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YyeJI0BEeK) Ha 00beMbl rOCyJ1apCTBEHHBIX 3aTPAT HA HU(POBU3ALUIO IKOHOMHUKH.
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This article discusses an important economic process - the process of generating public expenditures,
namely, on the digitalization of the Russian economy; an analysis of the distribution of state funds for the
transformation of the technological information environment of Russia is proposed. Main variables, which
hypothetically affect the amount of government spending on digitalization were selected; the constructed model
was tested for errors. A complete comprehensive analysis of the state was carried out for the selected period
2000 - 2018, and the significant effect of the number of Internet users in Russia and the Number of mobile
phones on volumes of government spending on digitalization of the economy were proved.
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Introduction

Currently, the global economy is on the verge of a new transformation. Ongoing
digitalization leads to a change in the global economy by reducing the cost of collecting, storing,
processing data; reduction of production chains, etc. Such changes, of course, affect the
requirements that apply to the skill level of workers and to market participants representing
business and the state. So, the concept of digitalization is the most popular trend of 21% century,
as it has a huge influence on the all the global environment of the economy. Theoretical
economists have not yet reached a consensus on how significant the impact of digitalization on

productivity, what contribution to GDP growth it can give, whether multiplicative and cross-



sectoral effects are possible. But entrepreneurs and departmental experts, as this study shows, have
already felt the scale and inevitability of change in their markets and in their areas of responsibility.
In this matter, it is necessary to remember that the most important niche here is shared by small
and medium-sized businesses. To his considerations and plans is worth look particularly closely.
It is equally important to study the experience of the reaction to the current revolutionary situation
of the more technologically advanced States —the work of their experts, their launched programs
and initiatives related to digitalization. This will help to avoid the same mistakes when compiling
your program and save resources. Finally, it is necessary to analyze our own institutional field in
which the digitalization of our economy and public administration will unfold.

The growing interest in this topic is evidenced by the fact that digitalization covers the
whole world. Due to this, each country must take some measures in order to remain a reliable and
developed partner in the system of international relations. That is, the ability of the country to
develop and become more and more flexible to the new world trends is now considered is very
important.

In this article we suggest analyzing the process of digitalization of the state, namely the
decision of the state to invest budgetary or other investment funds in creating all conditions for the

development of the economy and its digitalization.

Materials and methods

In this article some methods of econometric analysis were introduced. These methods were
used to determine the co-dependencies between the main indicators, which were taken as the basis
of the analysis. Determination of correlations between selected factors as well as various types of
analysis, for example, regression analysis. Also, as the main method for checking the influence of
indicators, statistical tests were used to determine the quality of the constructed connection — the
model.

Now we are going to introduce the thesis and define the main methods for its consideration.
The government of Russian Federation decides to have a specific amount of budget and distributes
it between lots of things, which are connected with the wellbeing of the whole country. The state
budget is the most important financial document of the country. It is a set of financial estimates of
all departments, public services, government programs and others. So, the process of formation of
governmental expenses and the decision of the government to spend budgeted money on a
particular project, particular economic or social sphere is the main topic in this work. We are
going to concentrate on the expenses of the government in the digitalization of the country and
define the main factors which may influence the decisions of the government to spend money on
the



Firstly, let’s consider the data which was taken from the statistical resources on the volumes
of government spending on the digitalization for the last 19 years, that is, for the period 2000 —
2018 years.!

Next, in the main part of the analysis we may introduce some economic factors, which
effect the decision of the government to invest directly in the digitalization of the Russian
economy. In order to conduct the analysis and get the appropriate results of the analysis, some
tests of the numerical data should be introduced. Let’s consider the methodology of the main part
of the analysis:

1)We may construct the model, where volumes of government spending on the
digitalization — is the observed dependent variable, which may be influenced by some independent
variables and may be explained by them. The whole analysis is dependent on the appropriate
choice of variables, which my describe, why has the government decided to spend more or less on
the digitalization of the economy.

Gauss — Markov Theorem — is the main criteria for the introduction of the analysis: A
paired regression model is considered in which observations Y (volumes of government spending
on digitalization) linked to X (the chosen independent variables) with the following dependency
on the basis of n observations:

Yi =p1+ B2 Xi + .

And several criteria are met, such as:

a) The data model is correctly specified;

b)All X; are determined and not all of them are equal;

c) Errors are not systematic, that is it, E(g;) = 0V;;

d)The variance of errors is the same and equal to ¢?;

e)Cov(e;, &) = 0V, j;

Then under these conditions the least squares estimates are optimal in the class of linear
unbiased estimates.

2)In order to check the relations between the variables, we may introduce the regression

analysis, which may show the quality of the built model - R2 = 1 — %&‘2
3)The next step — to introduce F- test, which shows the quality of the model of the
specifications and accepts that previous analysis was not random. The F-test is defined as number

of observations minus the number of parameters.

! Table 1. Data on the Volumes of Government Spending on the Digitalization



4)T-test, which may accept the main variables and show those, which are not so significant
for the analysis.

5) Goldfeld — Quandt test. This test is designed to test the second condition of Gauss
— Markov theorem — the equality of variances of random residuals. In order to implement this test,

we are going to conduct the following steps:
zi = |yl + ly2il + lysil + |yail,
On first n ordered equations of object observations, where n satisfies conditions k+1 <n.
RSS; = ¥ u? =X (vi —y",) , where

u; — GLS — estimate of random disturbance | observation. So, the GQ formula is

RSS;

following: GQ = o5,
2

Random residual of a model is considered to be homoscedastic, when:

{ GQ < Fcritical
GQ_l < Fcritical

6)Durbin — Watson statistical test — statistical criterion used to test first-order
autocorrelation of elements of the sequence being studied.

Main Part

Firstly, lets introduce the main independent variables, which may influence decided by the
volumes of government spending on digitalization. In this work we may introduce the following
variables:

1) Number of internet users in Russia (billion, persons) - N,. This is one of the most
important variables, which shows the level of digitalization of the overall life of a person and the
interconnection of his life and modern technologies. The share of Internet users in Russia is 81%
of citizens. Including 65% go online daily. Among Russians from 18 to 24 years, this figure is
97%?2.

2) Rate of rising population in Russia - R;.

3) Number of mobile abonents per 100 people - A;. This variable shows the portion of
population, which has already digitalized their day — to - day life — with the integration of mobile
connection. The results are: with the development of modern technologies the number of digital
opportunities gets bigger and makes the life of people much easier.

4) Variable, which shows the growing importance of the topic of digitalization and the
rapid growth of the attention of the whole scientific and public society, is - Publications in the field
of Digitalization - P.. In order to identify the growing interest for this topic, look at various

scientific works was taken.

2 https://www.wciom.ru/



Now let’s consider the data on these variables and build the model, where GSD,(Volume
of government spending on the digitalization) is explained by these chosen variables.

Table 1. Initial data for independent variables

Year | Number | Rate of | Publications | Number
of rising in the field of | of mobile
internet | population | ICT and | abonents
users in | (%) Digitalization | (per 100
Russia R, (pieces) people)
(billion P, A,
persons)

N,

2000
35 -0,42 1030 5,32

2001 | 43 -0,43 1145 12,13

2002 | g6 -0,46 1373 24,99

2003 | 115 -0,45 1534 51,18

2004 | 17 -0,52 1640 83,55

2005 | 217 -0,49 1883 105,13

2006 | g -0,46 1889 119,59

2007 | 294 -0,62 2000 139,44

2008 | 337 -0,044 2010 160,77

2009 142 -0,03 2019 166,04

2010 1462 0,045 2030 142,22

2011 1545 0,078 2100 145,07

20121 5q 0,168 3000 152,02

2013 | 666 0,213 3010 153,75

2014 1 g1 4 0,218 3100 157,96

2015 1 gg 0,193 3678 159,15

2016 | o9 0,2 3927 157,86

2017 1 g5 0,18 4036 158,97

2018 1 49 0,14 6020 160,5

{GSDL- = a0+a1 'Nt+a2'Rt+a3'Pt+a4'At+£t
E(e) = 0; o(g;) = const,

And the estimated form of the model:



GSD, = 117,11+ 2,88-N, + 78,22 - R, + 0,12 - P, — 0,4 - 4,
(10,82) (1,70)  (884)  (0,35)  (0,63)
R?2=0,973 df =17;df, = 4;df, =13 F =97,134
t = 0,05, torip = 2,1604 F,pyp = 3,17912

Where a, = 117,11 with the standard error of 10,82; a,= 2,88, with the standard error of
1,70; a, = 78,22, with the standard error of 8,84; a; =0,12 with the standard error of 0,35; a, =
—0,4, with the standard error of 0,63; All this information is obtained from the Regression analysis
table.

Regression analysis

The regression analysis provided in the work with the result that R? = 0,98, which means
that 98% in variance of the volume of government spending on digitalization is explained by
Number of internet users in Russia, Rate of rising population, Publications in the field of ICT and
Digitalization, Number of mobile abonents per 100 people by linear regression model. However,
this value may be random. In order to check, whether the value is random, we introduce, firstly,
F-test.

F-Test

In the work it equals to 97,13. F_,;; in the model observation equals 3,18, so the F_,;; <F.
For the consideration of F critical the level of significance 5% (95% of confidence level) was
considered and degree of freedom is 13. The quality of the model is high and
R? is not random. So, if the Number of internet users in Russia rise by 1 man per 100 per year, the
volume of government spending on digitalization will rise by 2,88 billion rubles. If the Rate of
rising population will rise on 1% per year, the volume of government spending on digitalization
will rise by 78,22 billion rubles. If the Publications in the field of ICT and Digitalization will grow,
the volume of government spending on digitalization will rise by 120 thousand rubles. However,
there are variables, by which we get strange coefficients. That is may be connected to the

phenomenon of multicollinearity.

T-test
Table 2. The table of t value for variables.
ay as a aq Qg
t Value |'2,34| > terit |4108| > terit |1,76 |< terit |2144| >terit |3162| > terit

We may conclude that according to T-test, we consider some of the variables insignificant
for the analysis. These variables are: Publications in the field of ICT and Digitalization — Pt. So,
we are going to conduct further analysis without these variables. After introducing one more t-test
analysis, we find out that the Rate of rising population — Rt is also insignificant for my analysis.

So, after this, let’s see the results of a new t-test:



Table 3. The table of t values for a new number of variables.

T-Test
t -2,29 16,92 10,89
tcritical 2113

Now, as some variables we decided to be insignificant for the analysis of the volume of

government spending on digitalization of the economy, we may introduce a new model:

{ GSDt=a0+a1'Nt+a2'At+€t
E(g;) = 0; o(ep) = const, df = 14; df; = 2;df, =15

And now let’s see the adjusted form of the new model:

GSD, = 202,18 +7,24- N, — 0,54 - A; + &
(14,22) (2,7) (0,73)
E(g;) = 0; a(er) = const, df; = 2;df, = 15;df = 17
Feriticar = 3,25 teriticat = 2,13
GQ =2,13. DW = 0,97

And the new and final regression table for the model is following:

Table 4. Regression Table for the final model.

az ai ao

-0,54 7,24 202,18
Sai 0,23 0,43 18,57
R? 0,98 32,83 -

313,01 15 -

674737,64 16167,16 -

ESS RSS

GQ — test

We would get Fgq constant = 2,13, which may be more than both GQ (0,03) and GQ~*
(0,07), that my results with the positive conduction of the GQ — test. The heteroskedasticity is
considered to be insignificant. So, the null hypothesis of Gauss - Markov Theorem is rejected.

Durbin — Watson statistical test

In order to come up with the results for this test, we need to get residuals from the Data
Analysis folder and download all the information about residuals partly for our data. The first table
is for the period 2000 — 2009, so the RSS; equal to 802,19.

Table 5. Residuals for the period 2000 — 20009.

Significance
c df Ss MS F F




Regression 2 32366,12 16183,06 141,22 6,5E-05
Residual 7 802,19 114,60
Total 9 33168,3

Next table is for the period 2009-2018, representing mainly the RSS,, which equals to
23774,93.
Table 6. Residuals for the period 2009 — 2018.

Significance
df X MS F F
Regression 2 206893,11 76095,76 30,46 2,4E-06
Residual 7 23774,93  396,7958
Total 9 230668

The Durbin-Watson statistic will always have a value between 0 and 4. A value of 2.0
means that there is no autocorrelation detected in the sample. In order to define the values for d;,
and d. For our model we have obtained the following results: DW = 0,97; d;=0,7; d;=1,25. If
DW constant lies between dl and du or 4-du and 4-dl, there is no information about autocorrelation.
According to the number of n equations and the number of k explanatory variable choose values
d; and dy. Since d; < DW < dy, then there is no a sufficient basis for making decisions about the
absence of autocorrelation of random residuals. As result, we have got:

Table 7. DW table for the model.

DW 0,97
0|dl du 2 4-du | 4-dl 4
0/0,7 125 |2 2,75 |33 4

Results

Goals set at the beginning of work were achieved: analysis of the volume of government
spending on the digitalization was performed for the period 2000 — 2018. Major indicators of
economic performance were regarded.

Instruments for constructing a mathematical model were analyzed, theoretical aspects of
model testing such as types of scatter diagrams, Goldfeld - Quandt testing, Durbin — Watson
testing, and all the criteria were explained in detail. So, the F — test has showed that the quality of
the model is high and R? is not random. T — test provided the analysis of the significance of the
coefficients and concluded that, according to T-test, we consider some of the variables
insignificant for the prior analysis. With the t-testing we have obtained a new model. GQ — test
conducts, that the test on the heteroskedasticity is considered to be insignificant. So, the null
hypothesis of Gauss - Markov Theorem is rejected.

While conducting DW — testing, we have got that according to the number of n equations

and the number of k explanatory variable and chosen values d; and dy;, so since d;< DW < dy,



then there is no a sufficient basis for making decisions about the absence of autocorrelation of
random residuals.

Conclusion

Econometric model for the Volume of Governmental Spending on Digitalization was
constructed. Full comprehensive analysis of the state for the current period was implemented,
trends and prospects were identified, and connections between Number of internet users in Russia
(billion, persons) and Number of mobile phones, per 100 people were understood and other
variables.

The goal was to determine which variables and in which degree influence on the economic
condition mostly and it was achieved.

In compliance with our expectations at the beginning of this work, certain independent
variables had to be eliminated from the initial dataset during the process of model construction.
This allows us to make conclusion that among various factors chosen, only 2 indicators, which are
Number of Internet Users and Number of mobile phones per 100 people have the strongest effect
on the Volume of Government Spending on Digitalization.

Analysis of the interdependence of factors showed that many of them have strong
correlation dependence, so some factors were excluded and left to those whose correlation with
the strongest option. The calculated linear regression model was tested for adequacy.
Multicollinearity factors after excluding autocorrelated factors are considered to be insignificant.
It does not distort the result of the study. According to records of regression statistics, it is adequate
and can be used to predict the real situation for the future periods of making the governmental
budgets.

The model is adequate as Y is within the boundaries. According to the results, we see that
N, may increase by 10% - with the grow of N;, GSD, grows systematically. Change in A may
result with decrease by 4% in neutral and even by 10% in the worst occasion. This may result with
1) growing number of technological perspectives such as free Internet and PC in public places,
provided by the government; 2) the growing ability of dashboards and personal computers, ipods
and other devices other than mobile phones, which allow to use all technological perspectives.
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