to inconsistencies of the OLS
estimator. However, Chudik and Pesaran (2015) explain that a specification with
additional members of cross-sectional averages also addresses the issue of endo-
geneity and becomes impartial if a sufficient number of shifts of such averages are
associated. In such cases, equation (4) can be formulated as:

4 q p= —
LR, =c + 21:1 $,LE, , + z,:() X Z,ZO ViZ te, (11)



The vector z, = (N ’IZ[IL x,, N ’1221 LP,) contains cross-sectional averages of 22 5
all variables connected to the model, where coefficients with cross-sectional aver-
ages within the vector y,, are usually omitted in the model results because they do
not have a clear interpretation. Therefore, equation (11) becomes well specified to
obtain long-term coefficients from such specification by applying the OLS method.
A model can then be written for the second part of the analysis as demonstrated by
Chudik et al. (2013):
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' p-1 q-=1 reoy =
ALP;‘,: =¢+ eixi,t +Z/:1 ¢iJALPi,t—I + Z,:O ﬂi,/Axi,t—/ + Zl:o ViiZio T e, (12)

where long-term coefficients are contained inside 6, = a; ' Z;’: o ﬂi » While coeficient
with EC member is defined as ¢, =1— Zf:] ¢,,. For now, 0, are shown heterogene-
ously by 7; however, an explanation is in order. To obtain more information on how
variables are connected, equation (12) is estimated in two ways for both data levels.

The first concerns the estimation of model (12) with the assumption of homogene-
ity of long-term coefficients, i.e. 6. In such cases, equation (12) is estimated
through the DCCE-PMG (Dynamic Common Correlated Effects — Pooled Mean
Group) estimator, which calculates one pooled long-term coefficient for K and IN
based on panel data, while short-term coefficients for K and IN are individually
estimated by cross-sectional units, and their significance is measured on the aver-
age of these short-term coefficients per unit.
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The other method refers to the estimation of equation (12) with the DCCE-MG
(Dynamic Common Correlated Effects — Mean Group) estimator, which evaluates
the individual equations for each cross-sectional unit, taking the average for each
coefficient per unit and measuring the correlation of variables with this average
coefficient value. This ensures the heterogeneity of model coefficients, i.e. the
possible significant heterogeneity between cross-sectional units is controlled. The
significance of effect of K and IN on LP is measured by average long-term coef-
ficients 6,,, = N' ZL 0,

We should also explain how the level of cross-sectional dependence is determined
in panel data. The estimation of cross-sectional dependence is tested using the Pesa-
ran CD (Cross-sectional Dependence) test, whose results are important because
they show how well the influence of cross-sectional dependence has been removed
in the model by the addition of cross-sectional averages. Test may also be important
before the model estimation, as an indicator of the need to include cross-sectional
averages in the model. The null hypothesis of the Pesaran test is that the errors of the
relation ¢, , of the test equation without cross-sectional averages are weakly cross-
sectionally dependent, while the alternative hypothesis assumes strong dependence.
Pesaran (2004) proposes the following test statistics:

D= i (20 E.A) (13)
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where the estimated correlation coefficient is:

T A A
thlei'eit

Py =Py = (14)

172 172
S (e
(=11t =1 Jt

Chudik, Pesaran and Tosetti (2011) define the first type of weak cross-sectional
dependence of errors as follows:

1o

}}Eoﬁzf:1|9i|=0 (15)
Another, stronger version at a specific constant K, independent of N, where for
any large enough N, is defined as:

lim LY 1y 15 K50 (16)

Cross-sectional independence is here defined as 6 g, = 0Vi. Other factors are for-
mulated in a similar manner. Since cross-sectional independence is in itself an
excessively restrictive assumption, only a strong dependence defined with an
asymptotic definition in (16) is problematic (Pesaran, 2015). In such a case, unbi-
asedness and consistency properties of the estimator will be violated, because the
structure of the model residuals will show a strong correlation through cross-sec-
tion units, and these errors will no longer be independently and identically distrib-
uted. In fact, unobserved common and heterogeneous factor loadings will be part
of the error member of the relation ¢,,. In this case, the problem of bias arises
because important independent variables have been omitted (omitted-variable
bias) and the observed explanatory variables will be correlated with unobserved
common factors. By rejecting the null hypothesis of the Pesaran test, the OLS
estimation becomes inconsistent (Everaert and de Groote, 2016).

The Pesaran test shall be performed prior to the use of an estimator with CCE factors
to determine whether there are cross-sectional dependencies in the data (shown in
the main results table). A model with CCE factors is then used and the test is applied
in a standard way after modelling has been performed in order to obtain information
on the representativeness of estimates. Model estimation follows.

4 RESULTS OF EMPIRICAL RESEARCH

4.1 RESULTS OF ANALYSIS FOR CROATIA

Before the model estimation, it is important to obtain basic information about the
time series of variables, and above all about the presence of unit root in the series.
Indeed, the estimation of the ARDL model allows a combination of variables that
are integrated and of orders 0 and 1, i.e. both variables that are stationary in levels
and those that are stationary after the transformation in the first differences but does
not allow analysis with variables that are also 1(2) (integrated to the second order).
In case of 1(2), the OLS method encounters estimation difficulties. Also, if all vari-
ables are 1(0), the purpose of calculating long-term coefficients is questionable. For



this purpose, the Augmented Dickey-Fuller test (ADF) of the unit root is used, 2 27
where the null hypothesis of the test assumes non-stationarity of the time series. The

test results (available on request) suggest that the K, IN and LP variables are all I(1),

allowing the analysis to continue. Table 2 shows model results with estimated long-

term coefficients.

For Model (1), the results indicate a long-term significant relationship between K
and LP at all standard levels of significance, with EC being of the correct sign and
implying a 60.4% reduction of imbalance in the first year. The results of the PSS
test also indicate long-term correlation of variables, with long-term parameters
being significant at the level of 10%, with the EC member reaching significance at
the level of 5%. On the other hand, the results indicate that the long-term coeffi-
cient with IN is not significant. In the model variant without K, the long-term
coefficient with IN is still not significant, while the null hypothesis of the PSS test
cannot be rejected, which indicates that there is no real long-term link between
intangible capital and labour productivity in Croatia.
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Model estimation with long-term coefficients, Croatia

@ @
Long-term coefficient (IN) (0002862?; © 2051;
kokok
Long-term coefficient (K) ( 00136981)
. -0.604*** -0.159*
“ (0.163) (0.084)
~ *
Short-term coefficient (IN, 7) (00;1611)
Short-term coefficient (IN, 7 — 1) ( 002(3‘53;
. -0.509*
Short-term coefficient (IN, 7 —2) (0.244)
Constant 0.398%%* 0.301%*
(0.147) (0.16)
R? 0.499 0.148
Autocorrelation 0.077 0.354
Heteroskedasticity 0.404 0.579
PSS test (F test) 4.789* 1.827
PSS test (t test) -3.698%* -1.898
Observations 24 24

Note: *** ** * pefers to rejection of the null hypothesis at 1%, 5% and 10% level of significance
respectively. The optimal number of shifts for models was selected based on the Akaike informa-
tion criterion. For diagnostic model verification, we used Breusch-Godfirey LM test for autocor-
relation of errors (null hypothesis: no autocorrelation) and Cameron and Trivedi decomposition
of IM-test for heteroskedasticity (null hypothesis: homoskedasticity). For diagnostic tests, p-val-
ues are shown. For the PSS test, test sizes are specified.

Source: Author’s own calculations.
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To further establish the relationship between variables, the Engle-Granger (1987)-
type procedure was carried out in two phases. The results (available on demand),
in the variant with and without factor K, indicate that the variables are not long-
term related, as the residual time series in both variants of long-term relationship
are non-stationary and indicate different long-term dynamics. Also, the results of
the error correction model suggest a short-term significant effect of K on LP, but
not on IN. Although the results obtained are based on a limited sample, they nev-
ertheless systematically imply that K significantly influences labour productivity
in Croatia. Conversely, the effect of IN on LP is not statistically significant in any
variant of different specifications, indicating that there are no adequate conditions
for additional productivity growth based on intangible capital. The results obtained
will be compared with estimates for highly developed countries.

4.2 RESULTS OF PANEL ANALYSIS FOR HIGHLY DEVELOPED ECONOMIES
Here again, performing the unit root test is useful for analysing long-term relation-
ship of variables, because the reasons explained in the first part also apply to the
panel analysis. Here we use the Pesaran CIPS test (Cross-sectionally augmented
Im-Pesaran-Shin), which assumes the possibility of cross-sectional dependence.
Test results (available on demand) suggest combinations of I(0) and I(1) variables,
i.e. none of the variables are 1(2). The results of regression models follow, first for
sectoral data of the estimated DCCE-PMG and DCCE-MG methods (table 3).

Model results based on DCCE-PMG estimator indicate that long-term coefficients
at K and IN are positive and significant (IN is significant even without the inclu-
sion of K). The estimator with the EC is significant and with a negative sign, as
expected. The results of the Pesaran test indicate that the decision to remove
cross-sectional dependence from the residuals of the estimated models in the
PMG variant and to include cross-sectional averages was correct. In the model
variant without the CCE factor, the null hypothesis is rejected, which implies a
significant level of dependence in model residuals. Conversely, after the inclusion
of cross-sectional averages, the null hypothesis cannot be rejected, and the result-
ing estimates can be considered unbiased.

For the DCCE-MG model, which assumes the heterogeneity of long-term coeffi-
cients (Model (3)), coefficients with K and IN are no longer significant. However,
as the null hypothesis of the Pesaran test is rejected, these results cannot be con-
sidered reliable. On the other hand, in the model variant without K (4), the coef-
ficient with IN is significant and positive, and cross-sectional averages effectively
remove dependence from residuals, as indicated by the Pesaran test.



TABLE 3 22 9

Model estimations with long-term coefficients, sectoral panel data for thirteen highly
developed countries

DCCE-PMG DCCE-MG
(€)) (0] 3 “
. 0.144%** 0.295***  -0.405 0.666**
Long-term coefficient (IN) 0.02)  (0014)  (1.118) (0.299)
. 0.326%** 0.289
Long-term coefficient (K) (0.018) (0.56)
N -0.493%**  _0.423%**  _1.041%**  -0.661%**
“ (0.019) (0.023) (0.088) (0.0381)
. 0.158%* 0.337%** 0.23 0.297%**
Short-term coefficient (IN) (0.095) (0.037) 0.194)  (0.0391)
. 0.104 -0.262
Short-term coefficient (K) (0.094) (0.196) 3 % é
R 0.3 0.47 0.82 0.65 g 5 5
Pesaran test (no CCE factor) 53.6%%* 83.04%** 42.93%** ST*** 5 E 5
Pesaran test 0.82 0.26 -2.03%* -1.09 58
Country-sector 180 180 180 180 z 5 E
3¢cg
Observations 3,780 3,780 3,780 3,780 g& g
Pedroni test Ep
P Combined Heterogeneous (group) : E
t-test -3.882%% -4.493 %% 28
o =
ADF-test -3.087*** -5.004**%* -2
7~
Note: **% ** * pefers to rejection of the null hypothesis at 1%, 5% and 10% level of significance 3 ;
respectively. The estimated model coefficients are provided. Standard errors are specified in parenthe- § g
ses (for pooled coefficients at (1) and (2), clustered robust standard errors (per unit) were calculated). s

R? is the coefficient of determination. The optimal number of shifts was selected based on the Schwarz
information criterion for each individual dynamic model of 180 countries-sectors, and the most fre-
quent shifts were selected for all specifications. All details of model results, tests and sequential use of
the information criterion for obtaining information on optimal shift structure are available from the
author upon inquiry. Three shifts of cross-sectional averages of each variable were added for each
model as per rule T Due to the pronounced cross-sectional component in relation to time, a recur-
sive average correction is used to reduce bias resulting from a smaller pattern of time series in such

a panel structure modelled on Chudik and Pesaran (2015). This correction removes the partial mean

1

. . ~ t_l . .
from all variables, where @,, = @,y ——— z 1 @ and ,, includes all variables except the con-

stant. The Pedroni (2004) test provides information on stationarity of residuals of the initial model, in
order to determine the significance of long-term relationship. The null hypothesis assumes that there
is no long-term relationship for all panels, while the alternative of the test is divided into two types:
pooled (by rejecting the null hypothesis, there is a long-term relationship for all panels) and hetero-
geneous (by rejecting the null hypothesis, there is a long-term connection only for some panels). The
Pedroni test included a constant and was performed on all included variables.

Source: Author’s own calculations.

The results of the Pedroni cointegration test are shown at the bottom of the table.
In both the combined and heterogeneous model variants, the test statistics indicate
the rejection of the null hypothesis which assumes the absence of long-term rela-
tionship (assuming the non-stationarity of model residuals). Based on all these
results, we can conclude that for sectoral data in the panel of highly developed
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countries, the impact of K and IN on LP is significant. For further examination of
sectoral results, the appendix (table A1) provides additional dynamic and static
estimations, which mainly support additional findings of DCCE-MG and DCCE-
PMG estimators, especially as regards the long-term impact of IN on LP.

The following are estimates of aggregate data from the same set of countries (only
without the UK) (table 4), which are used to further compare the results. As with
sectoral data, aggregate data estimation models using PMG variant methods point
to long-term significance of coefficients IN and K, and the results of the Pesaran
test again point to effective elimination of cross-sectional dependence by adding
cross-sectional averages to equations. The results of the Pedroni test in the pooled
variant support the conclusions of the model on significant long-term relation.

On the other hand, results of the version using MG estimator are not so clear.
Specification (3) with K and IN included shows no significance at .. Variant (4)
without K shows significance of the positive long-term coefficient, but the results
of the Pesaran test fail to point to a single conclusion. However, the results of the
Pedroni test in the heterogeneous version support the conclusion on long-term
connection between variables. All of this, together with findings of the models
using sectoral data from highly developed countries, point to a positive and sig-
nificant long-term effect of both K and IN on LP.

TABLE 4
Model estimations with long-term coefficients, aggregate panel data for twelve
highly developed countries

DCCE-PMG DCCE-MG
a () 3) “

. 0.583%%* 0.922%%*  -1.224 0.625%**

Long-term coefficient (IN) 0017) (0014  (4169)  (0.133)
$okok

Long-term coefficient (K) ( 0005222‘; (33'673157)
N S0.417%%%  -0.176%%%  -0.677%**  -0.501%**
« (0.007) (0.012) (0.179) (0.104)

. -0.24 0.537%%%  -0.677%** 0.321%**
Short-term coefficient (IN) (0.144) 0.12) (0179  (0.137)

. 0.645%*%* -0.576%**
Short-term coefficient (K) (0.142) (0.176)
R? 0.02 0.06 0.98 0.97
Pesaran test (no CCE factor) 13.67*** 15.12%%* 14.21%** 14.33%**
Pesaran test -0.62 1.36 -1.14 1.84*
Number of countries 12 12 12 12
Observations 264 264 264 264
Pedroni test

Combined Heterogeneous (group)

t-test -1.932%%* -1.729**
ADF-test -2.152%* -2.876%**

Note: ¥** ** * pefers to rejection of the null hypothesis at 1%, 5% and 10% level of significance
respectively. Models with aggregate data do not use recursive correction of average values. For
other details, see note under table 4.

Source: Author's own calculations.



5 DISCUSSION AND CONCLUSION

The methods used and the results obtained from the estimated models with data for
Croatia and panel data from highly developed countries indicate potentially impor-
tant differences in the contribution of intangible capital to the growth of labour pro-
ductivity in these economies. Estimates indicate that labour productivity in Croatia
is affected more by physical rather than intangible capital per hour. On the other
hand, comprehensive model estimates with panel data for highly developed econo-
mies indicate a significant impact of both types of capital on long-term productivity.
This means that in an equilibrium state (where variables are not liable to short-term
shocks), the unit increase in intangible capital per hour of work does not have a
significant lasting effect on labour productivity in Croatia but does so in advanced
economies. Clearly, the role of institutional and development factors that enable —
productivity to grow is important, both through physical and intangible capital.
More favourable institutional and development conditions and environment favour
the use of intangible capital, which leads to faster productivity growth and thus
faster real income growth per capita. This can partly explain differences in the level
of economic development of Croatia and selected highly developed countries.
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In the case of Croatia, only significant channel of productivity growth through K
can lead to a stagnation of productivity growth when the country reaches the level
of development at which further investment in physical capital brings little mar-
ginal benefits for productivity. Therefore, without the significant role of the IN
channel, neither continued long-term productivity growth nor higher income per
worker can be expected. This is also indicated by the research referred to in the
literature review.

Furthermore, applying intangible capital to the economy requires a high level of
human capital and a development environment that will encourage companies to
make the structural investments necessary to increase productivity. The state
should therefore establish a stimulating institutional and development environ-
ment necessary for the growth of labour productivity and economic development.
The results of this empirical survey can be compared to the latest edition of the
Global Innovation Index for 2025 (GII), which can partially mirror the institu-
tional success of a country, as it explains the development of its innovative capac-
ities (WIPO, 2025).

Croatia ranks 40" among 139 countries in the Global Innovation Index. According
to the sub-components of this Index, Croatia has particularly poorly developed
key institutional support (65" place), which indicates that more developed formal
institutions, including practical efficiency of regulatory processes, would facilitate
investment and growth of investments in intangible capital and lead to potential
productivity growth. Furthermore, equality of all companies before the law (which
again indicates the importance of formal institutions) would allow for a greater
number and capacity of newly created fast-growing enterprises whose intangible
capital investments would lead to their higher productivity and returns, which
would have a positive impact on the whole economy.



2 3 2 Furthermore, Croatia ranks relatively poorly both in business (53 place) and mar-
ket (54" place) sophistication, indicating a lack of adequate basic sophisticated
infrastructures for further productivity growth based on intangible capital. There-
fore, the public sector’s contribution to the development of intangible capital is
essential, or as Aghion and Howitt (2006) state, well-designed economic policies
that will stimulate growth of IN (subsidies, tax breaks and reliefs) are essential.

@ o5
Od

In more practical sense, Croatia as EU member state should consider a more effi-
cient and structured decision-making process on how to spend assets from EU
development funds. Related to the market sophistication rank, the development of
financial markets could contribute to the relocation of labour and capital to the
most efficient and most innovative but potentially risky companies is also very
important (Aghion and Howitt, 2006).

(9202) 0tz

This would stimulate the growth of IN and hence LP. Furthermore, 40" position in
human capital rankings indicates that further reforms of the higher education sys-
tem leading to higher levels of human capital, necessary for effective use of IN,
are needed, as indicated by the papers cited in the literature review.

SYOLOVA INTFNIOTIATA ANV

The introduction of such development policies in the long run could help reduce the
productivity gap and speed up Croatia’s convergence towards the average real
income per capita of the most developed EU member states. On the other hand, the
sampled advanced countries from this study are ranked as follows: Sweden (2),
United States (3), United Kingdom (6), Finland (7), Netherlands (8), Denmark (9),
Germany (11), Japan (12), France (13), Austria (19), Italy (28), Spain (29); and
Czechia (32). These rankings point to their superior institutional development,
which is then evident in the results of the econometric analysis which are in line
with important theoretical findings on the role of the institutional environment on
productivity growth and the economic development (Aghion and Howitt, 2006).
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Therefore, arguments built by this research, according to which institutional
development positively influences the transition of productivity growth based on
accumulation of physical capital per worker (or hours) with a parallel imitation of
technologies already created towards intangible capital and the creation of new
innovations (Acemoglu, Aghion and Zilibotti, 2006), are partially confirmed by
the results of econometric analysis and supported by the results of the GII. How-
ever, without further empirical testing and adequate analysis of institutions and
the historical and cultural context, we should be careful when discussing the
causal role of institutions and intangible capital in productivity growth.

However, looking at A1 charts, the results and model estimates in this paper are not
surprising, because in the last available year (2021) and during the period 1995-
2021, Croatia was almost continuously at the bottom when looking at the intangible
capital stock when compared to highly developed countries in the sample. These are
significant deficiencies in infrastructure and development conditions necessary for



a significant effect of IN on productivity, which can also be seen in the trends in 233
labour productivity per hour during this period (figure A2). Croatia is constantly at

the bottom relative to this criterion as well in comparison with highly developed

countries.

Finally, the shortcomings of this, as well as possible recommendations for further
research, should be noted. First, an important control variable — the level of human
capital explaining the important link with intangible capital in the contribution to
productivity — was omitted. However, as sectoral data are also used in the paper,
the calculation of such an indicator would be too demanding at the moment.
Therefore, the impact of human capital levels on labour productivity and the
impact of patents and innovations should be analysed in future works, especially
in Croatia where this has been poorly investigated. Furthermore, with the help of
sectoral data, the link between K and IN with LP could be investigated in a more
detailed and precise way, for which it is necessary to build adequate databases for
sectors or even companies in Croatia. Finally, it is necessary to note that the data
used in this study from the EU KLEMS database, while highly useful, are undoubt-
edly subject to statistical errors and inaccuracies. They should therefore be
regarded as approximations of capital stock and productivity. Nevertheless,
researchers will likely recognize that the data presented in this database do not
differ substantially from other comparable sources available.
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APPENDIX

TABLE Al
Additional dynamic and static estimations of the equation of effect of IN and K on LP

Data by sector

GMM OLS
) (€] 3) “@
Lp 0.691%*%** 0.669%***
=l (0.147) (0.0530)
K -0.154 0.00562 0.438%** 0.191%%*
(0.594) (0.0222) (0.0842) (0.00771)
IN 0.211* 0.166%** 0.376%** 0.263%%*
(0.124) (0.0279) (0.0565) (0.00628)
R? 0.438 0.509
Instruments 8 10
AR(1) 0.002 0.000
AR(2) 0.187 0.172
Sargan test 0.241 0.093
Hansen test 0.141 0.116
Country-sector 180 180 180 180
Observations 1,440 1,440 4,860 4,860

Note: *** ** *pefers to rejection of the null hypothesis at 1%, 5% and 10% level of significance
respectively. Estimated model coefficients are presented (numbers in brackets represent standard
errors corrected by Windmeijer's (2005) two-stage variance and covariance matrix corrections
for (1) and (2), while clustered robust standard errors are used for (3) and (4)). AR(1) and AR(2)
refer to the first- and second-order serial correlation Arellano-Bond test. Sargan and Hansen are
tests of preidentified restrictions (the null test hypothesis is the validity of instruments, i.e. con-
ditions per moment, meaning there is no expected link between instruments and relation errors).
P-values are shown for the tests.

R? is the coefficient of determination. Models (1) and (2) were estimated based on the system
Generalized Method of Moments (GMM) estimator of the dynamic panel model using the method
with the expanded instrument variation proposed by Blundell and Bond (1998). Model (3) is an
OLS estimator with fixed effects, while (4) is a pooled OLS estimator. For dynamic models (1)
and (2), the transformation of forward-orthogonal deviations was used to address the impact of
fixed effects. Due to the issue of endogenous shift of the dependent variable in (1) and (2), inter-
nal instruments of the dependent variable shift transformed by orthogonal deviations are used

for (1), while internal instruments are used for (2) in addition to the standard ones (cumulative

physical capital of the sector, total annual hours of work of the sector’s employees). For GMM
estimators, the collapse option is used to stop over-proliferation of instruments (Roodman, 2009).
For models (1) and (2), 3-year averages for the period 1995-2021 in 180 countries-sectors are
used to improve the functionality of GMM estimators at the short time component.

Source: Authors own calculations.
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Labour productivity measured in gross added value per hour of work, in euros and

permanent prices (1995-2021), all NACE Rev. 2 activities

FIGURE A2
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