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THE IMPACT OF INNOVATION ON THE PROFITABILITY OF SLOVAK PHARMACEUTICAL
COMPANIES

Abstract. In conditions of the knowledge economy and innovations, research and development activities are
among the most important factors affecting companies' financial performance. This study aims to investigate the
impact of research and development activities on the profitability of Slovak pharmaceutical companies. The panel
dataset consists of 37 sample pharmaceutical companies for 2015-2019. Panel data regression analysis was used as
the main research method of the study. Profitability was measured with the return on assets indicator, chosen as the
dependent variable. The independent variables are leverage, research and development intensity, research and
development intensity squared, size, and high-tech dummy. The empirical analysis includes descriptive statistics,
normality test, autocorrelation test, and panel regression models (random effect model) followed by F-statistics test,
Hausman test, and Breusch-Pagan test. The hypothesis that there is a significant positive impact of research and
development activities on the profitability of knowledge-intensive enterprises has been partly confirmed. Only the
research and development intensity squared has a significant positive impact on the profitability of Slovak
pharmaceutical companies at a 1% level. On the contrary, the research and development intensity has a significant
negative relation. According to the analysis results, control variables (leverage, size, and high-tech dummy) have no
significant influence on profitability. The existence of an inverted-U relationship between research and development
activities and the profitability of Slovak pharmaceutical companies has been established. Investing in innovations of
Slovak pharmaceutical companies has a positive effect on profitability only from a certain amount and has an upper
limit on the amount of profitable investment. Thus, to formulate recommendations on the adjustment of investment
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policy in research and development activities, it is necessary to conduct future research to determine the entry points
and exit points from the area of best profitability on inverted-U function.
Keywords: financial performance, pharmaceutical companies, profitability, research and development.

Introduction. Based on IAS/IFRS, in which the principles of accounting of research and development
(R&D) costs and internally generated intangible assets are defined, the financial statements do not always
accurately reflect R&D activities. There is also quite conservative current accounting practice of
capitalization of R&D costs as intangible assets of the enterprise (Monahan, 2005). This contributes to
information asymmetry and does not ensure the efficient distribution of capital between sectors of the
economy. Therefore, to determine the role of R&D in the enterprise and establish their efficiency, it is
necessary to conduct additional empirical research, which would take into account the industry specifics
and regional context. It will improve the information support of stakeholders, acting as an additional
prerequisite for improving financial performance and long-term investment in R&D activities. R&D intensity
(RDI) is one of the most common variables used by many researchers to represent the innovation level of
R&D activities of the company (Natasha and Yanthi, 2009; Nord, 2011; Fortune and Shelton, 2012,
Ayaydin and Karaaslan, 2014; Lome, Heggeseth and Moen, 2016; Erdogan and Yamaltdinova, 2019;
Eldawayaty, 2020; Ozkan, 2022). The research is based on enterprises from Slovak pharmaceutical sector
data for 2015-2019. The government of the Slovak Republic widely supports the development of the
national pharmaceutical industry, stimulating and expanding the collaboration between academics,
scientific institutions, and pharmaceutical companies, creating a favourable climate for investors. It
enables a swift knowledge transfer from the academic environment to the pharmaceutical business.

According to representatives of governmental bodies, Slovak Republic should be a preferred location
for the pharmaceutical business. In particular, biomedicine and biotechnology, including pharmacological
and industrial biotechnologies, are one of the three priorities of the R&D strategy of the Slovak Repubilic.
For additional stimulation of potential investors to the pharmaceutical sector in the Slovak Republic, a
special program of investment incentives is implemented that motivates investors to place their new
projects in regions with higher unemployment and to attract projects with higher added value
(Pharmaceutica, 2022). One of the types of eligible costs of pharmaceutical companies, for which different
forms of investment incentives can be applied, is the creation of long-term intangible assets. Thus, for
Slovak pharmaceutical companies, the study of the impact of R&D on its profitability is especially relevant
both due to the general trend of investment and the presence of additional mechanisms of investment
incentives for the pharmaceutical sector in Slovakia.

This article is organized as follows. Section 1 reviews prior related literature. The second section
presents the data and methodology of conducted research. Section 3 provides the results. Section 4
discusses the findings. The last section draws conclusions.

Literature Review. Profitability is the ability of an enterprise to make a profit compared with other
characteristics of the enterprise (assets used, employees involved, equity involved, etc.). It is the subject
of research by many scientists from the standpoint of analysing the impact of various factors. One such
factor is the enterprise R&D activities, which are reflected in the enterprise's financial statements in the
form of R&D costs or capitalized internally generated intangible assets.

One of the first to draw attention to the need for research returns of R&D was Griliches, who built the
theoretical foundation of the economics of technological innovation. Such foundations allowed to consider
R&D from the standpoint of the enterprise not only as costs but as capital (Griliches, 1979), which could
be measured by calculating the average return on it, and which role could be established in ensuring the
profitability of the enterprise depending on the industry where it operates. Developed by Griliches
foundations also allowed scientists to further consider R&D as one of the factors influencing the
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enterprise's profitability, considering the adjustment of firm behavior and economic growth strategy. In
particular, the main focus of scientists was to determine what exactly is such an impact (positive or
negative, weak or strong), as well as what types (basic or applied) and types of R&D (public or private)
provide such influence.

Based on Griliches's research, Del Monte and Papagni (2003) analyzed the effect of R&D intensity on
the growth of firms using panel data of 500 Italian manufacturing firms. The authors used descriptive
analysis and a panel unit root test to establish that the growth indicators of firms with R&D are higher than
that of firms without R&D. At the same time, the authors found no significant relationship between R&D
intensity and the rate of profits because a certain part of R&D-intensive firms mimics the process of
creating innovations. Natasha and Yanthi (2009) examined the relationship between R&D with operating
profit margin and market performance using data about 32 non-finance firms listed on Indonesia Stock
Exchange for 2004-2007. Using a multiple regression model, they found no relationship between R&D and
the Indonesian firm's operating performance. They justified these results by saying that the R&D activities
impact the firm's long-run performance, as R&D investments have a long-term impact on companies
‘performance due to the time lag from R&D investment to growth.

Ayaydin and Karaaslan (2014) analyzed the influence of R&D investment on the financial performance
of 145 manufacturing firms registered Istanbul Stock Market for the 2008—2013 period. They used an R&D
intensity as a criterion for classification of enterprises into 3 types (high-, medium- and low-technology)
together with other factors (capital structure, liquidity, efficiency, and firm size) to establish their impact on
Return on Assets (ROA). They evidenced a positive effect of R&D intensity on the firm performance,
especially for high-technology sectors, which is evidence of their high role in a company's competitive
advantage. Varahrami (2015) examined the effects of R&D costs on the ROA of producers of 14 oil
productions on the Tehran stock exchange using panel data from 2004 to 2014. The scholar used the
fixed-effects model. The findings showed that R&D cost positively and significantly affects ail firms.

Lome et al. (2016) empirically analyzed the effect of a high R&D intensity on performance during a
financial crisis. They tested the activity of 247 Norwegian manufacturing companies for the 2004-2009
periods using binary logistic regression. The scholars found that firms with higher R&D investments had
higher efficiency (annual growth rate and aggregate growth) than other firms. The authors' conclusion
confirms that companies engaged in R&D handle a financial crisis better than those companies that make
such investments insufficiently.

Rafiq et al. (2016) investigated the impact of R&D on the profitability of mining firms in China and the
United States (US) using a panel of 168 major US and Chinese mining firms from 2009 to 2013. They
proved a significant positive relationship between R&D activities and generating profits for US and Chinese
mining firms. In particular, it was found that a relatively R&D active firm (over 37 years) generates 4.4%
more profit than a younger non-innovative firm. Erdogan and Yamaltdinova (2019) explored the
relationship between R&D expenditures and the financial performance of 62 production companies listed
in Borsa Istanbul from 2008 to 2017. They used panel data methods and found that financial performance
positively interacts with R&D intensity.

Lahmini et al. (2020) analysed the relation between immaterial capital in Moroccan companies listed
on the Casablanca Stock exchange and their performance (market capitalization, ROA). Brimah et al.
(2020) studied the influence of innovative management approaches on pharmaceutical company's’
performance in Nigeria. Shasha (2021) examined the effect of R&D expenses on profitability (ROA, Profit
Margin) of Chinese listed companies from 2015 to 2017 and confirmed that the intensity of investment in
R&D positively affects the profitability of enterprises. Ozkan (2022) investigated the impact of R&D
spending on the financial performance of the 500 largest Turkish industrial firms for the 2013-2019 periods
using 12 panel data models. He found that current year R&D spending affects financial performance
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negatively. Besides, this impact turns positive only after a year. However, in the long run, the negative
effects of an investment in R&D are re-emerging.

The analysis of the scientific literature revealed the issue of different approaches concerning the R&D
impact on enterprise profitability worldwide. There are examples of positive and negative influences of
different strengths, which may also change over time and depend on the industry affiliation of enterprises.
It confirms the need for such research within companies in the same industry and country, which has its
institutional constraints and specific features for implementing R&D activities.

Several scientists paid attention directly to the study of the analysis of the impact of R&D on the
profitability of enterprises operating in the pharmaceutical sector in different countries. Archarungroj and
Hoshino (1999) investigated the impact of R&D investments on a firm's profitability using a regression
analysis of 170 Japanese firms in the chemical and pharmaceutical industry. They found that the R&D
expenditure and R&D intensity are positively and significantly related to profitability indicators. In larger
companies, the strength of this connection is higher than in other companies. Using regression analysis,
Nord (2011) analysed the influence of R&D investments on the profitability of the top 16 companies in the
pharmaceutical sector in the US. She found a positive and significant relationship between R&D
expenditures and profitability (Market Value/Revenue). With the growth of such expenditures,
pharmaceutical companies will have a higher indicator of profitability. Other scholars investigated financial
aspects in health and innovations in terms of bests European experience (Serpeninova et al., 2020;
Lipkova & Braga, 2016; Holobiuc, 2021).

Fortune and Shelton (2012) tested the activity of 303 global firms in the pharmaceutical industry and
found that R&D efforts have a small positive effect on profitability (pre-tax income). At the same time, the
effectiveness of those efforts is yielding innovative output that has a stronger impact. It confirms the
conclusions of Del Monte and Papagni (2003). Thus, in order to increase the return on R&D, their
qualitative level should be ensured, rather than quantitative imitation. Freihat and Kanakriyah (2017)
investigated the impact of R&D expenditures on the performance of Jordanian pharmaceutical companies
listed on the Amman Stock Exchange in Jordan from 2006 to 2015. The researchers found a significant
impact of R&D expenditures on performance.

Dalvadi and Mansuri (2018) analysed 16 Indian pharmaceutical companies from 2005 to 2015. The
scholars found a linear correlation between R&D and profitability indicators. Indian pharmaceutical
companies also were the subject of research by Nandy (2020), who also found a significant positive impact
of R&D activities on their financial performance.

Eldawayaty (2020) examined listed pharmaceutical companies on the Egyptian stock market for the
period between 2000 to 2019 and found a significant negative relationship between R&D intensity and
current performance and insignificant negative relation with ROA.

Summing up, based on previous research on the impact of R&D on the profitability of pharmaceutical
companies, the study found a sophisticated correlation and mixed or contradictive results. Most scientists
confirm the positive impact of R&D on profitability, and the other is that R&D has a negative impact on it.
This study ascertains the nature of this impact on pharmaceutical companies from the European
environment, where a more developed and structured market of pharmaceutical goods and services
exists. Thus, this study aims to investigate the impact of R&D activities on the profitability of Slovak
pharmaceutical companies.

Methodology and research methods. Sample selection. For testing the hypothesis highlighted in
the article, the activities of 37 companies in the Slovak pharmaceutical sector (Table 1) for 2015-2019
were analysed. The sources of information for the formation of the panel data array for the period 2015-
2019 are the annual financial reporting and the Slovak database «FinStat». According to the classification
of SK NACE, 2 enterprises belong to group 21100 «Manufacture of basic pharmaceutical products», 3 -
to group 21200 «Manufacture of pharmaceutical preparations», and 32 — to group 46460 «Wholesale of
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pharmaceutical goods». Regarding the type of ownership of pharmaceutical companies, most of the
observed population (87%) are private domestic entities.

Table 1. Sample for panel data regression model: reporting data of 37 Slovak pharmaceutical

companies
Ne Company Ne Company
1 Alfamedica s.r.o. 20 NETPHARMA, s.r.0.
2 ASCO International s.r.o. 21 NEURIS, s.r.0.
3 AZ CHROM s.r.o0. 22 NOBLE - CAN SLOVAKIA, s.r.o.
4 Biotika a.s. 23 ORTHOTRADE, s.r.0.
5 CEEMED, s.r. 0. 24 PASTUS, spol. s r.o.
6  CERVENYs.r.o. 25  Pharms.r.o.
7 DENTIN, spol. s r.o. 26 Pharma Products, s.r.o.
8 EIDOS spol. s r.0. 2 PLATAN, s.r.o.
9 Fanorg s.r.o. 28  PROFIMED, s.r.o.
10  FIX - vyroba zdravotnickych potrieb, s.r.o. 29  PROXAMED, s.r.0.
11 ICE-Msu.ro. 30 S.AB.Slovakias.r.o.
12 iDent Slovakia, s.r.0. 31 SLOVAKIA ALTIS GROUP, s.r.0.
13 Izomedact, spol. s r.o. 32 SIovepské ’zooveterinérna homeopaticka
spolo¢nost, s.r.o.
14 KONEX MEDIK, spol. s r.0. 33 TriAmiga, s.r.o.
15 LieCivé rastliny, s. r. 0. 34 UNIMED PHARMA, spol. s r.0.
16 LV DISTRIBUTION s.r.0. 35  UNIMEDICA s.r.0.
MEDICAL BUSINESS & CONSULTING . .
17 SLOVAKIA, spol. s r.o. 36  VITAL LIFE diagnostics, s.r.o.
18  Molecule of life spol. s r.o. 37 WellFors.ro.

19  M-Plus Medical, s.r.o.

Sources: developed by authors.

In this research, one independent variable is tried to be explained by two dependent variables and
controlled by three variables. Table 2 presents the variables used in the analysis and the calculations for

these variables.

Table 2. Variable definitions and abbreviations

Variable Empirical Definition Abbreviation
Dependent Variables
Return on Assets Net turnover divided by total assets ROA
Independent Variables (R&D Variables)
0 Research and Capitalized R&D divided by total sales RDI
evelopment Intensity
Research and
Development Intensity Squared function of R&D RDI2
Squared
Control Variables
Leverage Total liabilities divided by total assets LEV
Size Logarithm of total assets S
High-tech dummy 1 for high tech, 0 for non high-tech DHT

Sources: developed by authors.
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The suggested research uses the panel data regression model. The choice of ROA as a characteristic
of the enterprise's profitability is justified by the extensive use of this indicator by scientists for investment
analysis. ROA is a direct characteristic of the profitability of the enterprise. At the same time, it is a
dependent variable in establishing the relationship with the R&D of the enterprise proposed by
Archarungroj and Hoshino (1999), Ayaydin and Karaaslan (2014), Varahrami (2015), Freihat and
Kanakriyah (2017), Erdogan and Yamaltdinova (2019), Eldawayaty (2020), Kliestik et al. (2020), Nandy
(2020), Shasha (2021), Ozkan (2022).

The independent variables used in this study were calculated by using financial statements of
companies from the Slovak pharmaceutical sector. Independent variables are divided into two sub-groups:
R&D variables and control variables.

R&D intensity (RDI) is calculated by dividing the annual R&D by the company's total sales for this year.
The second R&D variable is the R&D intensity squared, which helps to check the existence of a non-linear
relationship between R&D and companies' ROA. In line with the scientific literature on the study topic
(Archarungroj and Hoshino, 1999; Natasha and Yanthi, 2009; Nord, 2011; Ayaydin and Karaaslan, 2014;
Varahrami, 2015; levdokymov et al., 2020; Eldawayaty, 2020) to control for a significant effect of additional
variables, it was included several control variables in the panel data regression model: leverage (LEV),
size of a company (I_S), and high-tech dummy variable (DHT). LEV and |_S are used to determine how
much financing through debts and a company's size could influence ROA. As companies in the
pharmaceutical sector have different levels of R&D intensity in different sub-sectors (high or non-high),
this study employs a dummy variable for sub-sectors. For this sample, that means that all companies with
SK NACE 2 codes 21100 and 21200 are indicated as 0 and 1 for more high-tech pharmaceutical
companies. Figure 1 shows the conceptual framework of the article.

Independent variables Dependent variable

explain
R&D P Company’s profitability [~ == ROA

| A

R&D intensity

R&D intensity squared |

control

Control variables

Leverage || Size || High-tech dummy

Figure 1. Conceptual framework of the article
Sources: developed by authors.

Panel data analysis is used to examine the effect of R&D on the profitability of Slovak pharmaceutical
companies. The equation of the basic panel data model formed in the paper is as follows:

ROA; = a + p; + B1RDIye + B,RDILy; + B3LEV + B4l Sy + BsDHT;; + € (1)

where: ROA - dependent variables, where i = entity and t = time; a - Identifier; u — Variance introduced
by the unit-specific effect for unit i; B — Regression coefficient; RDI, RDI2, LEV, I_S, DHT - independent
variables, where i = entity and t = time; €it — error term.
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Selection of Estimate Panel Data Parameter. In order to determine the method of regression analysis
of panel data most suitable for the selected model, the F-statistics test was used. As a result of its
application, it was found that the value of F (35, 144) = 36,619 p-value (1,21255e-055) is greater than
0.05, which indicates against the null hypothesis regarding the adequacy of the pooled OLS model and
indicates the feasibility of using Fixed effects method (FEM) as an alternative. The Breusch-Pagan and
Hausman test use revealed that the random-effects method (REM) is more appropriate than the pooled
OLS model and FEM. In particular, the Hausman test showed that for the value of chi-square (8) (1.64125),
the p-value (0.801361) is greater than 0.05, which confirms the null hypothesis that REM estimates are
consistent. The use of REM allows identifying individual, time-invariant factors that affect the dependent
variable. To confirm the adequacy of the constructed model with data on the activities of pharmaceutical
companies and to find ways to improve it, its diagnosis was performed using the Normality test and
Autocorrelation test.

Testing the normality of the proposed model residues distribution using the Gretl software package
allowed establishing the abnormality of the error distribution. Thus, the value of Chi-square (2) = 977,206
p-value = 0,00000, which is less than 0.05 and does not confirm the null hypothesis of a normal distribution
of residues. Autocorrelation testing was performed based on the Wooldridge test for autocorrelation in
panel data, establishing the absence of first-order autocorrelation. The value F (1, 36) = 1.80825 with p-
value =P (F (1, 36)> 1,80825) = 0.18713, which is greater than 0.05, resulting in a null hypothesis of no
first-order autocorrelation (rho = -0.5). Since the conducted test results show incomplete adequacy of the
constructed model with the data, it is proposed to estimate models with robust standard errors to improve
it, which is also suggested by other scientists (Ozkan, 2022).

The study's hypothesis is to check the existence of a significant positive impact of R&D activities on
profitability. Since the strength of such influence depends on the specifics of the industry and the region
in which the company operates, such research should be conducted on the example of a group of
companies belonging to one industry and a particular country.

Results. ROA dynamics of Slovak pharmaceutical companies. Figure 2 shows the development of
ROA of pharmaceutical companies in the Slovak Republic for 2015-2019.

4.00
3.50

3.00
250 o-3:54 - ® 256

0233
2.00
1.50
1.00
0.50
0.00

0334

2015 2016 2017 2018 2019
Figure 2. Development of ROA of Slovak pharmaceutical companies for the 2015-2019 period
Sources: developed by authors.

Figure 2 shows that the average meaning of ROA during the 2015-2019 period experienced
movements or fluctuations. 2014 to 2015 and from 2018 to 2019 were the periods of ROA increase, and
2016-2018 — ROA reduction. The fluctuations were caused by the decrease in the total value of
pharmaceutical sales in Slovakia from 2016 to 2018.

290 Marketing and Management of Innovations, 2022, Issue 2
http://mmi.fem.sumdu.edu.ua/en



S., Lehenchuk, M., Tumpach, I., Vyhivska, V, Makarovych, S., Laichuk. The Impact of Innovation on the Profitability of Slovak
Pharmaceutical Companies

Table 3 summarizes the descriptive statistics of all variables used in the model. It calculates the
studied sample's basic numerical characteristics (mean, median, standard deviation, minimum,
maximum).

Table 3. Numerical characteristics, based on observations 1:1 - 37:5

Variables Mean Median St. Dev. Minimum Maximum
ROA 2,67 1,15 6,05 0,000 50,9
RDI 0,271 0,0518 0,797 6,34e-005 7,35
RDI2 0,706 0,00269 513 4,02¢-009 54,1
LEV 0,590 0,610 0,344 0,0300 1,90
I_S 12,3 12,3 1,53 8,48 17,6
DHT 0,135 0,000 0,343 0,000 1,00

Sources: developed by authors.

Table 3 shows that the largest deviations in variables are related to ROA and RDI2. Although ROA
also has a wide span of values (ranges from 0 to 50,9), a mean value for ROA is positive —2.67. The span
of values of companies' size and leverage measure is rather low, indicating similarity among observed
companies from these variables. It is established that the mean value is greater than the standard deviation
for individual variables (LEV, RDI2, I_S). Thus, the data in these variables have a small distribution.

As a result of constructing a correlation matrix (Fig. 3) of dependent and independent variables, the
common multicollinearity problem was not identified. The correlation between RDI and RDI2 is high (0.9),
but this is normal for regression analysis to check the relationship between interrelated variables and
profitability.

RDI 0.1 - 0,5
RDIZ -0.0
4 0
LEV -0.4
I_5 0.4 -0.3
OHT -0.1 0.1 -0.0 -0.4 0.4 -
T T T T T -1
S
Q—O? & QS)Q' § \Eg sz'\(
Figure 3. Correlation matrix of a Model
Sources: developed by the authors.
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Panel Data Regression Results. Tables 4-5 show the analysis performed using the Robust standard
errors (REM). It demonstrates the extent to which the independent variable will affect the dependent
variable, taking into account the influence of omitted or unobserved variables that characterize the
individual characteristics of the objects under study.

Table 4. REM, using the observations 1-185

. - Significance by
Indicator Coefficient Standard error z P-value t-statistics
const 8,82542 3,17363 2,781 0,0054 o
RDI -2,01426 0,632224 -3,186 0,0014 o
RDI2 0,256203 0,0809692 3,164 0,0016 o
LEV -2,25360 1,64321 -1,371 0,1702
I_S -0,342020 0,371091 -0,9217 0,3567
DHT -1,94123 2,06005 -0,9423 0,3460
Sources: developed by authors.
Table 5. REM, using the observations 1-185
Indicator Value Indicator Value
Mean dependent var. 2,665240 S.D. dependent var. 6,052092
Sum squared resid. 6108,061 S.E. of regression 5,825262
Log-likelihood -585,9770 Akaike criterion 1183,954
Schwarz criterion 1203,276 Hannan-Quinn 1191,785
RHO parameter -0,567672 Durbin-Watson statistic 2,520036

Sources: developed by authors.

The adequacy of REM application to the data was verified using the Joint test on named regressors
and the Breusch-Pagan test. Conducting a Joint test on named regressors, which resulted in the value of
Chi-square (5) = 23.4462 and p-value = 0.000277309, which is less than 0.05, confims that all
independent variables are jointly significant in influencing or explaining ROA. As a result of the Breusch-
Pagan test, it was found that the variance of the unit-specific error is significant in explaining the dependent
variable. The obtained values of «between» variance (33.2526) and «within» variance (4.16772) allowed
to establish the fraction of the total variance that could be attributed to unit-specific random effect - 88.8%.
The large size of the random effect also indicates that the REM is suitable for this data set. Therefore, it
is necessary to consider the unit-specific effects of omitted and not observed variables, which will allow
for obtaining more statistically significant estimates.

Suggested in the study Model could be demonstrated through the following equation:

§ = 8,82542-2,01426x, + 0,256203x,-2,25360x; — 0,342020x,-1,94123x; (2)
where § —ROA; x; - RDI; x, - RDI,; x3— LEV; x,— 1_S; x5 — DHT.

For the suggested model, the independent variables RDI and RDI, are statistically significant,
confirmed by the presented data in a table. 4. In particular, itis RDI (P-value = 0.0014) and RDI,, (P-value
= 0.0016) with the corresponding P-value values that are most influential on ROA. The absence of
asterisks in the cells of the significance column by t-statistics for other independent variables indicates
their insignificant effect on ROA. The content of the coefficients of the regression equation of the model is
as follows: 1) in case of increase of RDI by 1, ROA will decrease by 2.01426; 2) in case of increase of
RDI2 is increased by 1, ROA will increase by 0.256203; 3) in case of increase of LEV 1 value, ROA will
decrease by 2,25360; 4) in case of increase of I_S by 1, ROA will decrease by 1.94123.
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The equation of the model demonstrates that of the proposed parameters, RDI2 has a direct effect on
ROA, and most parameters (RDI, LEV, I_S, DHT) have an inverse impact. In particular, increasing
investment in RDI to a certain level, based on the obtained panel data regression results, will significantly
impact ROA. There is also no significant positive impact of company size and sub-sector affiliation on
ROA. Thus, as the pharmaceutical company increases or moves to another sub-sector, profitability would
not increase.

Conclusions. The scientific results obtained in the article contradict most of the conclusions of the
analysed papers of scientists on the presence of a significant positive impact of R&D on profitability. The
results of panel data regression analysis showed a significant negative relation between R&D intensity
and profitability of Slovak pharmaceutical companies. The results of the study support the finding of
Eldawayaty (2020). It was also found that R&D intensity squared significantly and positively impacted
profitability at a 1% level. It means that the impact of R&D on profitability is determined by the volume of
R&D activities of the company. Accordingly, such an effect is non-linear. It is characterized by an inverted-
U relationship, which reflects diminishing scale effects. The existence of the same option of inverted-U
relationship, when R&D intensity has a negative impact and R&D intensity squared — a positive, is
confirmed by other scientists (Fortune and Shelton, 2012; Qi and Deng, 2019), who studied the impact of
R&D on the profitability in different sectors of the economy. The content of an inverted-U function could
be interpreted as the fact that as the R&D of pharmaceutical companies increases, their profitability
increases to a certain point. However, after that, an R&D increase leads to a profitability decrease.
Accordingly, the value of RDI2 found using the generated model got to that zone of inverted-U function,
which provides profitability growth (Fig. 4).

High 4 . Best Profitability RDI2
entry pomt\_\_ exit point
RDI

>

;;; Area of Best

S5 Profitability

o

Low R&D High

Figure 4. The inverted-U function: R&D and profitability aspect
Sources: developed by authors.

Identified inverted-U relationship between R&D and indicates a partial confirmation of the study
hypothesis concerning the existence of a significant positive impact of R&D activities on profitability. As
such, influence exists not for all R&D activities and only for their separate volume, which in inverted-U
function provides the formation of the area of best profitability. Jen Huang and Ju Liu (2005), Erdogan and
Yamaltdinova (2019) found a significant positive impact of R&D and a negative impact of R&D squared
on the ROA. ltindicates that for the enterprises they studied (largest companies in Taiwan and production
companies listed in Borsa Istanbul), the entry point to the area of best profitability was lower than the R&D
intensity value, and the exit point was higher than the R&D intensity squared. Therefore, from the
standpoint of future research and the formation of practical recommendations for enterprises, it is
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important to determine the features of building an inverted-U function, as well as find entry and exit points
from the area of best profitability, which would determine a clear scope of R&D activities in a particular
country, for example, for Slovak pharmaceutical companies. Understanding all the parameters of the
inverted-U function that characterize the optimal level of R&D would allow business owners to adjust their
investment policy regarding their R&D activities.

This study has some limitations. Firstly, the focus of research on one economic sector increases the
likelihood that the findings are only relevant to the pharmaceutical sector and cannot be fully applied to
other knowledge-intensive enterprises. Future research aimed at confirming the study's hypothesis should
focus not only on the R&D activities of Slovak pharmaceutical companies but also on other types of
knowledge-intensive enterprises by using alternative industry samples. Secondly, in this study, ROA was
chosen as anindicator of the profitability of pharmaceutical companies. The results could be supplemented
by studies that use alternative indicators of enterprise profitability, such as ROE, EBIT, NPM, etc. Thirdly,
future research could be carried out not only according to the classical approach (Griliches, 1979), when
current R&D costs and investments impact the enterprise's profitability from the same year. However, it is
also possible to analyze the impact of lagged R&D effects on financial performance, which will explain
how R&D activities in previous periods affect the current profitability.

This paper examines the effect of R&D activities on the profitability of Slovak pharmaceutical
companies using panel data of 37 companies over the period 2015-2019. Such research is especially
relevant for investors based on the policy of the Slovak Government for the development of biomedicine
& biotechnology in the country, supported by the creation of an investment incentives program for the
pharmaceutical sector. A panel data regression analysis was used for the research, which provided for
constructing a regression model with one dependent variable - Return on Assets, and five independent
variables — Research and Development Intensity, Research and Development Intensity Squared,
Leverage, Size, High-tech dummy.

The choice of the random effects method as an estimated parameter was justified for the proposed
panel data regression model based on the Breusch-Pagan and Hausman tests. The adequacy of REM
application to the data was also confirmed based on using the Joint test and the Breusch-Pagan test. The
result of the regression model demonstrates partial confirmation of the study hypothesis about the
existence of a significant positive impact of R&D activities on profitability. Only the RDI2 has a significant
positive impact on the profitability of Slovak pharmaceutical companies at 1% level, and the RDI, on the
contrary, has a significant negative relation. According to the analysis results, there is no significant
influence of control variables (LEV, |_S, DHT) on the profitability.

According to the study's empirical results, an inverted-U relationship between R&D activities and
profitability was established. Investing in the R&D of Slovak pharmaceutical companies positively affects
profitability only from a certain amount (entry point). Besides, it has an upper limit on the amount of
profitable investment (exit point). In order to form recommendations for the management of the companies
on the adjustment of investment policy in R&D activities, it is necessary to conduct future research, which
would determine the entry points and exit points from the area of best profitability on inverted-U function.
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Bnnus iHHOBaLiit Ha NPUGYTKOBICTb CNOBaLbKUX (hapMaLEBTUYHUX KOMNaHiN

B cyyacHux ymoBax po3B1TKY eKOHOMIKM iHHOBALIii Ta HayKOBO-A0CTIAHA AISNBHICTb € OAHUMU 3 HANBAXMMBILLIMX (AKTOPIB, WO
BNNMBalOTb Ha (piHaHCOBI pe3ynbTaT komnawii. MeTolo cTaTTi € AOCRIMKEHHS BNMMBY HayKOBO-AOCMIAHOI AIANBHOCTI Ha
npubyTKOBICTb CMOBALbKAX (hapMaLeBTUYHUX KOMMaHii. EMnipuiHe AOCMIAXEHHS MpOBEAEHO Ha OCHOBI MaHEMbHUX AaHuX,
cchopmoBaHux Anst BuBIpku 3 37 chapmaLieBTUYHIX koMnaHiit 3a nepiog 2015-2019 pokiB. B sikocTi OCHOBHOrO MeTOAY AOCTIZKEHHS
BMKOPUCTAHO PerpeciliHuii aHania naHenbHUX AaHuX. [MpubyTKOBICTL BUMIpIOBanacs 3a AOMOMOrOI0 MokasHWka peHTabenbHOCTi
aktMBiB | Oyna obpaHa Sk 3anexHa 3miHHa. HesanexHumu 3miHHUMKM Gyno BM3HAYEHO (hiHAHCOBWIA Baxinb, IHTEHCUBHICTb
pocnimkeHb | po3pobok, iHTEHCUBHICTL AOCTimXeHb | po3pobok y kBagpaTi, poamip i iKTWBHA 3MiHHa BUCOKOTEXHOMOrIYHOCT. [10
eMNipUYHOro aHanisy BXOAATb ONMWUCOBA CTATUCTUKA, TECT HOPMAmNbHOCTI, TECT aBTOKOPENALii Ta maHeni perpeciHux mopenen
(Mopenb BuNaakoBUX edekTiB), 3a kUMM CrifytoTb TecT F-cTaTUCTukW, TecT XaycMaHa, TecT bpeiwa-MNaraHa. 3a pesynbtatamu
AOCNIMKEHHA YacTKOBO MIATBEPKEHO [INOTE3y NP0 3HAYHUA MO3UTUBHWIA BNAMB HAYKOBO-KOHCTPYKTOPCHKOI [iANbHOCTI Ha
npubyTKOBICTb HAYKOMICTKUX MifnpueMCTB. Mpu LbOMY NuLie iHTEHCUBHICTb JOCHIMKEHb Ta PO3pobOK y KBagpaTi Mae 3HayHuit
MO3UTVUBHUIA BNNMB Ha MpUBYTKOBICTb CMOBALbKUX (hapMaLieBTUYHUX KOMNaHiii Ha piBHi 1%, a iHTEHCWBHICTb AOCHimXeHb Ta
po3poBOK, HaBnak1, Mae 3HauyHe HeraTBHe CMiBBIAHOLIEHHS. 3a pe3ynbTatami aHaniay CyTTEBOTO BMMBY HE3ANEXHMX 3MiHHMX
(cbiHaHcoBWMI Baxinb, po3mip Ta iKTMBHA 3MiHHA BMCOKOTEXHOMOMYHOCTI) Ha NpUBYTKOBICTb Hemae. BcTaHOBNEHO HasBHICTb
nepeeepHyToro U-3B'A3Ky MiX HayKOBO-JOCMIAHOK AisNBHICTIO Ta MpUBYTKOBICTIO CroBaLbkux (hapMaLeBTU4HWX KOMMAHi.
|HBECTYBaHHS! B iHHOBAL,ii COBaLibKIX (DapMaLeBTUYHIX KOMMaHi  NO3UTMBHO BNNIMBAE Ha NPUOYTKOBICTb NULLE 3 NEBHOT CyMy | Mae
BEPXHIO MEXY CYMW BUrigHMX iHBECTULN. Takum YMHOM, Ans OPMYMIOBaHHS PEKOMEHOAL|A O[O KOPUryBaHHS iHBECTULIAHOT
NoniTUKMA B HAYKOBO-JOCHIAHIA LisnbHOCTI HEOOXiAHO NPOBECTU ManByTHI LOCHIMKEHHS, siki 6 BU3HaYanu TOYKW BXOAY Ta BUXOgY i3
30HM HaikpalLloi npubyTkoBocTi Ha 0bepHeHin U-yHkujii.

KntouoBi cnoBa: chiHaHCOBI pe3ynbTaTil, hapmaLeBTUYHI KoMnaHii, NpuBYTKOBICTb, AOCAIAXKEHHS Ta po3pobKY.
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