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Abstract: Industrial revolutions are causing unprecedenteshges in the country’s economy. These changedriaen
by new technologies and innovations. This is prilpdrased on the growing importance of intangitdsets. These are
the main characteristics of the ongoing industr@alolution. In the absence of a precise definiteond indicators
quantifying Industry 4.0, intangible assets arespneed to be the common basis of determinants afstng4.0. This
paper presents the theoretical basis for determirive Industrial Revolution. Comprehensively ddmsi the
determinants of the accumulation of intangible sdmplementing a panel regression technique witidom effects
shows the results. We identify the factors unlogkhe accumulation of intangible assets. Thisimarily in the area of
government direct and indirect support for investiie R&D and other innovation assets. Also, ial®ut creating the
environment to encourage private investment inviation assets, intangible ICT assets and econoonipetencies

1 Introduction and theoretical background World Economic Forum in Davos. Industry 4.0 was
1.1 Industrial revolution in history initially defined as the German Federal Repubtit'ategy
The first revolution with the industrial label istéd to for the computerisation of production under theoagm
the period 1760 to 1820. At that time, there walsififrom ' /ndustrie 4.0". The introduction of this initiagvwas
manual production to machine production, throughuge Mainly due to the decline in industrial productiand
of water and steam power. The second revolutisg alProductivity, paradoxically in the most industrall
known as the technological revolution (1870-1914)s developed countries. The latter expect it to insgeglobal
characterized by productivity growth and as a ko6 compe_tltlveness, gspemally in rela_tlon_ to the.akbed
great economic growth. A major milestone was th€Merging economies. Th_e main objective of this ephc
invention of electricity, which provided the eldfication ~ Was to help re.bm!d and increase the. performancthef
of factories and the operation of the modern prodnc European Union's industry, i.e. 'reindustrialisatio
line. Other benefits of the revolution were devetept of Puilding on the EU's industrial tradition and itew
the international specialization of labour, theemsive Innovative potential [3]. The validity of this iftive for
development of the railway network and the develepm EU industrial policy is also confirmed by the Eueap
of the telegraph. This allowed for a faster flow ofcommission in its 2012 strategy paper [4].
information, goods and peoples. However, a negative
phenomenon of such rapid changes was the increaseli2 . Industry 4.0
unemployment, which was the result of the gradual It is important to note that more than a hundrearye
replacement of labour activities by machines, whield ~Passed between the first and second industrialuteos
previously been carried out by man [1]. and on_ly thirty years between.the thl_rd and thesgme
The third is the digital revolution, otherwise knowas revolution. We are already seeing rapid progresserno
the data revolution, which is being implementedato ess online. The assumption is that this trend pabk
greater extent and in a different form today. Sigant Within the next decade. The current setting of nedbgy
advances in information and communication technplog!se in everyday life is a dramatic step in socgtyogress
(|CT) and Computing are Occurring [z]here iS a massive and is unprecedented in all of hiStOfy. It is n@santial to
use of computer and communication technologies inderstand Industry 4.0 in a global context, as thi
manufacturing processes. Thus, machines have cstarteansformation will be as fundamental to humanitgeirms
replacing the need for human power. At the same,timof scale, scope and complexity as no other teclyfib
there is a decline in industrialization comparegrevious change in history [5]. _
revolutions and the emergence of services. Professor Schwal6] confirms that a range of new
The fourth industrial revolution is referred to adechnologies will constitute an industrial revobuti The
"Industry 4.0". It was introduced in 2012, but onyme to Merging of the physical and the intangible, i.e dgital

the attention of the general public in 2016 througa World, will affect all disciplines of the economynd
industry. The current industrial revolution is thely one
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among the three previous revolutions that represant enterprise is its intangibles and the process déieva

planned concept that is stimulated by the state.mhin creation in firms. This is largely created and s by

objective is the development of industrial prodoiti intangibles. The position of intangibles in capial is

Industry is a crucial sector within the economy,iss theoretically complemented (h¥4].

decline, development or modernisation affects the A comprehensive theoretical and methodological

direction of the whole economy and other spec#ictars insight into intangible was laid down by the worés

of the economy such as trade, transport, and offiers [6,15], which have established a stream of litemtu
Industry 4.0 also includes the integration of bass1 highlighting the role of intangibles and also pd®sian

partners and customers around the world. Its eggectextensive analytical summary of this area of rededrhis

benefits are highly efficient manufactures that arhas been followed by the development of multipleans

coordinated in real time. This lead to the emergarimew of literature addressing the impacts and effects of

services and business models. There is a consenthes intangibles [16].

professional, not just academic, community on #fenihg This form of capital, is an increasingly commonnfor

manifestations and trends of the fourth-generatioof corporate investment and a key contributor tmgh in

industrial revolution. These include new materitie, use advanced economies. According to fthé], intangibles do

of 'big data’, the Internet of Things and the Imé¢rof not have a physical form and include the followassets

Services, atrtificial intelligence, sensors and wgbips, shown in Figure 1.

cyber-physical solutions and new systems, new

technologies and innovations, automation and auong Figure 1 Intangible assets classification

production, robots, ‘clouding’, 3D printers, vittuend

augmented reality, and so on [8].

The use of next generation technologies is curexttl [ - .

Intangible assets

ahn ear_ly |Stage Tdrl]dhwe only hk.now \;]wth fL(;Herlta.mté/ the Intangible Innovative Economic
theoretical potential they can achieve when . pleited. ICT assets property competencies
According to [7] in terms of the so-callégnara's Lawwe

tend to overestimate the impact of new technologthé Source: own elaboration based on Corrado et al.(201

short term and underestimate it in the long term.

Nevertheless, it is difficult to underestimate theure Accurately quantifying the accumulation of intarigib
global impact of Industry 4.0, which will occur imost is not at all straightforward, as is the case,ggample,
areas of business, socio-economic, tax, consum&ith tangible or financial assets, the price of ebhiis
behaviour, employment, education and other areps [@etermined by trading in the market. In the case of
From our perspective, an important complexntangibles, the vast majority are accumulated by
macroeconomic aspect that stakeholders need tanerepenterprises through internal research and developriiee

for is the question of how to ensure attractiverass components of intangibles also include human cagite

competitiveness for new investments. organisational knowledge, which are difficult toagtify
as they are specific assets for a particular engerpr type
1.3 Accumulation of intangible assets of enterprise. Therefore, the most common datacsgtine

Recent decades have seen a gradual shift awaytieom National Accounts, only report assets that havertain
view that a firm's competitive advantage is prifyasased Mmarket capitalisation, or assets that are deriverh fits
on size and strength, towards the view that itaiseld on costs. The industrial revolution and the developmen
intangible assets (intangibles). This shift andekistence ICT are causing the accumulation of assets to sift
of such a view is at the core of the evolutiondwgory of intangibles. Currently, the rapid rate of accuniatatof
the firm according to [10]. The firm is viewed a&sacial ~intangibles is rapidly moving away from the volurog
community whose productive knowledge definesaccumulation of tangible48].
comparative advantage. This theory is based on the According to [15], the accumulation of intangibles
principle of differential capabilities and the onjgational identified as one of the main determinants of iratimn
structure of firms, which are defined by the lewdl and growth. This assumption is already confirmedHsy
knowledge. A fundamental characteristic of thigndogenous Economic Growth —Models, which
knowledge is that it is not transferable betwedfedint €mphasized knowledge and skills as the main deternts
enterprises. [11] presents that it is the distitoutof —Of economic growth. They also include the assumpib
knowledge in the economy that influences thépillovers, which in the context of knowledge ardlls
heterogeneity of economic behaviour and governsvthe generate sustained economic growth [19,20]. Itds/ n
in which competition is conducted. This distribmtiof ~€vident that the accumulation of intangibles hédpbuild
knowledge is realized in the form of intangibleg][IThe knowledge economies. The area of quantifying intzlag
important role of intangibles in companies was alge IS relatively complex, as it is difficult to corc
realized at the beginning of the last century. &sér determine what else can be considered as an ingattm
Veblén [13] argues that the essential basis ohdnstrial ~ intangibles. The acquisition of any intangibleselonly
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two forms. Either it is acquired by acquisitiorg.iby
purchase from other entities, or it is the resdlttte
enterprise's own research activities.

21 Empirical strategy
Implementing Hausman's panel robustness test23],
confirm the panel fixed effects regression. The afséhis
empirical strategy is consistent with the structafehe
1.4 Determinant of accumulation of intangibles  data and is consistent with the econometric pragedu
Thum-Thyserj13] defined four basic determinants thatthe study e.g. Thum-Thysen [138ince we are working
affect the accumulation of tangibles and intangblEhe with longitudinal data, the chosen method is sigtdbr
first determinanis government and public sector supportcapturing long-term trends and relationships. Tialso
which we disaggregate into direct and indirect supp true given the data used, where longer time semesa
Direct support includes grants and incentives ta small number of variables are used in the model.
directed towards the accumulation of intangibleslirect We confirm that the overall panel is robudthe
support comprises determinants whose change mbgnchmark equation is based on the neoclassical and
indirectly affect the ability of firms to invest.dfe we acceleration models of IMF [24] and the extendedieho
include the tax burden. The positive impact of somef Thum-Thyser{13]. Intangibles accumulatioh(1) is a
policies that stimulate the accumulation of intdaheg, function of capital stockhK,_: (2), where we include a

g N ct—j
primarily R&D, has already been demonstrated. Theee |agged effect as we account for potential slow tehpi

we expect that direct and indirect government stpan  adjustment and a possible endogeneity problem. We
stimulate investment in intangibles. Theecond denote this lagged effect by one year as j.

determinantis the macroeconomic stability and financial
conditions of enterprises. Macroeconomic instapilg
generally a barrier to all types of investment,luding
those in intangibles. As a proxy for macroeconomic
stability, we use the long-term interest rate, \Whic
determines the ability of enterprises to financeirth
business in the long term. Financial soundnessepts
the ability of enterprises to invest. We use that tteequity
ratio as a proxy for financial health. We assumat th . i .
macroeconomic stability and financial condition|wihve ~Combining the equations and then dividingRy_;.
a positive impact on the accumulation of intangiblehe ~ Using the fixed effect and the lagged effect by yewr, the
third determinants quality of human capital. According to following equation (3) comes out with the matheiglti
Thum-Thysen [13], most types of intangibles are anm Prescription:

capital intensive. We use the share of tertiaryeatkd

I = 2§=0 Wi AKS i+ 8Ky

ct—j (1)
The model is based on the assumption that changes i
capital are proportionally related to changes ionemic
output:

K; )

ct—j

=CcAY,;

people in the total population and the share ofleyaes Lot —y 4 YaB, AV et (3)

working in R&D and technology as a proxy for theatiy Ket-1 T Ker '

of human capital. We assume that an increase iguéality AGVAGe_;

of human capital will have a positive impact ontfier ~Where,——— represents the accelerator, expressed as a

accumulation of intangibles. THieurth determinants the

regulatory framework. There are now a number of

ct—1
ratio of gross value added (lagged by one yeaiptal
apital accumulation. We then extend the modeidtude

empirical studies that look at the effects of rajoh on  gther potential factors that may affect intangibles

trade, markets, business and labour. These incliade, accumulation following the model used in Thum-Thyse

example [21,22]. We expect that the introductiome® [13]. Our benchmark equation is shown in the folluyv
regulations will have a negative impact on thequation (4):

accumulation of intangibles. We primarily obserabdr
regulation, via the EPL (Employment Protection

on, InYIPTINTG = q, Accelerator, ,
Regulation) index.

+Z B, In K3t
2 Methodology and data qeQ

In this section, we present the chosen empirical+z B, ané"I‘iC{O&Fi"“"CE+Z B, In k. mem copteat

strategy, i.e. econometric panel regression. Wepnékent qeQ qeQ
the data used and their adjustment. Based on #wops n Z B, In K Regulation
section, we define the following research questions 47 ot

+a,InSERV, ,_; + a3InGHR ,_; + 6., + &, 4

1. Which factors will have a positively influence on
the intangibles accumulation?

2. Which factors will have a negative influence o
the intangibles accumulation?

yvhere, ¢ = country, t = timdnY/"'NT¢ represents the
dependent variable as the share of intangiblesotal t
capital stock. We complement this model with andatbr
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of servicification and participation in global valehains

(GVCs). Knowledge-intensive economies have becon

progressively more service-oriented. Industrialdpation
is largerly carried out within GVCs. Global valubains
are becoming more serviced and the industrial sasto
incorporating more and more services, which coul
indirectly increase the role of intangibles in thdustrial

sector. We implement this extension of the model f{
the degree ¢

include a variable that indicates
servisification of the economy. In next section endetails

Table 2 Descripitve statistics

on the variables used are presented.

2.2 Dataused

We use the 4 categories of determinants defined
Thum-Thysen [13] as explanatory variables. Theda d3 gp[

along with the sources are shown in Table 1.

Table 1 Variables used description

Variable Definition Source

Accelerator| Share of gross valu&U-
added and total capitalKLEMS/
accumulatior EUROSTAT

State support and public and private sector

Source: own elaborations

In Table 2, we present the descriptive statistice
variables used. The total number of observatio&2s

ne Mean | St. Median| ST.
errol deviatior

TOTINTG/ 0.383 | 0.014 | 0.254 0.279
Capital stoc

dAccelerato 0.001 | 0.00C | 0.00C 0.00z
GHR 3.351 | 0.60C | 0.457 11.2€

OCIT 0.28¢ | 0.004 | 0.28C 0.07¢€

fGERLC 1.77€¢ | 0.047 | 1.74¢ 0.87¢
GOV _RLC 0.604 | 0.011 | 0.59¢ 0.20z
Interes 4.83¢ | 0.141 | 4.50C 2.637
D/E 5.13C | 0.221 | 3.85: 4,137
PHD 22.84 | 0.44¢ | 22.6C 8.41¢

O¥ciecn 23.01 | 0.347 | 22.5C 6.514

2.617 | 0.037 | 2.57¢ 0.692

SERV 0.61% | 0.00z | 0.617 0.05C

Source: own elaborations

In total, we use data from 16 EU countries. Theetim
series is from 1995 to 2016. We used sectoral et
were fully complete up to 2016. The EU-Klems daszba
updates the data regularly. In the econometricyaiglwe
identify the factors that affect the accumulatiofi o

CIT Indirect support 1 OECD intangible assets. The available data are sufficten
Statutory _corporatio illustrate important trends, which are supportecéyeral
GERD Direct-Total R&D| EUROSTAT scientific studies. We draw data on intangibles
expenditure (including accumulation from the INTAN-Invest [6,25] and
private) / GDP EUKLEMS database [26]. For the standard error, we
GOV_RD | Direct - GovernmentEUROSTAT observe very low values relative to the mean, drm t
R&D expenditure standard deviation is quite low, which tells u the data
(excluding private) are mostly close to the mean. We present the sestithe
M acr oeconomic stability and financial condition regression analysis in the following section.
Interest Long-term interest rate  Ameco
D/E ratio Debt-to-equity ratio OECD 3 Reallts ) . .
- We use the accelerator as the main variable, wilich
Human capital the ratio of gross value added to total capitalemdation.
PhD Share  of tertiaryr EUROSTAT This is the indicator that links investment and potit
educated people in the Among the explanatory variables, we also include
total population 2-64 intangibles that are not included in the Nationatdunts
Science Share  of  peopleEUROSTAT of countries, such as Economic Competence. Thismak
working in R&D and the analysis more detailed and allow us to emphabie
technology in tota first and second research question.
Regulation The first group of factors that affect the accurtiata
EPL Employment protectioh OECD of intangibles are State support and public andapesi
index/ collective sector support. We observe a negative impact of the
redundancies statutory corporate tax. Its increase has a negaffect on
Global value chains the accumulation of intangibles, as it reducesatialable
SERV Share of value added iSvetova resources that h_ave to be paid in taxes. We dmotntde_
. R&D tax incentives here. These can complement direc
TBS in total GDI banka - . L .
GHR Overall participation il OECD- subsidies (GOV_.RD) in building innovation processes
: We further distinguish between total expenditure on
global value chains TIVA . : .
science and research (GERD) and public expenditure

(GOV_RD). We show that public R&D investments that
can effectively strengthen the public science Bisaulate

the accumulation of intangibles in the economy.all ot
R&D expenditure (GERD), which includes private

~ 160 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 9 2023 Issue: 4 Pages: 157-163 [ISSN 2453-675X

Drivers of intangible assets accumulation as a prerequisite for Industry 4.0
Marek Pekarcik, Julia Durcova

investment, has a higher coefficient (0.235) thhe t lead to difficulties in accumulating intangibles.id true
estimated coefficient of government expenditur18). that the more regulations the less investmentamgpibles,
These findings are consistent with our assumptions. primarily R&D [21]. We use a regulatory index refet to
The second group is macroeconomic stability anas EPL, which focuses on legal protection of emgdsy
financial condition, where we include the long-terntollective bargaining and dismissals, and hiring on
interest rate (Interest) and the debt-to-equityor@D/E  temporary contracts. Specifically, we use an index
ratio). As expected, we observe a negative estonateegulating collective dismissals. As expected, @sults
coefficient on these variables as rising interatds have a confirm the negative impact of the regulatory index
negative effect on firms' investment activity. Té@me is Excessive EPL may constrain the efficient reallocaof
true for the D/E ratio, as extremely indebted finwib not  factors and may reduce productivity [27]. Our resalre
allocate investment to the acquisition of new igtales.  consistent with the findings of Thum-Thysen [13]rigid
The third group is the availability and qualityrafman labor market can have negative effects on firni€iehcy
capital, where we include the share of tertiarycatitd and productivity.
people and the number of skilled workers in R&D and The last group are variables that are related to
technology. We assume a high complementarity betweparticipation and the form of organized productidhere
R&D investment and skill accumulation, as confirnisd is a paradigm shift in the organisation of GVCsthgh the
Thum-Thysen [13]. We demonstrate the positive ihphc increasing involvement of services. It is the SERV
high levels of tertiary education on increasing th&ariable, which expresses the share of the volumalae
accumulation of intangibles. The same is truetierR&D added generated in the service sector in GDPirttliatites
and technology employment variable. to us how servisificated a country is. We show that
The fourth group is the regulatory framework. Heee participation in GVCs and a high share of sengatfion
consider the regulatory behaviour of countries thaly has a positive effect on the accumulation of initaleg.

Table 3 Results of panel data regression analysis

TOTINTG In
Fixed Effect (1) (2) (3) (4) (5) (6) (7) (8) (9)
Accelerator_In | 0.355%** | 0.331** | 0.348** | 0.452** | 0.370*** |0.411* |0.388** | 0.318* |0.316***
(0.034 (0.033 (0.034' |(0.039 (0.045 (0.028 |(0.033 |[(0.035 |(0.029
CiT.In 4 -
(0.038
GERD_In _, 0.235***
(0.037
GOV_RD_In (4 0.214**
(0.044
-0.075***
INTEREST In,_, (0.015
D/E_In 4 -0.070***
(0.019
PHD_In_, 0.474**
(0.035
SCIENCE_In (4 0.469***
(0.068
EPL_In,_, -
(0.093
SERV_In (4 2.108***
(0.174
GHR.In_, 0.800*** | 0.716*** | 0.846** | 0.895*** |1.008*** |0.257* |0.572** | 0.872* | 0.559***
(0.073 (0.071 (0.065' | (0.061 (0.059 (0.073 [(0.083 |(0.062 |(0.061
Balance: Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed effec Yes Yes Yes Yes Yes Yes Yes Yes Yes
No. of Obs 33€ 33¢€ 33€ 33¢€ 33€ 33€ 33€ 33€ 33€
R2 0.521 0.55C 0.52¢ 0.52¢ 0.491 0.67E 0.557 0.53C 0.652
F Stal *k% *k%k *k% *k%k *k% *k% *k% *k% *k%
Hausma 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.006% 0.00C 0.00C

Source: own elaborations; * *, **, *** indicatesattstical significance at the level 10%, 5% and|&%&ls.
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4 Conclusions from the point of view of the influence of intantglassets

Throughout history, industrial revolutions havesedi ©n the profitability and market value of industrial
dizzying changes in economies, businesses and gigopenterprises”.
lives. The Industrial Revolution, known as Industt, is
having the greatest impact [28,29]. The accumutatib References
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