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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 transfermation 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 officialiwebsite®@f the Bureau of Na-
tional Statistics of the Agency for Strategic Planning and Reforms of the RK at stat.govakz.

Findings: The primary selection of statistical indicators was carried out and @ greupf factors (and corresponding
indicators) was determined hypothetically influencing economic growth for thé\periad 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 thegesulting'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 criterioffwith,a maximum error of 0.07. The multiple corre-
lation coefficient is 0.99. The obtained results can be usefulin planning GDP and GVA, both at the regional and nation-
al level.

Conclusions: In the system of gross value addedjindicators,<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 indicatorsgfAs a result, we saw that the relationship between these
indicators can be explained by a linear equation Wwith an average accuracy of 97%. At the same time, for a more ade-
quate analysis of the situation, it is also necessary 10 take into account the inverse relationship between changes in un-
employment rates in the Republic of Kazakhstamand added gross value. The negative correlation between these indica-
tors confirms the vulnerability and instability“@f the economy from changes in the unemployment rate.

Keywords: digital economy, ‘€eanomic growth, the impact of digitalization, multiple regression, correlation.

Introduction

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

The digital revelution is™in full swing and gaining momentum. The established indicators and assess-
ment tools cannog keep up with the rapid pace of digital transformation (OECD, 2019a). OECD (2019b),
which reveals manyigapsiin the existing system of measuring digital transformation and reports from interna-
tional osganizations suggest new indicators and recommend improving the international comparability of
curreftly used,ones:

Thefarticle examines such statistical data to assess the development ofthe 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 ofthe 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:

@ 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 GV A indicator for Kazakhstan?
To answer these research questions, we use data from the reports ofthe Bureau of National Statistics of
the Agency for Strategic Planning and Reforms ofthe 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 (Muhleisen, 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 withythe real
growth ofthe economy in Kazakhstan.

We want to fill this gap by trying to assess the digital transformation in Kazakhstan Dy severalcriteria
and exploring its relationship with economic growth. The article discusses the question @f whigh .indicators
to use to assess the level of digitalization ofthe economy and business. We also use geenomic 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 onyeconomic growth and the
construction of a mathematical equation of this connection. The model wg proposetean become one of the
tools for forecasting the GV A for future years. We point out that digitalization contains the potential for eco-
nomic growth, and innovation supports the sustainability ofthe economy:

In the economy, the digital revolution began on a large scale at'the,end ofthe 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 use@in the, studydand the geographical configuration (Mo-
linari, Torres, 2018; Solomon, van Klyton, 2020). Otherresearchers have found that this also greatly changes
the structure of the labor market, reducing the“demand fak 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 ipipaet 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.ln oufarticle, we studied not individual firms, but the economy as a whole. As
a measure of economic growthgwe chose added gross value, since it shows the economic well-being of the
population, including ald primary incomes.

According to'the survey-results, the overwhelming majority of respondents felt that digitalization has a
positive impact op, their company's sales. More than half expect that the introduction of digital technologies
will lead to a “slightjincrease” in sales over the next three years, while about a third expect a “significant in-
crease” 40, sOme extent, this positive opinion may reflect the relative size.

M ethods

Theé 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 ofthe GV A 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 getaregression model and evaluate how it corresponds to the data that we have.

There are many software products for analyzing statistical data. For calculations, thejauthorsyused 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 indicaters that could
hypothetically be related to the digitalization of the economy and business in onegways®r another, and deter-
mined which ofthe indicators are independent (arguments) and which dependenti(functiény.

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 olderg, Nowmice User (was changed to a quantitative
indicator taking into account the population for the corresponding@eriods), units;

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

X5 - Computer literacy at the age of 6 years andjeldery 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 producegyindl 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‘S dallars;

X 11 - Imports, million USydollars;

X12 - Investments i fiXed asséts, million tenge;

X13 - Number of employéd people;

X14 - Unemploymentyraté; as a percentage.

Dependent is theyvaluegmeasured in connection with changes in independent values.

In this case,"the GMA (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

The
volume
of manu-
The factured
level industrial Indica-
of products tors of
inno- (goods,  the
vation services) global
activi- in the com-
ty of field of  peti-
enter- infor- tive-
prises mation ness
Com- Com- and and index
Num Com-  puter puter organ- commu- by the
ber of puter literacy literacy iza- nication  factor
or- literacy atthe atthe  tions technol-  “Level ’
gani- La- atthe age of6 ageof on Innova- ogies (in of The
za- bor age of6 years 6 years tech- tive current  tech- st- -
tions Prod years and and nolog- products prices of nolog- me ber of
GVA using uc- and older: older: ical and enter- ical Exports, ixed active Une
mil-  the tivity older:  Ordi- Experi- inno- services prises) devel- million il ets  peo- mplo
lion Inter- In-  Novice nary enced va- produced million  op- us S illion ple, ymen
Year tenge net dex user user user tions in lyear tenge. ment” d rs  tenge units. trate
y x1 X2 x3 X4 x5 X6 X7 x8 X9 11 x12 x13 x14
12772 4984560 82818000 2012400 9214522 124%59 424,832 11868,08 3392 143499
2007 498,2 6803 107,5 00 0 00 48 7 6 ; 25 122 60 7,3
13056 3566280 94364400 2509020 1107651 10 3 4292,415 11218,92 4210 147385
2008 5329 35089 100 00 0 00 1 77 9 878 20 6,6
14506 2960560 10764210 1866440 4103,678 10081,72 4 585 150280
2009 780,8 44046 100,2 00 00 00 106 78 76 298 60 6,6
21115 2692800 10624320 1729920 4118,964 1136854 4 653 153734
2010 891,00 45354 103,7 00 00 00 119 03 29 528 40 5,80
25741 2649600 11078640 1457280 2372416  16099,22 4337,739 10972,94 5010 156657
2011 874,80 48064 105 00 00 00 5 43 2 152 92 84 231 60 5,40
28528 2921460 11148560 196443 3783852 22851,83 5430,908 14344,54 5473 159001
2012 090,1 49853 102,5 00 57 7,7 1 180 3 98 161 30 5,30
32896 2982000 5795843 5970,584 14083,52 6 072 161539
2013 601,00 58456 105,1 00 8 04 29638,6 178 06 05 687 20 5,20
36651 2991 46290 5792671 7002,484 1384594 6591 164255
2014 572,20 52630 104,6 00 00 81 6 30168,6 165 34 69 482 00 5,00
38783 6040 4260 1245340 3761340 6177,432 10897,73 7024 166454
2015 900,40 65186 1 00 00 81 2,9 17493 150 15 82 709 60 5,10
44337 900 98378700 9784500 4462259 6084,529 9846,945 7 762 169005
2016 585,50 785779 10 0 0 0 93 25 22805 143 82 36 303 00 5,00
4167240 10030240 9020000 8428722 6504,880 10082,64 8770 171560
201 104,3 00 00 0 9,6 9,6 21245 148 1 96 572 40 4,90
4295800 10437880 1243040 1063296 7319,913 11981,36 11 179 173842
2018 55 103,1 00 00 00 106 03 22509,3 143 58 84 036 80 4,90
64681 10553 4368360 10939410 1314210 1112522 7745297 11462,19 12576 176215
2019 604,80 1 103,7 00 00 00 11,3 02 23265 148 88 22 793 20 4,80
66828 11024 4218750 11643750 1481250 1716771 5032,037 8096,358 12270 178312
2020 235,10 6 97,5 00 00 00 115 51 22879 152 67 06 144 50 4,90

Note - compiled by the authors on the basis ofBureau ofNational Statistics ofthe Agencyfor Strategic Planning and Reforms ofthe 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). Ifthere 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 7,3
130565 11076514, 10883,03 4292,415 11218,92 4 2104, 147385

2008 32,9 35089 100 3566280 9436440 2509000 4 2 8 103 7 9 878 20 6,6
145067 8333747,0 4103,678 10081,7254 5850, 150280

2009 80,8 44046 100,2 2960560 10764210 1866440 4 3 9733,085 106 78 76 298 60 6,6
211158 14180086, 11428,67 4118,964_ 11368;544653 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 4337,739310972,94 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 5430,908/ 14344,54 5473 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 6072 161539

2013 01,00 58456 1051 2982000 12268800 1755120 8 4 29638,6) 178 06 05 687 20 5,20
366515 7002,484 1384594 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 7024 166454

2015 00,40 65186 100,6 4560400 11734260 1245340 31 9 17493 150 15 82 709 60 5,10
443375 44622592, 6084,529 9846,945 7762 169005

2016 8550 75779 100,2 3735900 9837870 978450 9,3 5 22805 143 82 36 303 00 5,00
511958 84287229, 6504,880 10082,64 8770 171560

2017 59,30 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 5330 2 103,1 4295800 10437880 1243040 106 3 22509,3 143 58 84 036 80 4,90
646816 10553 11125220 7745,297 11462,19 12576 176215

2019 0480 1 103,7 4368360 10939410° 1314210 113 2 23265 148 88 22 793 20 4,80
668282 11024 17167715 5032,037 8096,358 12270 178312

2020 3510 6 97,5 [4218750011643750 1481250 115 1 22879 152 67 06 144 50 4,90

Note —compiled by the authors'on the'basis o fBureau o fNational Statistics o fthe Agencyfor Strategic Planning and Reforms ofthe RK,
https://stat.gov.kz.

Upto this peints the indicators were studied separately from each other. Next, we will look at their con-
nections with“@ach other. For a preliminary analysis ofthe relationship, the authors calculated the correlation
coefficiént, and based on it, a correlation matrix was constructed (Table 3). Correlation, as a relationship be-
tween phenamena, can be more or less close, i.e. the dependence of one quantity on another is more or less
clearly expressed. The main task ofthe 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 respectto the diagonal.
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Table 3. Correlation matrix

y
y 1
0,9687
x1 867
0,3388
X2 247
0,7973
X3 520
0,0138
x4 902
0,7673
x5 27
0,9778
X6 858
0,9620
X7 863
0,6051
X8 244
0,4094
x9 084
0,9233
x10 334
0,0282
x11 40
0,9698
x12 435
0,9903
x13 4573
0,8621
x4 10

xi

1

0,2027
064

0,8467
2

0,1057
86

0,7436
50

0,9324
928

0,9319
283

0,4498
662

0,2475
183

0,8486
155

0,1469
58

0,9860
683

09412
034

0,7392
50

X2

0,1349
27

0,6557
071

0,2936
16

0,3374
694

0,4137

0,5267
970

0,6388
532

0,3470
033

0,4465
264

0,2206
046

0,3582
176

0,5990
37

x3

0,4692
00

0,5183
78

0,7690
235

0,7872
893

0,2085
913

0,0749
22

0,7067
139

013315
72

0,8588
197

0,7432
813

0,4347
75

x4

01171
118

0,0850
493

01191
196

0,6181
037

0,6637
337

0,2389
969

0,7487
323

0,0632
01

0,0646
419

0,3081
A

X5

0,7546
9%

0,6220
42

0,3592
09

02735
28

05586
77

0,4027
213

0,6663
36

0,8095
12

0,7467
576

X6

0,9469
313

07054
611

0,4637
613

0,9457
355

0,0174
401

0,9295
630

0,9827
305

0,8724
3

X7

0,6398

0,4376
812

0,9434
31

0,1260
495

0,9532
796

0,9397
425

0,8067
68

Digital transformation and the.

x8 x9 x10 x11 x12 x13 xl4
1

0,8665

849 1

0,7875 0,5213

204 488 1

0,6130 0,7020 0,2452

90 8% 25 1

0,4685 0,2446 0,8879 0,0884

435 952 662 42 1

0,6680 0,4788 09261 0,0008 0,9322

515 197 819 78 748 1

0,8145 0,7492 0,8344 0,2522 0,7258 0,9048
68 89 0 9% 87 57 1

Note - compiled by the authors on the basis ofBureau ofNational Statistics ofthe Agencyfor Strategic Planning and Reforms ofthe
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 ofthe 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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» Small changes in the source data will lead to large changes in the coefficients.

* Instability ofthe solution.

* 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. Foraddettepanalysis,
values with a close correlation were selected, that is, where r > 0.7. The remaining indicatorsiwere excluded
from the calculation.

Relationship between X1 and X6 Relationship betweea Xdyand X7

S
‘m

20000 40000 60000 100000 120000
Xl

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

Note - compiled by the authors on the basis of Bureauw,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, thatdis; the number of organizations using the Internet is slightly less
than 0.97. The next variable in influepcemas 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 haviegaddirect correlation with the GV A, 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 nggativegeffect on the VDS: approximately -0.86 and -0.77, respectively. The fact
that the reductionyin ugemployment 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 respectto 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 ofBureau ofNational Statistics ofthe Agencyfor Strategic Planning and Re-
forms ofthe RK, https://stat.gov.kz
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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”infactor indicators.
The projected calculation of GDP is made by substituting the values of the corresponding,facters into the
planned equation.

The values of the parameters of the regression coefficients (a0, al, etc.) cangbedféund}in various ways.
The most common is the least squares method. With this method, the line that, aligassthe empirical data
should pass so that the sum ofthe 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;29789005

R-square 0,99578456

Normalized R-square 0,99156912

Standard error 1583038,68

Observations 1
Analysis of variance
df SS MS F Significance ofF
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<y, error t-statistics ~ P-Value Lower 95% Upper 95%  95.0% 95.0%

Y-
intersection 326290142 13579462 2,40282084 0,06140631 -2278103,99 675361325 -2278104 675361325

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 ofBureau ofNational Statistics ofthe Agencyfor Strategic Planning and Reforms ofthe
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 sufficientto describe
the dependent variable. For the significance ofthe 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, ifthe value ofthe test statistics calculated from the sample corresponds
to p = 0.005, this indicates a probability of validity ofthe hypothesis of 0.5%. Thus, the smaller the, p-value,
the better, since this increases the “strength” ofthe rejection of the null hypothesis.

However, in the table we can observe that the P-values for X5 and X10 critically exceeddhe“permissible
levels (0.55, and 0.14, respectively). Therefore, further construction ofthe model based ‘on, these indicaters is
not statistically significant. Thus, it can be concluded that the resulting multiple regression‘eguation’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 ofthe model.

Based on this, it was decided to exclude the indicators X5 and X10 and“leave inathe model only the
GVA, the number of organizations using the Internet, Computer literacy attheyageof 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 errog 1741388,78

Observations n

Analysis of variance

af 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%

\2
intersection 52476960,2 8689588,66 6,03906148 0,00052159 31929348,1 73024572,3 319293481 73024572,3

xi 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 -71111174 -14108940 -7111117,4

Note - compiled by the authors on the basis ofBureau ofNational Statistics ofthe Agencyfor Strategic Planning andRe-
forms ofthe RK, https://stat.gov.kz.

120 BecTHuK KaparaHAWHCKOro yHusepcurterta


https://stat.gov.kz

Digital transformation and the.

Table 6 shows that all 4 coefficients, Y-intersection, X1, X3, 14 ofthem 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 = a0+ alxl + a2x3 + a3x14,

where Y1 is the estimated GVA;
a0,al,a2,a3 - regression coefficients;
x1 - number of organizations using the Internet units network;

x 3 - 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 a0,al,a2,and a3 can be found by the least squares method, or you'can leak in<Table
6 in the coefficients column. The equation in its final form, taking into accotnt the found parame-
ters”™, al;a2,and a3 will take the form:

Y1 = 52476960,2 + 370,257029x1 + b,011376x3 - 10610029x14,

To check the calculated values of a0, al, a2, and a3, the values are substituted iato 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 organizationsfusing the Internet, the number of novice
PC users and the unemployment rate into the regression equationjjwe getithe theoretical values of the GVA
(Y1) corresponding to these indicators (Table 7).

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

year X1 X3 X4 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 49 51195859,3 50865354,36 1%
2018 100702 4295800 49 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 ofBureau ofNational Statistics ofthe Agencyfor Strategic Planning and Re-
forms ofthe RK, https://stat.gov.kz.
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The parameters of the regression equation al, a, and a3 are called regression coefficients, which are the
main indicators in the equation. Regression coefficients al, a2,and a3 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 ofthe 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 a0 is a certain basis that must be taken into account when using the re-
gression coefficient.

Using Y1, we can estimate the accuracy ofthe model. In column 7 (errors) of Table 7,the percentage of
model error was calculated. The average error rate is 3%. Considering this andfothergabove-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 ¢an conclude that the
model gives quite an acceptable good result, and with its help it is possible 46 make“a,forecast ofthe GVA at
the specified (planned) values of the number of organizations using the Lnternet, 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 Internepand 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 ofieconomic 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 ofthisinfluence.

In addition, our study, which establishes @link between the indicators of digital transformation and eco-
nomic growth, supports the idea of focuSiagyinuestments 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 ofthe economy of the Republic of Kazakhstan and improve the quality of life of the population
through the use of digital technalogiestinghe medium term, as well as the creation of conditions for the tran-
sition of Kazakhstan's economysto ‘ayfupdamentally 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 transformfation-and/its acceleration for further growth.

Conclusions

Regression analysisyshowed 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 inaceuracies 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 addedfcan 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 GV A 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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T.K. Shuren, T.P. Pritvorova, E.A. Vechkinzova, A. Kizimbayeva

LLMthpnbIK TpaHChopMaLMa >3aHe SKOHOMUKAIbIKOCYMEH o3apa GalinaHbic

AupgaTna

MaucaTbl: MakanaHbll, HEN3M MakcaTbl LM(p/bIK TRaHchopMaLns kepceTwwTepLuw, KasakcTaHgarbl 3KOHO-
MUKa/IbIK ecyre 3cepLU aHbIKTay XaHe Garanay.

ddici: 3epTTey 6GapbiCbiHAA CTATUCTUKANLIK KERL KoppenguuasbiK-perpeccuanbik Tanjay agictepi MS Excel
6argapnamacbiHbil, «ManiMeTTepai Tangay» KongaH6asblhnake T Henswae KongaHblngpl. 3epTTeyaLy aknaparTbik 6a-
3acbl KasakctaH Pecny6nvkachbl CTpaTervsnblkK x)ocnapnay-skdHe petopmanap areHTMMHLL ¥ATTbIK CTaTUCTUKA 6to-
POCbIHbIL, Statgov.kz pecMu CaiTbIHbIL, M3IMETTEPI

KppbITbTabl: CTaTUCTUKA/IBIK KepceTkituTepai 6acTankb! ipikrey »Yprisingi xxaHe 2007-2020 xbl1gap KeseLH-
[ie 3KOHOMMKaHBIL, ecyiHe rmnoTeTUKaNbIK.3cep eTertll hakTopnap (kaHe TWICTI MHAMKAaTOpnap) To6bI alikbiHAangbl. Eu
MaLbI3abl hakTopnapAbl Taujay Herisidfie perpeccus Teugeyi Kypbingbl, on anbiHraH XXKK-ra acep ety gapexxeciu
KepceTegi. AnblHraH perpeccusnbiksMofens 6aranaHabl. TabbinraH perpeccus Teudeyi ®uiuep KpuTepuii 6oiibiHLIA
MaLbi3fbl, OHbIL 6apibik napametpaep”“oHbil, iwiHge 60c TepMuH, CTbIOLEHT KpUTepuil GoliblHLIA MakcuMagbl
katec 0,07-re Teu. Koppensumsasbil GipHelle ko3thduuneHT-0,99. AnblHraH HITUXKeNep aliMakTbiK X3He YNTTbIK
peureiige X10 meH XKKK »xo€napfiaygkesige naiiganbl 601ybl MYMKIH.

Ty>KbipbiMaama: XannsiKocsiiraH KyH nHavkatopiaps! XYeciHae VIHTepHeT xeniciH naiinanaHaTbiH yiibiMaap
caHbl, XXYMbICCbI3AbIKy felrelii MOHE XanbIKTbIL, KOMMbIOTEP/DK CayaTTbi/birbl Malbi3Abl OpbiH anagbl. Tangay ocbl
KepceTLuLITep apacbiHAArb! KYIImi 6aiinaHbICTbl KepceTear HaTuxeciHAe OCbl KepceTLILTep apacbiHAarbl KaTbiHACTbI
97% opTawa [3N4IKAEH “CbI3bIKTbIK TeHAeYMeH TYCiHgipyre 60naTbiHAbIrbl KepiHAi. COHbIMeH KaTap, Xargangbl
Herypnbiv 6apabap Tangay YuwiH KP-garbl XXyMbICCbI3AbIK KEPCeTKILUTepiHiL, e3repyi MeH >anbl KOCblraH KyH apa-
CbiHAarb! Kepi e3apa 6alinaHbICTbl Aa eckepy kaxeT. OCbl KepCeTLULLTEP apacbIHAATbI TEPHD KOPPENALIMA XYMbICChI3AbIK
JeufeliHLL/esrepyLIeH 3KOHOMMKaHBbIL, 0CaAbIrbl MEH TYPaKCbI3AbIrbIH pacTaifbl.

KBIE cB3fep: LUMDP/bIK 3KOHOMMKA, SKOHOMUKa/bIK ecy, LuudpnaHablpyabil, acepi, 6ipHeLue perpeccus, Koppe-
NAUMS.

T.K. WypeH, T.n. MputeopoBa, E.A. BeuknH3osa, A. Knsnmbaesa
LinchpoBas TpaHcthopmaums 1 B3aMMOCBSA3b C 3IKOHOMUYECKUM POCTOM

AHHOTauua:

Lienb: OCHOBHOIA LieNblo AaHHOW CTaTby ABNAETCS BbISB/IEHME 1 OLEHKA BIMSHUSA MOKasaTesiei LnhpoBoii TpaHe-
thopmMaLum Ha 3KOHOMMYECKIMi pocT B KasaxcTaHe.

MeTogbl: pu NpoBeaeHNM uUccnefoBaHMA BblIN MCMOb30BaHbl METOAbI CTATUCTUYECKOTO MHOXECTBEHHOMO
KOPPensLMOHHO-PerpecCMOHHOr0 aHamnsa Ha OCHOBE MPUK/IaAHOro nakeTa « AHanu3 AaHHbIX» nporpamMmbl MS Excel.
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Digital transformation and the.

WHopmaLmoHHO 6a30i nccnegoBaHUa NOCAYXUAN faHHble ODULMANIBHOIO cainTa Bopo HauvoHabHOW CTaTUCTMKN
ATreHTCTBa N0 CTPaTErMyecKoMy naaH1poBaHuio 1 pedpopmam PK: statgov.kz.

PesynbTaThl: [poBegeH NepBMYHbI NOAGOP CTaTUCTUYECKUX NMOKasaTeneit U onpegenieHa rpynna akTopos (v
COOTBETCTBYHLLMX MHAMKATOPOB), MMNOTETUYECKM BIUSAIOLLMX HA POCT 3KOHOMMKK 3a nepuof 2007-2020 rr. Bolgene-
Hbl 14 (haKTOpPOB, UMEIOLLMX 3HAUYMMOE B/IUSIHWE HA BAJIOBYIO J06aBNEHHYIO CTOMMOCTL. Ha ocHoBe oT6opa Haubonee
3HaUYMMbIX (DAKTOPOB MOCTPOEHO YpPaBHEHWE Perpeccuu, LeMOHCTPUPYHOLLEE CTeneHb BAWSHUA Ha Pe3y/bTUPYHOLLMIA
BAC. BbinonHeHa OLEHKa Noly4eHHOV perpeccroHHoi mogenu. HalifileHHOe ypaBHeHWe perpeccum 3HauMmo no Kpu-
Tepuio duiepa, BCe ero napaMeTpbl, B TOM YMCAe U CBOOGOAHbIA UNeH, 3Ha4YMMbl N0 KpuTepunto CTbiOAeHTa C MaKcu-
MasibHOW owmbkoi 0,07. MHOXeCTBEHHbIA KoathduumeHT koppensuun paseH 0,99. MonyyeHHble pesynbTaTbl MOMYT
6bITb NONE3HBIMU NpU NIaHMpoBaHuK BBIM 1 BAC Kak Ha pervoHaibHOM, TaK W HalMOHaIbHOM YPOBHE.

BbiBogbl: B cucTeme MHAMKATOPOB BaioBOW A0OABNEHHOW CTOMMOCTM B&XKHOE MECTO 3aHMMAtOT MoKasaTenn Ko-
NINYECTBO OpraHm3aLum, UCMonb3yrLWUX ceTb NHTEPHET, YpoBeHb 6e3paboTuLbl 1 KOMMbIOTEPHAA rPaMOTHECTbL Hace-
neHusl. MpoBeAeHHbIV aHaNU3 AeMOHCTPUPYET CU/bHYIO B3aMMOCBA3b MEXAY 3TUMU MokKasaTensaMu. B utore) Mol yBu-
JeNnu, 4TO B3aVMOCBA3b MEXAY 3TUMW MOKa3aTenssMu MOXHO OOBACHUTL SIMHERHLIM YpaBHEHWEM 60 CPEEHEMNTOYHO-
CTbi0 B 97 %. B 10 e Bpemsa s 60nee afieKBaTHOrO aHann3a CUTyaLumn CnedyeT Takke yUuuTéIBath 00paTHYH\B3an-
MOCBS3b MEX/Y M3MEHEHMEM MoKasaTenei 6e3paboTvubl B PK 1 Banosoii gobasneHHoi ctoumocTtsio. OfputiateibHas
Koppenauus Mexzay 3TUMKU NokasaTensiMu MOATBEPXKAAET YA3BMMOCTb UM HEYCTOMUYMBOCTb SKOHOMUKIA OT U3MEHEHW
YPOBHS 6e3paboTnLpbl.

Kniouesble cnosa: LM(poBas SKOHOMMKA, 3KOHOMWUYECKWMIA POCT, BANSHWE L(DPOBU3ALI MU MHOXKECTBEHHAS pe-
rpeccusi, Koppensuus.
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