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Digital transformation and the relationship with economic growth

Abstract

Object: The main purpose of this article is to identify and assess the impact of digital transformation indicators on
economic growth in Kazakhstan.

Methods: For this study, we used methods of statistical multiple correlation and regression analysis based on the
software package “Data Analysis” offered by MS Excel. We used data from the official website of the Bureau of Na-
tional Statistics of the Agency for Strategic Planning and Reforms of the RK at stat.gov.kz.

Findings: The primary selection of statistical indicators was carried out and a group of factors (and corresponding
indicators) was determined hypothetically influencing economic growth for the period 2007-2020. There are 14 factors
that have a significant impact on gross value added. Based on the selection of the most significant factors, a regression
equation is constructed that demonstrates the degree of influence on the resulting GVA. The obtained regression model
was evaluated. The found regression equation is significant according to the Fisher criterion, all its parameters, includ-
ing the free term, are significant according to the Student's criterion with a maximum error of 0.07. The multiple corre-
lation coefficient is 0.99. The obtained results can be useful in planning GDP and GVA, both at the regional and nation-
al level.

Conclusions: In the system of gross value added indicators, an important place is occupied by the indicators of the
number of organizations using the Internet, the unemployment rate and computer literacy of the population. The analy-
sis demonstrates a strong relationship between these indicators. As a result, we saw that the relationship between these
indicators can be explained by a linear equation with an average accuracy of 97%. At the same time, for a more ade-
quate analysis of the situation, it is also necessary to take into account the inverse relationship between changes in un-
employment rates in the Republic of Kazakhstan and added gross value. The negative correlation between these indica-
tors confirms the vulnerability and instability of the economy from changes in the unemployment rate.

Keywords: digital economy, economic growth, the impact of digitalization, multiple regression, correlation.

Introduction

The article discusses the indicators of the digital transformation of the economy and business in Ka-
zakhstan and its potential impact on the economic growth of the country.

The digital revolution is in full swing and gaining momentum. The established indicators and assess-
ment tools cannot keep up with the rapid pace of digital transformation (OECD, 2019a). OECD (2019b),
which reveals many gaps in the existing system of measuring digital transformation and reports from interna-
tional organizations suggest new indicators and recommend improving the international comparability of
currently used ones.

The article examines such statistical data to assess the development of the digital economy, starting with
the number of large and medium-sized enterprises using digital technologies, the number of Internet and
computer users, the total costs of information and communication technologies, the main goals of using the
Internet by household members, indicators of the use of information and communication technologies in or-
ganizations, indicators, characterizing the development of E-commerce in the Republic of Kazakhstan, digi-
tal literacy of the population, export and import of goods related to information and communication technol-
ogies.

The research questions that will be answered in this article are as follows:

(1) What indicators can be used to calculate the aggregated indicator of Kazakhstan's digital transfor-
mation?
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(2) Can these values be used to predict the GVA indicator for Kazakhstan?
To answer these research questions, we use data from the reports of the Bureau of National Statistics of
the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan for 2007-2020.

Literature Review

Digitalization of the economy opens up huge opportunities in such areas as economics, innovation, edu-
cation, healthcare, management and lifestyle (Miihleisen, 2018). Less than 1 percent of technologically pro-
cessed information worldwide was in digital format in the late 1980s, and more than 99 percent by 2012
(Hilbert, 2020). Moreover, every 2.5-3 years, humanity can accumulate more knowledge than before the
birth of civilization (United Nations Conference on Trade and Development (UNCTAD), 2019).

A lot of work has been written about the impact of digital transformation on the economy, but, as far as
we know, no attempt has yet been verified to measure the relationship of the above indicators with the real
growth of the economy in Kazakhstan.

We want to fill this gap by trying to assess the digital transformation in Kazakhstan by several criteria
and exploring its relationship with economic growth. The article discusses the question of which indicators
to use to assess the level of digitalization of the economy and business. We also use economic data analysis
models to check whether changes in these indicators affect economic growth in Kazakhstan, in particular
Gross Value Added (GVA).

The novelty of the article is the assessment of the impact of digitalization on economic growth and the
construction of a mathematical equation of this connection. The model we propose can become one of the
tools for forecasting the GVA for future years. We point out that digitalization contains the potential for eco-
nomic growth, and innovation supports the sustainability of the economy.

In the economy, the digital revolution began on a large scale at the end of the 20th century, when the In-
ternet was introduced into economic use. The positive effects of the digital economy can be seen on count-
less fronts. Molinari & Torres write that, first of all, digitalization supports economic growth, but the power
of influence depends on the research methodology used in the study and the geographical configuration (Mo-
linari, Torres, 2018; Solomon, van Klyton, 2020). Other researchers have found that this also greatly changes
the structure of the labor market, reducing the demand for routine work and low-skilled workers (Peetz,
2019). In addition, digitization is transforming the way businesses work and interact with their customers and
suppliers. This has a significant impact on improving the efficiency of business operations (Ritter, Pedersen,
2020). In addition, it is strongly recommended to better adapt existing statistical systems to the rapid changes
caused by digital

In 2018, in order to study the impact of digitalization on the economy, the ECB conducted a special
survey of leading companies in the eurozone (Elding, C., Morris, R., 2018), the main purpose of which was
also to measure how digital transformation affects macroeconomic aggregates. This study examined 74 lead-
ing non-financial companies. In our article, we studied not individual firms, but the economy as a whole. As
a measure of economic growth, we chose added gross value, since it shows the economic well-being of the
population, including all primary incomes.

According to the survey results, the overwhelming majority of respondents felt that digitalization has a
positive impact on their company's sales. More than half expect that the introduction of digital technologies
will lead to a “slight increase” in sales over the next three years, while about a third expect a “significant in-
crease”. To some extent, this positive opinion may reflect the relative size.

Methods

The research methods are multiple correlation analysis and regression analysis.

As independent variables of the model, statistical data used to assess the development of the digital
economy by international organizations are taken, starting with the number of large and medium-sized enter-
prises using digital technologies, the number of Internet and computer users, the total costs of information
and communication technologies, the main goals of using the Internet by household members, indicators of
the use of information and communication technologies in organizations, indicators characterizing the devel-
opment of E-commerce in the Republic of Kazakhstan, digital literacy of the population, export and import
of goods related to information and communication technologies, investments in fixed assets and the unem-
ployment rate.
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Results

The research work consisted of the following stages:

- To determine the indicators that are indicators of the digital transformation of the economy of Ka-
zakhstan and search for statistical data on the above indicators for the period from 2007 to 2020, also
select indicators of GVA, exports and imports for these periods.

- To process statistical data first and then filter them out.

- To identify the relationships between variables and evaluate the strength of this relationship. Under-
stand how they affect each other and determine how strong.

- To select the variables x that we will use for the equation of the GVA calculation model. It's not nec-
essary that all variables will remain. It is possible that 2-3 or even 1 indicator will remain in the cal-
culation.

- To get a regression model and evaluate how it corresponds to the data that we have.

There are many software products for analyzing statistical data. For calculations, the authors used the
built-in MS Excel tools, as well as an additional add-in “Data Analysis”, where there are many different sta-
tistical tools.

To begin with, in Table 1, we collected statistical data on the GVA and 14 other indicators that could
hypothetically be related to the digitalization of the economy and business in one way or another, and deter-
mined which of the indicators are independent (arguments) and which dependent (function).

Independent variables:

X1 - The number of organizations using the Internet units network;

X2 - Labor productivity Index;

X3 - Computer literacy at the age of 6 years and older: Novice user (was changed to a quantitative
indicator taking into account the population for the corresponding periods), units;

X4 - Computer literacy at the age of 6 years and older: An ordinary user (was changed to a quantita-
tive indicator taking into account the population for the corresponding periods), units;

X5 - Computer literacy at the age of 6 years and older: Experienced user (was changed to a quantita-
tive indicator taking into account the population for the corresponding periods), units;

X6 - The level of innovative activity of enterprises in all types of innovations;

X7 - Innovative products and services produced in 1 year, units;

X8 - The volume of manufactured industrial products (goods, services) in the field of information
and communication technologies (in current prices of enterprises), million tenge;

X9 - Indicators of the global competitiveness index by the factor “Level of technological develop-
ment”’;

X10 - Exports, million US dollars;

X11 - Imports, million US dollars;

X12 - Investments in fixed assets, million tenge;

X13 - Number of employed people;

X14 - Unemployment rate, as a percentage.

Dependent is the value measured in connection with changes in independent values.

In this case, the GVA (million tenge, signed as Y) is considered depending on changes in other indica-
tors.
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Table 1. Statistical data on GVA and 14 indicators from 2007 to 2020

Year

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

Num
ber of
or-
gani-
za-
tions
GVA |using
mil- |the
lion |Inter-
tenge |net

y x1

12772
498,2 |6803

13056
532,9 |35089

14506
780,8 44046

21115
891,00/ 45354

25741
874,80/ 48064

28528
090,1 (49853

32896
601,00/ 58456

36651
572,20/52630

38783
900,40/ 65186

44337
585,50/ 75779

51195
859,30/ 79658

57706 | 10070
553,302

64681 | 10553
604,80/1

66828 | 11024
235,10/6

Com-
puter
literacy
La- |atthe
bor |age of 6
Prod |years
uc- |and
tivity | older:
In- | Novice
dex |user
x2 |x3
4984560
107,5 |00
3566280
100 |00
2960560
100,2 |00
2692800
103,7 |00
2649600
105 |00
2921460
102,5 |00
2982000
105,1 |00
2991170
104,6 |00
4560400
100,6 |00
3735900
100,2 |00
4167240
104,3 |00
4295800
103,1 |00
4368360
103,7 |00
4218750
97,5 |00

Com- | Com-
puter puter
literacy | literacy
at the at the

age of 6 |age of
years 6 years
and and
older: older:
Ordi- Experi-
nary enced
user user

x4 x5

82818000/2012400
0 00

94364400/2509020
0 00

10764210|1866440
00 00

10624320|1729920
00 00

11078640/1457280
00 00

11148560/1964430
00 00

12268800/1755120
00 00

12414220|1746290
00 00

11734260|1245340
00 00

98378700/9784500
0 0

10030240(9020000
00 0

10437880(1243040
00 00

10939410(1314210
00 00

11643750/1481250
00 00

The
level
of
inno-
vation
activi-
ty of
enter-
prises
and
organ-
iza-
tions
on
tech-
nolog-
ical
inno-
va-
tions

X6

4.8

43

57

57

8,1

8,1

9,3

9,6

10,6

11,3

11,5

Innova-
tive
products
and
services
produced
in 1 year

X7

9214522
7

1107651
42

8333747,
03

1418008
6,1

2372416
43

3783852
7,7

5795843
0,4

5792671
6

3761340
2,9

4462259
25

8428722
9,6

1063296
03

1112522
02

1716771
51

The
volume
of manu-
factured
industrial
products
(goods,
services)
in the
field of
infor-
mation
and
commu-
nication
technol-
ogies (in
current
prices of
enter-
prises)
million
tenge.

x8

12461,59
6

10883,03
8
9733,085

11428,67
7

16099,22
2

22851,83
1
29638,6
30168,6
17493
22805
21245
22509,3

23265

22879

Indica-
tors of
the
global
com-
peti-
tive-
ness
index
by the
factor
“Level
of
tech-
nolog-
ical
devel-
op-

ment”

X9

81,3

103

106

119

152

180

178

165

150

143

148

143

148

152

Exports,
million
us
dollars

x10

3424,832
6

4292,415
7

4103,678
78

4118,964
03

4337,739
92

5430,908
3

5970,584
06

7002,484
34

6177,432
15

6084,529
82

6504,880
1

7319,913
58

7745,297
88

5032,037
67

Import
million
us

dollars

x11

11868,08
25

11218,92
9

10081,72
76

11368,54
29

10972,94
84

1434454
98

14083,52
05

13845,94
69

10897,73
82

9846,945
36

10082,64
96

11981,36
84

11462,19
22

8096,358
06

The

Invest- |num-
ments | ber of
in fixed |active |Une
assets |peo- |mplo
million |ple, ymen
tenge |units. |t rate
x12 x13 x14
3392 143499
122 60 7,3
4210 147385
878 20 6,6
4585 150280
298 60 6,6
4 653 153734
528 40 5,80
5010 156657
231 60 5,40
5473 159001
161 30 5,30
6072 161539
687 20 5,20

6591 (164255
482 00 5,00
7024 166454
709 60 5,10
7762 169005
303 00 5,00
8770 171560
572 40 4,90
11179 (173842
036 80 4,90
12576 (176215
793 20 4,80
12270 (178312
144 50 4,90

Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the RK,
https://stat.gov.kz.

The first thing we investigated was how homogeneous our data was for each variable. That is, possible

outliers were excluded from the model, the values of which were very different from the rest. They could
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have arisen either due to human error (typo), or it was a unique case (crisis, pandemic, lockdowns, sanc-
tions). Outliers were determined visually using the MS Excel tool - color scales (Table 2). If there are no out-
liers, that data is distributed more or less evenly. Otherwise, the outliers are very different in color with
neighboring cells. The years 2007, 2015 and 2020 were chosen as such emissions, and it was decided to ex-
clude them from the model. As a result, we received the primary filtered data.

Table 2. Visual definition of emissions

year y x1 X2 x3 x4 x5 X6 X7 x8 X9 x10 x11 x12 x13 x14
127724 12461,59 3424,832(11868,08 |3392  |143499

2007 98,2 |6803 |107,5 |4984560 |8281800  |2012400(4,8 92145227 |6 81,3 |6 25 122 60 73
130565 11076514,(10883,03 4292,415|11218,92 |4 210  |147385

2008 32,9 [35089|100 |3566280 [9436440  |2509000(4 2 8 103 77 9 878 20 6,6
145067 8333747,0 4103,678|10081,72 |4 585 |150280

2009 |80,8 (44046 (100,2 |2960560 (10764210 |1866440|4 & 9733,085|106 78 76 298 60 6,6
211158 14180086,(11428,67 4118,964|11368,54 |4 653 |153734

2010 |91,00 |45354|103,7 |2692800 |10624300 (1729920(4,3 1 7 119 03 29 528 40 5,80
257418 23724164,|16099,22 4337,739|10972,94 |5010 |156657

2011 |74,80 |48064|105 |2649600 |11078640 |1457280|(5,7 3 2 152 92 84 231 60 5,40
285280 37838527,|22851,83 5430,90814344,54 |5 473  |159001

2012 |90,1 |49853|102,5 |2921460 |11148560 |1964430|5,7 7 1 180 3 98 161 30 5,30
328966 57958430, 5970,584|14083,52 |6 072  |161539

2013 |01,00 [58456|105,1 [2982000 [12268800 |1755120(8 4 29638,6 (178 06 05 687 20 5,20
366515 7002,484(13845,94 | 6591 |164255

2014 72,20 |52630|104,6 |2991170 |12414220 |1746290|8,1 57926716 |30168,6 (165 34 69 482 00 5,00
387839 37613402, 6177,432(10897,73 |7 024  |166454

2015 |00,40 |65186|100,6 |4560400 |11734260 |1245340|8,1 9 17493 [150 15 82 709 60 5,10
443375 44622592, 6084,529(9846,945 |7 762  |169005

2016 (85,50 |75779|100,2 |3735900 |9837870 (978450 |9,3 5 22805 [143 82 36 303 00 5,00
511958 84287229, 6504,880(10082,64 |8 770  |171560

2017 159,30 |79658|104,3 |4167240 |10030240 (902000 |9,6 6 21245 |148 1 96 572 40 4,90
577065 (10070 10632960 7319,913(11981,36 |11 179 |173842

2018 |53,30 |2 103,1 (4295800 (10437880 |1243040{10,6 |3 22509,3 (143 58 84 036 80 4,90
646816 |10553 11125220 7745,297(11462,19 |12 576 |176215

2019 04,80 |1 103,7 (4368360 (10939410 |1314210{11,3 |2 23265 [148 88 22 793 20 4,80
66828211024 17167715 5032,037(8096,358 |12 270 |178312

2020 35,10 |6 97,5 [4218750 |11643750 |1481250(11,5 |1 22879 [152 67 06 144 50 4,90

Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the RK,
https://stat.gov.kz.

Up to this point, the indicators were studied separately from each other. Next, we will look at their con-
nections with each other. For a preliminary analysis of the relationship, the authors calculated the correlation
coefficient, and based on it, a correlation matrix was constructed (Table 3). Correlation, as a relationship be-
tween phenomena, can be more or less close, i.e. the dependence of one quantity on another is more or less
clearly expressed. The main task of the correlation method is to establish the closeness (strength) of the con-
nection between phenomena. The closer the connection, the greater the influence of the studied factor on the
result and the less influence of extraneous factors for this case. In order to most fully identify the dependence
of the factorial and effective indicator in the dynamics of the studied indicators, a larger number of periods
should be taken. After the initial filtering of statistical data, there are 11 periods left to calculate the model.
As described above, this is done in order to exclude periods with unique cases or errors. At the intersection
of a row and a column, you can observe the correlation coefficient between variables. The matrix is symmet-
ric with respect to the diagonal.
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Table 3. Correlation matrix

y x1 X2 x3 x4 x5 X6 X7 x8 X9 x10 x11 x12 x13 x14
v 1

0,9687
x1 867 1

0,3388 |0,2027
X2 247 064 1

0,7973 |0,8467 |0,1349
x3 520 12 27 1

0,0138 |0,1057 |0,6557 |0,4692
x4 902 86 071 00 1

0,7673 |0,7436 |0,2936 |0,5183 |0,1171
X5 27 50 16 78 118 1

0,9778 |0,9324 |0,3374 |0,7690 (0,0850 |0,7546
X6 858 1928 694 |235 |493 |96 1

0,9620 (0,9319 |0,4137 |0,7872 |0,1191 |0,6220 |0,9469
X7 863 283 646 893 196 |42 313 1

0,6051 |0,4498 |0,5267 |0,2085 (0,6181 |0,3592 (0,7054 |0,6398
x8 244 1662 (970 {913 |037 |09 611 856 (1

0,4094 10,2475 |0,6388 |0,0749 (0,6637 |0,2735 |0,4637 |0,4376 |0,8665
x9 084 183 532 22 337 |28 613 812 849 1

0,9233 |0,8486 |0,3470 (0,7067 [0,2389 |0,5586 |0,9457 |0,9434 |0,7875 |0,5213
x10 (334 155 033 139 969 77 355 351 204 488 1

0,0282 |0,1469 |0,4465 |0,3315 |0,7487 |0,4027 (0,0174 10,1260 |0,6130 |0,7020 |0,2452
xI11 |40 58 264 |72 323|213 491 |495 990 (885 275 |1

0,9698 |0,9860 |0,2206 (0,8588 [0,0632 |0,6663 |0,9295 (0,9532 (0,4685 |0,2446 |0,8879 (0,0884
x12  |435 683 046 197 01 36 630 796 435 952 662 42 1

0,9903 |0,9412 |0,3582 |0,7432 |0,0646 |0,8095 |0,9827 (0,9397 [0,6680 |0,4788 |0,9261 (0,0008 [0,9322
x13  |573 034 176 813  |419 12 305 425 515 197 819 78 748 1

0,8621 |0,7392 |0,5990 |0,4347 |0,3081 |0,7467 |0,8724 |0,8067 |0,8145 |0,7492 |0,8344 |0,2522 |0,7258 (0,9048
x14 |10 50 37 75 34 576 33 68 68 89 30 95 87 57 1

Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the
RK, https://stat.gov.kz.

We see that there is a connection between some variables X. In particular, there is a very strong direct
correlation between X1 and X6, between X1 and X7. On Figure 1, you can see this relationship. All points
lie approximately on the same straight line. There is also a significant relationship between the other varia-
bles. According to the data presented in Table 3, it can be seen that the variables X6, X7, X12 and X13 cor-
relate with the rest of the indicators. If there is a strong correlation between variables, this is called multicol-
linearity. At the same time, one of the variables should be excluded from the calculation. If this is not done,
it can lead to the following problems:
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e Small changes in the source data will lead to large changes in the coefficients.
e Instability of the solution.
e There is a high probability of a model error.

We are also looking at the Y column. These values show how strongly the variables X affect Y. In cor-
relation analysis, it is established when the correlation coefficient:

r > 0,7 - the relation is considered close;
0.5<r<0.7 - the relation is average;
r < 0.5 - the relation is weak.

With a weak connection between the function Y and the argument X, the influence of this factor, taken
as X, is insignificant and can be neglected. And the change in the performance indicator is mainly due to
other factors.

On the table we see that X2, X4, X9, X11 have little effect on Y. Only X1, X3, X5, X6, X7, X10, X12
have a significant effect on the function. The indicator X8 has an average relationship. For a better analysis,
values with a close correlation were selected, that is, where r > 0.7. The remaining indicators were excluded
from the calculation.

Relationship between X1 and X6 Relationship between X1 and X7

X6

0 20000 40000 60000 80000
X1

Figure 1. Multicollinearity between X1 and 6, X1 and X7

100000 120000

Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning
and Reforms of the RK, https://stat.gov.kz.

As a result, the correlation matrix was reduced to 5 variables (Table 4). We can observe that the most
significant impact on the GVA is X1, that is, the number of organizations using the Internet is slightly less
than 0.97. The next variable in influence was X10, exports from the Republic of Kazakhstan with a value of
0.92. Indicator X3, Computer literacy at the age of 6 years and older: a novice user, slightly below 0.80. Un-
like the first three variables, which have a direct correlation with the GVA, the remaining two indicators un-
der consideration are X14 (Unemployment rate) and X5 (Computer literacy at the age of 6 years and older:
Experienced user) has a negative effect on the VDS: approximately -0.86 and -0.77, respectively. The fact
that the reduction in unemployment will have a positive impact on the GVA was expected, however, it is
surprising that despite the decrease in the number of experienced PC users, gross value added is steadily
growing.

Table 4. Correlation table, with variables where r > 0.7 with respect to Y

y x1 X3 X5 x10 x14
y 1
x1 0,96878674 |1
X3 0,79735205  |0,846712 1
X5 -0,7673273 -0,7436505 -0,5183783 1
x10 0,92333349  |0,84861553  |0,70671391  |-0,5586777 1
x14 -0,8621109 -0,7392504 -0,4347756 0,74675768  |-0,8344306 1
Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Re-
forms of the RK, https://stat.gov.kz

118

BecTHuk KaparaHgmMHCKOro yHusepcureTa




Digital transformation and the...

Compilation of a regression model.

The correlation coefficient indicates only the degree (closeness) of the relationship in the variation of the
two variables. But it does not give an idea of how one quantity changes quantitatively as the other changes.

With the help of regression, the task is to establish how the effective indicator Y changes quantitatively
when the factorial indicators X change by one. Thus, a model is formed that makes it possible to predict the
change in the result Y with a given change in factors X.

At this stage, a formula has been drawn up by which we could, knowing the variables X, or rather the
number of organizations using the Internet, the number of experienced PC users and the number of novice
PC users, calculate the VDS. A straight-line regression model will be applied here:

Y =a0 +alxl +... +anxn,
where Y is the GVA;

a0, al, an - the regression coefficients;

x1, xn - variables.

This equation reflects a uniform change in the performance indicator with a change in factor indicators.
The projected calculation of GDP is made by substituting the values of the corresponding factors into the
planned equation.

The values of the parameters of the regression coefficients (ay, a4, etc.) can be found in various ways.
The most common is the least squares method. With this method, the line that aligns the empirical data
should pass so that the sum of the squares of deviations from this line is the smallest.

Using the Data Analysis tool from MS Excel, we can get the following data:

Table 5. Regression analysis with variables X1, X3, X5, X10, X14.
Output of results

Regression statistics

Multiple R 0,99789005

R-square 0,99578456

Normalized R-square 0,99156912

Standard error 1583038,68

Observations 11
Analysis of variance
df SS MS F Significance of F
Regression 5 2,96E+15 5,9198E+14 236,22308 6,24E-06
Remains 5 1,25E+13 2,506E+12
Total 10 2,97E+15

Standard Lower Upper
Coefficients |error t-statistics P-Value Lower 95% |Upper 95% |95.0% 95.0%

Y-
intersection |32629014,2 (13579462 |2,40282084 |0,06140631 |-2278103,99 (67536132,5 |-2278104 |67536132,5

x1 343,808752 |69,6979927 |4,93283577 |0,00434892 |164,644358 |522,973146 |164,644358 |522,973146

x3 0,03521539 |0,01879043 |1,87411327 |0,11977892 |-0,01308694 (0,08351773 |-0,0130869 (0,08351773

X5 -0,0146264 |0,0232805 |-0,628269 0,55740518 |-0,07447085 |0,04521802 |-0,0744708 |0,04521802

x10 2124,85111 |1214,79854 |1,74913867 |0,14067841 |-997,887967 |5247,59018 |-997,88797 |5247,59018

x14 -7514230,9  |2414396,35 |-3,1122607 |0,02648297 |-13720634,3 |-1307827,5 |-13720634 |-1307827,5

Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the
RK, https://stat.gov.kz.

The most important indicators in this table were highlighted in bold. The first is the R-square. This val-
ue shows how much the change in Y can be explained by changes in variables X and shows the adequacy of
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the equation. In this case, the indicator 0.99 is very high. The next thing to pay attention to is the significance
of F. The significance of F allows you to check the significance of the regression equation, i.e. to determine
whether the mathematical model expressing the dependence between variables corresponds to experimental
data and whether the explanatory variables included in the equation (one or several) are sufficient to describe
the dependent variable. For the significance of the model, it should not exceed 0.05. In our case, it is equal to
6.24E-06, therefore the overall significance is confirmed.

In addition, P-values were determined. The P-value is the lowest value of the significance level (i.e., the
probability of rejection of a fair hypothesis) for which the calculated verification statistics leads to rejection
of the null hypothesis. Usually, the p-value is compared with the generally accepted standard significance
levels of 0.005 or 0.01. For example, if the value of the test statistics calculated from the sample corresponds
to p = 0.005, this indicates a probability of validity of the hypothesis of 0.5%. Thus, the smaller the p-value,
the better, since this increases the “strength” of the rejection of the null hypothesis.

However, in the table we can observe that the P-values for X5 and X10 critically exceed the permissible
levels (0.55, and 0.14, respectively). Therefore, further construction of the model based on these indicators is
not statistically significant. Thus, it can be concluded that the resulting multiple regression equation is signif-
icant, but its adequacy is rather low, therefore, the recommendation is to remove statistically insignificant
factors in order to ensure the accuracy and quality of the model.

Based on this, it was decided to exclude the indicators X5 and X10 and leave in the model only the
GVA, the number of organizations using the Internet, Computer literacy at the age of 6 years and older; the
novice user and the unemployment rate. And as a result, we simplify the model to three variables and build
Table 6 on its basis.:

Table 6. Regression analysis with variables X1, X3, X14.

Output of results

Regression statistics
Multiple R 0,99642293
R-square 0,99285866
Normalized R-square 0,98979809
Standard error 1741388,78
Observations 11
Analysis of variance
df SS MS F Significance F
Regression 3 2,95E+15 9,84E+14 324,40287 7,15E-08
Remains 7 2,12E+13 3,03E+12
Total 10 2,97E+15
Standard Upper
Coefficients error t-statistics P-Value | Lower 95% | Upper 95% [Lower 95.0%| 95.0%
Y-
intersection |52476960,2 |8689588,66 |6,03906148 |0,00052159 [31929348,1 |73024572,3 |31929348,1 |73024572,3
x1 370,257029 (68,8772607 |5,3756062 |0,00103525 |207,388188 |533,12587 |207,388188 [533,12587
X3 5,011375 0,01866986 |2,68420572 |0,03134769 |0,00596654 |0,09426095 |0,00596654 (0,09426095
x14 -10610029 |1479690,18 |-7,1704394 |0,00018208 |-14108940 |-7111117,4 |-14108940 |[-7111117,4
Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Re-
forms of the RK, https://stat.gov.kz.
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Table 6 shows that all 4 coefficients, Y-intersection, X1, X3, 14 of them are statistically significant. The
P-values of 5.2E-04, 0.001, 0.031 and 1.8E-04, respectively, are very scanty, which means that the random-
ness of the correct result in the first coefficient is 0.05%, in the second 0.1%, in the third 3%, and in the
fourth is almost zero. The significance of F also does not exceed 0.05. The R-square of the model is greater
than 99%, which indicates a very high approximation accuracy (the model describes the phenomenon well).

The regression equation will be calculated using the following formula:

Y1=a¢+ a;x; +ayx3 + azxqa,

where Y1 is the estimated GVA;
ay,a4,a,,0a5 - regression coefficients;
x4 - number of organizations using the Internet units network;

X3 - computer literacy at the age of 6 years and older: Novice user (was changed to a quantitative indi-
cator taking into account the population for the corresponding periods), units;

X14 - Unemployment rate, as a percentage.

The coefficients ay, a, , a, , and a3 can be found by the least squares method, or you can look in Table
6 in the coefficients column. The equation in its final form, taking into account the found parame-
tersay, a; , a, , and az will take the form:

Y1 =52476960,2 + 370,257029x; + 5,011375x3 — 10610029x44,

To check the calculated values of a0, al, a2, and a3, the values are substituted into both initial equations
of the system. Performing equalities in the original equations with the calculated data a0 and al will indicate
the correctness of the calculation.

If we substitute various values of the number of organizations using the Internet, the number of novice
PC users and the unemployment rate into the regression equation, we get the theoretical values of the GVA
(Y1) corresponding to these indicators (Table 7).

Table 7. Theoretical values of the GVA (Y1) and the percentage of error of the model.

year X1 X3 X14 Y Y1 Error
2008 35089 3566280 6,6 13056532,9 13314684,41 2%
2009 44046 2960560 6,6 14506780,8 13595586,85 6%
2010 45354 2692800 58 21115891 21226060,36 1%
2011 48064 2649600 54 25741874,8 26256977,01 2%
2012 49853 2921460 53 28528090,1 29342761,98 3%
2013 58456 2982000 52 32896601 33892474,69 3%
2014 52630 2991170 5 36651572,2 33903317,28 7%
2016 75779 3735900 5 44337585,5 46206518,19 4%
2017 79658 4167240 4,9 51195859,3 50865354,36 1%
2018 100702 4295800 4,9 57706553,3 59301305,59 3%
2019 105531 4368360 4.8 64681604,8 62513904,99 3%
Average error 3%
Maximum error 7%
Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Re-
forms of the RK, https://stat.gov.kz.
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The parameters of the regression equation a, ,a, and a3 are called regression coefficients, which are the
main indicators in the equation. Regression coefficients a, , a, ,and az show by how many units on average
the effective indicator Y changes with a change in factor indicators X by one.

Based on the results of the calculations, it is advisable to draw the following conclusions:

An increase in the number of organizations using the Internet by 10,000 units over the period corre-
sponded to an increase in the GVA by about 3,702,000 million tenge. In other words, the equation shows that
an increase in the number of companies using the Internet by 9.47% will entail an increase in GVA by more
than 5.7%.

An increase in the number of people with computer knowledge at the Novice user level by 10% will
lead to an increase in the GVA by 3.38%.

And, finally, a decrease in the unemployment rate by 1% corresponds to an increase in the GVA by
16.4%.

The free term of the equation a, is a certain basis that must be taken into account when using the re-
gression coefficient.

Using Y1, we can estimate the accuracy of the model. In column 7 (errors) of Table 7, the percentage of
model error was calculated. The average error rate is 3%. Considering this and other above-mentioned
checks, in particular R-squared (greater than 99%), P-values (5.2E-04, 0.001, 0.031 and 1.8E-04 for Y and
X1, X3 and X14, respectively) and the significance of F (does not exceed 0.05), we can conclude that the
model gives quite an acceptable good result, and with its help it is possible to make a forecast of the GVA at
the specified (planned) values of the number of organizations using the Internet, the number of people with a
computer proficiency level at the level of the initial user and the unemployment rate.

Discussions

The results of the regression analysis (Table 6) suggest that the GVA can be explained, among other
things, by an increase in the number of organizations using the Internet and the level of computer literacy of
the population, as well as a decrease in unemployment. The estimated coefficients are statistically signifi-
cant, which means that digitalization is a significant indicator of economic growth. Thus, the results obtained
confirm the study of Solomon and van Clayton (2020) on the positive impact of digitalization on the econo-
my. In addition, by the method of correlation and regression analysis, a fairly correct mathematical model
was built in our article that determines the degree of this influence.

In addition, our study, which establishes a link between the indicators of digital transformation and eco-
nomic growth, supports the idea of focusing investments of the Republic of Kazakhstan on digital conver-
gence within the framework of the Digital Kazakhstan program plan, which aims to accelerate the pace of
development of the economy of the Republic of Kazakhstan and improve the quality of life of the population
through the use of digital technologies in the medium term, as well as the creation of conditions for the tran-
sition of Kazakhstan's economy to a fundamentally new development trajectory, ensuring the creation of the
digital economy of the future in the long term. So, we recommend Kazakh investments to focus on the pro-
cess of digital transformation and its acceleration for further growth.

Conclusions

Regression analysis showed that the influence of each indicator on the GVA is unbalanced and strongly
depends on the correlation between variables. As expected, the problem of strong correlation led to double
counting and inaccuracies in calculations. You can get a very accurate model by reducing the set of diagnos-
tic variables.

The results of the analysis positively confirmed the hypothesis that economic growth measured by gross
value added can be reliably explained by indicators of digital transformation. At this stage of Kazakhstan's
development, the digital transformation of the country's enterprises has a positive impact on its economic
growth. The authors concluded that the quantitative growth of companies using the Internet in their activities
significantly affects the country's GVA indicator. The level of computer literacy affects this indicator a little
less. The unemployment rate was the leader among the indicators. It is assumed that, as technology develops,
the digitization process will be carried out faster and cheaper, which will entail a greater positive impact on
economic growth.

Our results are of great importance to government authorities in terms of measuring, supporting and
deepening digital transformation. If government agencies in the Republic of Kazakhstan want to support and
even stimulate economic growth, it is recommended to legislatively encourage digital transformation, paying
special attention to companies using the Internet in their activities, improving computer literacy of the popu-
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lation and reducing unemployment, since these indicators gave the highest connection and accuracy with
economic growth in our model. It is advisable, in our opinion, to introduce and calculate indicators of digital-
ization of workplaces.

Our research has some limitations. When using the model, after filtering and excluding variables, there
are only 3 indicators that can be used with high accuracy for planning the GVA. When trying to use addi-
tional variables, the accuracy of the model is significantly reduced. We plan to conduct a series of analyses
and studies to identify other indicators to improve our model.
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u¢pabik TpanchopManus KIHe IKOHOMHUKAIBIK 6CYMeH 63apa 0ailuIaHbIC

Anoamna

Maxcamvl: MakanaHbIH HETI3Ti MakcaThl IUQPIBIK TpaHchopMalus KepceTkimrepiniy KaszakctaHaarsl 9KOHO-
MUKAJIBIK 6CyTe 9CepPiH aHBIKTay JKoHe Oaramay.

Odici: 3epTTey OapbhIChIHAA CTATUCTHKAIBIK KOI KOPPEIAIHMSIIBIK-PETPecCIsUIBIK Tanmay omicrepi MS Excel
OarmapiaaMachlHBIH «MaiMeTTep I Taaay» KoJaaHOa bl MakeTi HeTi3iHae KOIAaHbUIABL. 3epTTeYAiH aKmapaTThIK Oa-
3acel Kazakcran PecmyOnmkacel CTpaTerHsUIBIK JKOcTapiay jkoHe pedopManap areHTTIiTiHIH ¥IITTBHIK CTaTUCTHKA OFO-
POCHIHBIH Statgov.kz pecMu CalThIHBIH MAJIIMETTEDI.

Kopuvimuinoer: CTaTUCTUKAIBIK KOPCETKIIITEp i OacTanksl ipikrey yprisingi sxoHe 2007-2020 xpuiiap Ke3eHiH-
Jie SKOHOMHKAHBIH 6CYiHE THIIOTETUKAIIBIK 9cep eTeTiH (akTopiap (koHE THICTI MHIUKAaTOpJap) TOObI alKpiHAANIbL. EH
MaHpI3/ibl (haKTOpIap/bl TaHJAy HeETi3iHjae perpeccust TeHueyi Kypbuiasl, on ansinFad JKKK-ra acep eTy mopexecin
KepceTe/i. ANIbIHFaH PEerpeccusuIblK MOJeNb Oarananabl. TaOburran perpeccus tTenneyi duiep kpurepuiti GoibIHIIA
MaHbBI3/[bI, OHBIH OapJbIK MapaMeTpiepi, OHbIH imriHae 00c TepMuH, CTHIOACHT KpUTEpUii OOMBIHIIA MaKCHMAIIbI
kareci 0,07-re Ten. Koppensuusaery Oipaerne xodddummenti-0,99. ANBIHFaH HOTIDKENEp alMaKTBIK JKOHE YIITTHIK
nerreiine XKIO men KKK sxocmapnay ke3iHze maiinansl 00Tybl MyMKiH.

Tyorcoipvimoama: Kanmsl KOCBUIFaH KYH HHIUKATOPIIapHI XKyheciHae MIHTepHET jkeiciH naijaiaHaTeH YiHpIMaap
CaHbI, JKYMBICCHI3IBIK JCHICHi JKOHE XaJIBIKTBIH KOMITBIOTEPIIK CayaTThUIBIFBI MaHBI3IBI OpPBIH anaipl. Taimay OChI
KOPCETKIIITEp apachIHAAFBl KYIITI OalIaHBICTHl KepceTei. HoTikeciHme oChl KOPCETKIIITEp apachlHIaFbl KATBIHACTHI
97% opramia ASIIKIEH CHI3BIKTHIK TEHACYMEH TyCiHAipyre OonaThlHAbIFbI KepiHai. COHbIMEH Karap, >Karaanjbl
HeFypJibiM Oapabap Tanpay yuriH KP-narbl >KYMBICCHI3/IBIK KOPCETKIIITEPIHIH ©3repyl MeH JKalllbl KOChUIFaH KyH apa-
CBIHJIAFbI Kepi ©3apa OaillaHbICTHI J1a ecKkepy KaxeT. OCbl KOPCETKILITEpP apachIHarbl TEPiC KOPPEISILIUS )KYMBICCHI3/IBIK
JICHI€fiHIH e3repyiHeH S5KOHOMHMKaHbIH OCaJJIbIFbl MEH TYPaKCBI3/IbIFbIH PACTai Ibl.

Kinm ce30ep: tudpiblK S5KOHOMHUKA, SKOHOMHKAJBIK 6cy, MU(PPpIaHIbIpyabIH acepi, OipHele perpeccus, Koppe-
JISTITHSL.

T.K. Ilypen, T.I1. lIputBopoBa, E.A. BeuknnzoBa, A. KusumoaeBa
Hudposas Tpanchopmanus 1 B3aUMOCBI3b € IKOHOMUYECKUM POCTOM

Annomauyus'

Lenv: OCHOBHOM IENBIO TAHHOM CTAaThU SBJISACTCS BBISBICHHUE M OICHKA BIMSHUS TOKa3aTelel MUPpPOBON TpaHC-
(dopmaruu Ha IKOHOMHYECKH pocT B Kazaxcrane.

Memoowr: Tlpu TpoBeIECHUH HCCIECIOBAHUS OBUIH HCIOIH30BAHBI METOMBI CTATHCTUYECKOTO MHOXKECTBEHHOT'O
KOPPEIAIUOHHO-PErPECCHOHHOTO aHalli3a Ha OCHOBE IPUKJIATHOTO MaKeTa «AHAIHU3 JaHHBIX» mporpammbel MS Excel.
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Digital transformation and the...

HNudbopmanmonHON 06230 UCCICTOBAHMS MTOCTYKHUIU JTaHHBIe OQHUIIMAaILHOTO caiiTa blopo HAIMOHATLHOW CTATHCTUKH
ATEHTCTBA M0 CTPATErHYeCKOMY ITaHUpoBaHuio U pedopmam PK: statgov.kz.

Peszyromamei: TIpoBecH NEpBUYHBIN TOA00pP CTATUCTUYECKUX IOKA3aTee U ompeaencHa rpynmna (GakTopos (1
COOTBETCTBYIOIIMX UHIUKATOPOB), TUIIOTETUYECKH BIUSIOLIMX HAa POCT SKOHOMHKH 3a nepuon 2007-2020 rr. Brigene-
HbI 14 QaKTOpOB, UMCIOIIUX 3HAYMMOE BIMSHUC HA BaJIOBYIO TOOABJICHHYIO CTOMMOCTh. Ha ocHOBe oTOOpa Hamboiee
3HAYMMBIX (DAKTOPOB MOCTPOCHO YPAaBHCHHE PETPECCHU, JIEMOHCTPUPYIOIICE CTCIICHb BIUSHUS Ha PE3YJIbTHUPYHOIIUI
BJIC. BrinonHeHa olieHKa NOJyYeHHOU perpecCHoOHHON Mojenu. HaiiieHHoe ypaBHEHHE Perpeccuy 3HAa4UMO MO KpH-
Teputo Oumepa, Bce ero mapaMeTpsl, B TOM YHCIIEe M CBOOOJHBIN YJICH, 3HAYUMBI 110 KpuTepuio CThIONEHTa C MaKCH-
ManpHOU ommbkoi 0,07. MHoXkecTBeHHBINH Kod(ddummenT koppensaiun paBeH 0,99. IMomydeHHBIE pe3ynbTaThl MOTYT
OBITH TIOJNIe3HBIMHE TTpH TIaHUpoBaHuU BBII n B/IC kak Ha pernoHaJIbHOM, TaKk W HAITMOHAJIHLHOM YPOBHE.

Buvisoowi: B cucteMe MHIMKATOPOB BaJOBOH TOOABIEHHOW CTOMMOCTH Ba)KHOE€ MECTO 3aHUMAIOT TOKa3aTelld KO-
JMYECTBO OPTaHMU3aLNH, UCTIONB3YIOMUX ceTh MHTepHeT, ypoBeHb 0€3pabOTHIIFI U KOMITBIOTEpHAs TPaMOTHOCTh Hace-
nerns. [IpoBeeHHBIN aHAIN3 TEMOHCTPUPYET CHIBHYIO B3aHMOCBSI3b MEXIY STUMH IIOKa3aTelsiIMU. B nrTore, Mbl yBH-
JICITH, YTO B3aUMOCBSI3b MEXKIY 3TUMH IMTOKA3aTEISIMH MOXKHO OOBSCHHUTH JIMHCHHBIM YPaBHCHHEM CO CPEIHEH TOYHO-
cthio B 97 %. B To ke BpeMms [uis Ooliee aJeKBAaTHOTO aHAU3a CUTYAI[MH CIIEAYET TAKKE YUUTHIBATH OOPATHYIO B3au-
MOCBsI3b MEX/y H3MEHCHHEM IoKa3aTeneil 0e3padoruirsl B PK 1 BamoBoit 1o6aBneHHO# cTOUMOCThIO. OTpHIIaTebHAs
KOPPETSIHUS MEXAYy STUMHU MOKa3aTeIsIMU MOATBEPXKIAET YA3BUMOCTh U HEYCTOMYMBOCTh DIKOHOMUKH OT M3MEHEHHI
YPOBHS 0€3paOOTHIIBI.

Knioueevie cnosa: undppoBas 5KOHOMHKA, SJKOHOMHUYECKUI POCT, BIMSHHE [H(POBU3AINN, MHOKECTBEHHAs pe-
TPECCHsL, KOPPETIAIHSL.

Cepus «OkoHomumkax. Ne 4(108)/2022 125



