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e-commerce and R&D

Abstract. 7he rapid development of information technology provides high growth rates of e-commerce. Today,
e-business plays an important role in the structure of economies of advanced countries. In Ukraine, it develops more
Slowly than in nejghbouring countries due to economic, social and political instability, low purchasing capacity of the
population, lower demand for goods and services, devaluation of hryvnia, currency fluctuations, efc. However,
domestic economists prediict that the importance of e-commerce for the Ukrainian economy will increase annually. In
such circumstances, the issue of identifying relationships between e-commerce and investment in research and
development witth the country's economic development becomes relevant as well as finding of tools for measuring the
extent of e-commerce’s impact on economic growth. The aim of the article is to construct a set of economic and
mathematical models fo assess the impact of e-commerce and investment in research and development on the
country s economic development. Comparing the resulfs of modelling in three countries, it has been determined that
the value of e-commerce and R&D expendiitures is more significant for GDP per capita growth in Ukraine and Poland
aue fo the higher level of ICT development in Austria and its approximation to the saturation point relative fo the growth
rafes of innovation industries. While comparing the levels of exposure fo e-commerce and R&D costs in these
countries, it was found that e-commerce occupies the first position only in Austria. While analysing the parameters of
the models of three countries, it has been determined that GDP per capita is the most sensitive to changes in the
Indlicators in the Ukrainian moael. That demonstrates that the economy of Ukraine Is less stable compared fo Poland
and Austria. Expenditure on R&D and e-commerce has a significant impact on the country's economic development
and contributes o increasing of gross domestic product and productivity of manufacture.

Keywords: e-commerce, research and development, economic development, economic growth, economic and
mathematical modelling.

Introduction. The innovation of national economies is ensured by the proliferation and creation of
modern ICTs and scientific results that turn into innovative products and services. Unfortunately, the
reduction of financing of basic science in Ukraine, which is connected with the deficit of public finances,
does not allow to compete with Ukrainian enterprises from TNCs. Nevertheless, the emergence of new
types of economic activities, such as e-commerce and its related areas (cloud services, electronic payment
systems, etc.) create conditions for activating private investment in innovative developments. In Ukraine,
e-commerce as a type of e-business is at the formative stage and it is gaining greater importance in the
context of globalization transformations. However, there are certain obstacles, first of all - the absence of
world leaders in e-commerce in the Ukrainian digital market, gaps in national legislation, etc. The rapid
development of information technology provides high growth rates of e-commerce. Today, e-business
occupies an important sector in the economies of advanced countries. In Ukraine, it develops a bit more
slowly than in neighbouring countries, due to economic, social and political instability, the low purchasing
power of the population, lower demand for goods and services, devaluation of hryvnia, currency
fluctuations, etc. Though, domestic economists predict that the importance of e-commerce for the
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Ukrainian economy will increase annually.

In such circumstances, the issue of identifying relationships between e-commerce and investment in
research and development with the country's economic development becomes relevant, as well as finding
tools for measuring the extent of e-commerce's impact on economic growth.

Analysis of recent research and publications. In recent years, many kinds of research have been
devoted to the study of the relationship between ICT, economic growth and productivity growth. In papers
written by R. Anvari, D. Norouzi [1], Tk. Liu, Jr. Chen, C. Huang, C. Yang [2], M. Lund, S. McGuire [3] the
impact of e-commerce and R&D on economic development and productivity is proved. E. Karlsson,
J. Lilievern [4], A. Yousefi [5], T. Niebel [6], F. Venturini [7] in their papers came to the conclusion that
there is a positive relationship between the use of the Internet, ICT and increased productivity. In addition,
research findings, which were covered in the papers of Z. Hossain, M. Ishaq Bhatti, Z. Ali [8], T. Pham, D.
Nguyen [9], at the firm level show that ICTs can help increase the efficiency of enterprise management. In
the papers [10-11], in analysing and modelling the impact of e-commerce parameters on economic
development indicators, the Cobb-Douglas production function was used as an effective tool for
determining the relationships between e-commerce and economic growth.

Unsettled issues which are part of a common problem. Continuing the scientific discussion on
increasing the rates of economic development of the countries in the conditions of the public finances
deficit, it is necessary to justify state support to certain sectors of the economy and identify types of
economic activity that have a significant impact on economic growth.

The aim of the article. The aim of the article is to construct a set of economic and mathematical
models to assess the impact of e-commerce and investment in research and development on the country's
economic development.

The main material. The development of information technology and the spread of e-commerce lead
to increased business management efficiency, more productive asset utilization, faster market entry,
reduced overall order execution time and increased customer service delivery.

Today, there are a number of works [2-3], focusing on the contribution of e-commerce to the economic
growth of countries, and it has been proved that e-commerce has increased corporate profits and
contributed to the development of countries. The results of the research showed that e-commerce is a key
factor in integrating low-growth countries into the world trading system. The focus of these papers is on
how social and economic reforms can stimulate e-commerce. It is proved that almost no influence of the
authorities in the area of electronic commerce can lead to economic growth and increase the share of e-
commerce in the overall structure of the economy. The carried-out research in the work [2], which focuses
on the study of the impact of e-commerce and R&D investment on production performance, draws
attention to the use of the unique set of panel data, obtained from Taiwanese firms from 1999 to 2002. It
has been found that e-commerce and capital invested in R&D have positively affected productivity.

Based on the model presented in the work [2], the author constructed a model for studying the impact
of e-commerce and investment in research and development on indicators of economic development in
Ukraine, as well as detailed analysis of it. The results of the modelling of the relationships between e-
commerce, R&D and economic growth in Ukraine were comparable to the results of similar modelling in
Poland and Austria.

Let's consider more detailed models. In this study, the technique of panel modelling is used. To
construct models, the following equation was used:

GDPP; = a+ BEC;; + B,R&D; + 5GS; + HE; + ey, (1

where a - constant (free variable); B;, B2, B3, — model parameters; t — number of time period;
i — country number (in the research the name of the chosen country which are used as the index:
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ukr - Ukraine, pol - Poland, aut — Austria); GDPP — GDP per capita, based on purchasing power
parity, measured in thousands of US dollars; EC - Internet sales volume in thousands of US dollars;
R&D - expenditures on R&D, thousands of US dollars; GS - the size of power, based on the final
consumption expenditure in the public sector, thousands of US dollars; HE - health care expenditures in
thousands of USA dollars.

Since all independent variable models have the same measurement units, the corresponding
parameters do not require any transformation.

Annual data was selected for the period from 1990 to 2017 for modelling. Data is taken from the official
sites of Eurostat [12], World Bank [13], the State Statistics Service of Ukraine [14] and the Ministry of
Finance of Ukraine [15]. All calculations and analysis are done in Microsoft Excel and R Studio.

The model, which was built using data for Ukraine, in mathematical interpretation has the following
form (2):

GDPP,,, = 2.923 +5.36 - 10~7EC,;, + 3.17 - 10"°R&D,;,, — 1.64 - 1077 GSy, +
+4.88 - 10"7HE,, 2)

According to the model, the following conclusions can be drawn. The coefficient for a variable of
Internet sales is 5.36-10-7, which means that with an increase in online sales in Ukraine per unit, GDP per
capita will grow by 5.36-10-7 thousand dollars. Positive per capita GDP is also affected by research and
development and healthcare costs. With the growth of these indicators per unit, the gross domestic product
per capita in Ukraine will grow, respectively, at 3.17-10-6 thousand dollars and 4.88-10-7 thousand dollars.
The negative impact on GDP was shown by the parameter of final consumption expenditure in the public
sector: with the growth of this indicator per unit, GDP per capita will decrease by 1.64:10-.

Let's consider the main characteristics of the model and carry out a detailed analysis. Table 1 shows
the main parameters of the model for Ukraine.

Table 1 — The main parameters of the model for Ukraine

Country Variables Coefficients value p-value Residual error
Ukraine GDPP 2,922788375 2,99314E-05 0,564318

EC 5,36164E-07 0,00028 1,25399E-07
R&D 3,17097E-06 0,00271 1,34366E-06
GS -1,63603E-07 0,02827 1,48736E-07
HE 4,88322E-07 0,02128 3,81079E-07
F-statistic 41,47762

R-squared 0,87825

Sources: compiled by the author based on modelling results

As seen from Table 1 all coefficients for variables are crucial with a significance level of 0.95. The R-
squared in the model for Ukraine is high (0.878), indicating a significant relationship between dependent
and independent variables. If we analyze the correlation coefficient between the parameters r=0,937> 0,9,
we can conclude that there is a considerable relationship between them.

The results of the unit root test for the Ukrainian model showed that all variables are stationary with
the first difference, that is, a zero hypothesis with a 1% significance level was rejected. This indicates the
presence of a unit root.

The results of the Pedroni cointegration test for the model indicate that most of the statistical data in
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the GDP model rejected the null hypothesis of the lack of cointegration. This indicates that all independent
variables, such as e-commerce, R & D, government size and health care expenditures, had long-term
relationships with GDP per capita based on purchasing power parity.

During the analysis of the model for Ukraine, tests for the presence of multicollinearity, autocorrelation
and heteroscedasticity are also conducted. The assumption of multicollinearity was rejected using the VIF
criterion. The Breush-Godfrey test made it possible to conclude that there is no autocorrelation. However,
in this model, there is heteroscedasticity, which confirmed by the White test.

In addition, a Dickey-Fuller Augmented Test (ADF - test) was conducted for stationarity. The low value
of p-value indicates the stationarity of the time series.

In general, it can be said that in Ukraine, according to the results of modelling, economic growth
depends to large extent on the cost of R&D. However, e-commerce is ranked second in terms of per capita
GDP, which is also important for the country's economic development. These conclusions are logical, as
the basis for the development of e-commerce is the high rate of dissemination of innovative technologies,
including the Internet, broadband Internet access, cloud technologies, electronic payment systems, etc.
Compared to Poland and Austria, Ukraine lags behind the indicator of ICT development, as well as the
volume of trade through the Internet and the degree of penetration of the Internet.

The following model was built using data for Poland. The same time period and the same information
sources as for the Ukrainian model have been considered in the research. The mathematical model
equation for Poland is as follows (3):

GDPP,y = 5.772 + 1.51 - 1077 EC,; + 1.89 - 10"5R&D,,,, —
—5.44-107%GS,,,, + 3.54 - 10-"HE,,, (3)

As can be seen from equation 2, the intercept of the model is 5,772. That is, in the absence of the
influence of independent variables, the level of GDP per capita on the basis of the purchasing power parity
will amount to 5,772 thousand dollars. Changing Internet sales will have the following effect on GDP: with
the growth of this indicator per unit, the gross domestic product per capita will increase by 1.51-107
thousand dollars. The positive impact will also be on research and development costs - an increase of one
per unit will contribute to GDP growth per capita of 1.89-10-6 thousand dollars. The growth per unit of final
consumption expenditure in the public sector as in the Ukrainian model shows a negative impact on GDP
in the form of a decrease of 5.44-10-8 thousand dollars. The indicator of health care expenditures increased
by one will increase GDP per capita by 3.54:10-7 thousand dollars.

As in the previous model, its main parameters were analyzed, as well as tests for the presence of
multicollinearity, heteroscedasticity and autocorrelation were performed. The main parameters can be
seen in table 2

Table 2 — The main parameters of the model for Poland

Ukraine Variables Coefficients value p-value Residual error
Poland GDPP 5,772278 2,76922E-08 0,703479

EC 1,5088E-07 0,02833 6,44814E-08
R&D 1,89702E-06 0,03784 8,60912E-07
GS -5,44007E-08 0,05842 9,80275E-08
HE 3,53609E-07 0,01382 2,30236E-07
F-statistic 30,64948

R-squared 0,97158

Sources: compiled by the author based on modelling results
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Thus, by analysing the model's parameters, we can say that the high determination coefficient R2 =
0.972 indicates a strong correlation between the variables. All variables are crucial at a significance level
of 91%.

For the Polish model, a single root test was also conducted, the results of which rejected the null
hypothesis and confirmed the presence of a single root. The results of the Pedroni test indicate that there
are long-term relationships between the model parameters.

Using White's test, it was found that there is heteroscedasticity in the model for Poland. The Breush-
Godfrey test confirmed the lack of autocorrelation. Using the VIF criterion for the Polish model, we obtained
results indicating that there is no multicollinearity in it.

Summarizing, it should be noted that this model shows the impact of Internet sales, R&D expenditures,
final consumption expenditure in the public sector, and health expenditure on Poland's economic growth.
From the simulation results, it can be concluded that, as in the Ukrainian model, R&D spending is more
important for GDP per capita growth compared to online sales. The least impact on the GDP of the Polish
model has the final consumption expenditure in the public sector.

We will analyze the latest model of the relationship between e-commerce and spending on R&D and
GDP per capita on the basis of the purchasing power parity of Austria.

The model for Austria in mathematical terms has the following form (4):

GDPP,,, = 4.58 4+ 1.55 - 10~7EC,, + 6.66 - 10 8R&D,,,; — 4.80 - 1078GS,,, +
+1.17 - 107SHE,, 4)

Consequently, the coefficients of the variables responsible for Internet sales and R & D costs are
respectively 155:-10-7 and 6.66:10-8. This means that with the increase of data on the unit, GDP per capita
will grow, respectively, at 1.55-107 and 6.66-108 thousand dollars. The growth of final consumption
expenditure in the public sector will affect the decline of the Austrian economic growth rate by 4.8-10-8
thousand dollars and health care costs, on the contrary, will contribute to economic growth of 1.17-10-6
thousand dollars.

The analysis of the main parameters of the model (Table 3) showed that all variables are significant
with a significance level of 91%. The relationship between the model's indicators is significant, which
confirms the high values of R-squared and correlation coefficients (R2=0.975; r=0.988).

Table 3 — The main parameters of the model for Austria

Country Variables Coefficients value p-value Residual error

Austria GDPP 4,58300 0,00723 1,555047726
EC 1,55E-07 0,01032 5,53104E-08
R&D 6,66E-07 0,26603 5,84273E-07
GS -4,80E-08 0,00900 4,61702E-08
HE 1,17245E-06 0,06583E-07 1,73104E-07
F-statistic 12,12363
R-squared 0,97527

Source: compiled by the author based on simulation results

The results of the unit root test for the Austrian model showed that all variables are stationary in the
first differences, that is, a zero hypothesis with a 1% significance level was rejected indicating the presence
of a unit root.

The Pedroni test for the model of Austria rejected the null hypothesis of lack of cointegration. This
indicates that all independent variables had a long-term relationship with GDP per capita based on
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purchasing power parity.

For the model built on the data of Austria, tests for the presence of multicollinearity, autocorrelation
and heteroscedasticity are also conducted. The assumption of multicollinearity was rejected using the VIF
criterion. The Breush-Godfrey test made it possible to conclude that there is no autocorrelation. There is
also no heteroscedasticity, which confirmed by the White test.

In addition, a Dickey-Fuller Augmented Test (ADF - test) was tested for stationarity. The low value of
p-value indicates the stationarity of the time series.

Thus, it can be said that the model of Austria differs from the models for Ukraine and Poland by the
fact that for this country, e-commerce is more important in terms of economic development than the cost
of research and development. It should also be noted that while comparing the coefficients for all model
parameters, it has been found that the highest impact on GDP per capita in Austria has been spent on
health care, which was not observed in the two previous models.

Conclusions and further research. Comparing the results of modelling in three countries, it has been
determined that the value of e-commerce and R&D expenditures is more significant for GDP per capita
growth in Ukraine and Poland, due to the higher level of ICT development in Austria and its approximation
to the saturation point relative to the growth rates of innovation industries. While comparing the levels of
exposure to e-commerce and R&D costs in these countries, it is found that e-commerce occupies the first
position only in Austria.

While analysing the parameters of the models of the three countries, it is determined that GDP per
capita is the most sensitive to changes to indicators in the Ukrainian model. It demonstrates that Ukraine's
economy is less stable compared to Poland and Austria.

Expenditures on R&D and e-commerce has a significant impact on the country's economic
development and contributes to increasing the volume of the gross domestic product and productivity of
manufacture, which will further enhance the research in this direction.
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T. . 3arorayseka, 1. H., npodecop, KuiBcbkuit HauioHanbHWi yHiBepeuTeT imeHi Tapaca Lesuenka (Ykpaia);

0. 4. Poxxo, f.e.H., npochecop, KuiBcbkuii HavioHanbHWiA yHiBepeuTeT iMeHi Tapaca LeBuyeHka (YkpaiHa);

H. B. Tkayeriko, o.€.H., npocrecop, KniBcbkuin HauioHanbHWiA yHiBepeuTeT iMeHi Tapaca LeBueHka (YkpaiHa).

CyyacHi TpeHAN BNNMUBY Ha eKOHOMiYHUIA PO3BUTOK KpaiH: eNeKTPOHHA KOMepLisi Ta JOCTiAXeHHs i po3pooku

CTDIMK  DO3BUTOK [HQOPMALIIIHUX TEXHOMIOMNN 3a0@3MeYye BUCOKI TEeMIU 3DOCTaHHS OOCSIIB E/IEKTDOHHOI KoMEepLii.
BusHaqeHo, 140 B YkpaiHi €neKkTDOHHmI BI3HEC DO3BUBAETLCS TDOXW [OBIILHILLE, HIX Y CYCIGHIX KDaiHax, LJO 3YMOBIIEHO
EKOHOMIYHOIO, COLJIATIbHOKO Ta TTOSITHYHOK HECTADITIBHICTIO, HU3BKOKO KYIIBEILHOK CIIPOMOXHICTIO HACETIEHHS, SHIKCHHSM TOINTY
Ha T0Bapu | MOCIyrv, [EBATIbBALIEI [PUBHI, BAIIOTHUMY KOJIMBAHHSIMY TOLO. Y CTATTI aKTyaru3yeTbCs UTAHHS BUSB/IEHHS
3AIIEKHOCTEN MK CIIEKTDOHHOK KOMEDLIIEKO Ta IHBECTULIISMY Y JOCITIKEHHS TA DODOOKHU 3 EKOHOMIYHUM DOIBUTKOM  Kpaii, a
TaKOX IOLLYKY [HCTDYMEHTIB BUMIDY CTYIIEHS BI/IBY EICKTDOHHOI KOMEDLIT Ha eKOHOMIYHE 3p0CTaHHS. MeTor cTarTi € noby[oBa
KOMIITIEKCY CKOHOMIKO-MATEMATUYHUX MOJENeH A7 OLiHKU BIUMBY GJIEKTPOHHOI KOMEDUIT Ta [HBECTULIA Y [OC/IAKEHHS Ta
PO3POOKN HA EKOHOMIYHIY POIBUTOK KDAIH. [TODIBHIOKOYM PE3YITbTATH MOLEITIOBAHHS 38 TPbOMA KPAIHAMY, BUIHAYEHO, LYO SHAYEHHS
E7IeKTDOHHOI KOMEPLYIi T4 BUTPAT Ha [OCITI[KEHHS] Ta pO3DOBKY € OifibLu BaroMum /151 3pocTanks BBIT Ha Ayiy HaceneHHs B Ykpaiti
7a [lonbLyi; 14O MOSCHIOETHCSA OiTibLL BUCOKVM DIBHEM DO3BUTKY IHE@ODMALIHUX TEXHOOMV B ABCTDII Ta iT HABIMKEHHS 4O TOYKH
HACHYEHHS BIHOCHO MOKASHVKIB 3DOCTAHHS IHHOBALIMIHNX rary3ed. [lpu MopiBHAHHI CTYIEHIB BI/IMBY NAPAMETPIB E/IEKTDOHHOI
KOMEPLYIi Ta BUTPAT HA LOCIIKEHHST Ta PO3POOKN B 3a3HAYEHNX KpAiHAaX aBTOpamMy, Y10 BUSIBITEHO, L0 JINLLE B ABCTDIT €/IEKTPOHHA
KoMepLyis 3aimae nepluy nosnyix. [lpn aHams napameTpis Mogenes Tobox KpaiH, Bu3HayeHo, 1o BBl Ha fyiy HACe/eHHs €
HavOInIbLL Yy TIINBUM [0 3MIHH TOKAHNKIB CAME B yKDAIHCLKIVE Moges. Lo caigunTs npo Te, 1o eKOHOMIKa YKpaiu € MEHLL CTIIKO
v nopigHsHHI 3 [onbiyero 1a ABCTpieo. Y pamkax [JOCIIKEHHS, [OBEAEHO, O BUTDATH HA LOCITKEHHS Ta po3pobku 1a
E71eKTDOHHOI KOMEPLIi MaE CYTTEBII IINB HA EKOHOMIYHI DOIBUTOK KPAiH Ta CIPHSIE TIIBULYEHHIO OBCATY BHYTDILLHBOIO BATIOBOIO
1DOLYKTY ¥ POLYKTUBHOCTI BUDOOHMLTBA.

KrntouoBi cnosa: enekTpoHHa KoMepLiisi, BOCAMKEHHS Ta po3poOK, EKOHOMIYHMIA PO3BUTOK, EKOHOMIYHE 3POCTaHHS, EKOHOMIKO-
matemaTuyHe MOAEmMoBaHHS!.
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