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Abstract

The aim of the article is to investigate the relationship between the number of active small and medium-sized
businesses in Kazakhstan and the number of internal costs for research and development projects based on the use
of economic and mathematical forecasting methods. As a result of the application of statistical and mathematical
methods, the analysis of changes in the number of active SMEs and the volume of R&D expenditures in the Republic
of Kazakhstan for the period 1999-2019 was carried out on the basis of constructing a paired linear regression model.
The quality of the model was assessed, the interval for the lower and upper boundaries of the forecast of changes in
the indicators of the number of active SMEs from the volume of R&D expenditures was calculated. An economic
interpretation of the calculated data obtained because of constructing a linear paired regression model is given. It was
revealed that the number of active SMEs by 94.5% is explained by the volume of internal R&D expenditures. A point
forecast for the number of active SMEs has been calculated when the volume of internal R&D expenditures changes
for 2022. The calculation of indicators of the lower and upper boundaries of the predicted value of the number of
active SMEs has been carried out. With an increase in the volume of internal expenditures on R&D in the GDP of the
Republic of Kazakhstan to 92,178 million tenge, the number of active small and medium-sized enterprises will be in
the range from 1,244,436 to 1,669,622 units.
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Tyiiin

Makanazna OomkamiayablH SKOHOMHKAJBIK-MaTeMaTHKANIBIK 9JICTEpiH KoijaHy Herizinae KasakcTanmarbl
[IaFBIH KOHE OpTa OM3HECTIH OeyceHal KocimopbiHaapbiHbH caHbl MeH F3TKOK- fa imiki IIBIFBIHIAPIABIH CaHbI
apachIHJarbl ©3apa OalIaHBICTBI 3epTTey MakcaThbl KOWbUIFaH. CTaTHCTHKAJIBIK JKOHE MaTeMaTHKAaJbIK oMicTep.i
KOJIIaHy HOTHIKECIH 1€ ’KOHE )KYITHIK ChI3BIKTHIK PErpeCcCHsUIBIK MOJIEIiH Kypy Herizinne Kazakcran PeciryOnikachiHbig
1999-2019 buiaap Ke3eHiH/Ie IaFbIH )KIHE OpTa KOCIMOPBIHAPIHBIH OeNceH/Il cyOheKTiiep canbiHbIH skoHe F3TKIK
apHaJIFaH LIBIFBIHAP KOJIEeMiHIH e3repyiHe Taijay skacaiusl. MonenbaiH canacklH Oaranay skyprizingi, F3TKXK
apHanFaH weiFbiHAap keseMiHeH IIOB Gencenni cyObekTiIep CaHbIHBIH KOPCETKIMITEPIHIH 63repy GOIKaMbIHBIH
TOMEHT '] KOHE JKOFAPFbI LIEKapaIapbIHbIH HHTEPBAIIBI €CeNTeNiH ] JKYNTBIK CHI3BIKTBIK PErPECCHSIIBIK MOAEIIH KYPY
HOTIDKECIH/IE AIIBIHFAH €CeNTIK MOIIMETTEPAIH YKOHOMUKAJIBIK MHTEPIPETALUACH! KeaTipinai. 2022 xKbliFa apHaIFaH
F3TKK-ra imki msirsianap kenemiin esrepyi kesinze [IIOb Genceni kacinopsiHaapb! CAaHbIHBIH HAKTBI O0IDKaMbI
ecenresi. [IIOB Gencenii kacinopbIHIapbl CAHBIHBIH O0JKAMIbI MOHIHIH TOMEHT] jKOHE JKOFAPFBI IlIeKapallapbIHbIH
kepcetkimrepin ecenrtey xyprizingi. KP XKIO-ne F3TKIXK-ra imki mbirbiHgap kemaemi 92178 MiIH TeHrere neiiH
YiIFaifrad Ke3/e OeliceH Il IaFbIH JKOHE OpTa KocimopeiHAap caHbl 1244436-gan 1669622 Giprikke meifin Oomabl.

Tyuin co30ep: MarbIH )K9HE OpTa OM3HEC, OeJICEH Tl KCIITOPBIHAAD, CIMPAIIBIBIH YIITIK MOJIENI, HHHOBALMSUIBIK
kbi3Met, F3TKOK, Gencenai KacilmopbIHAap CaHbl, ChI3BIKTHIK PErPECCHSHBIH JKYITAIFaH MOJIENi, HYKTeIK OoKaM,
apabiK O0JmKaM.
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Bausinne o0bema BHyTpenHux 3arpat Ha HUOKP na pa3Butue maJioro u
cpeanero 0usHeca Pecmyoiukn Ka3zaxcran

PaxmertoBa P.Y.!, HypneucoBa A.A.”, Augexknna P.D.!

"Vuusepcumem « Typan-Acmanay, ya. 29, 010000, Hyp-Cynman, Kazaxcman
?Vuueepcumem Hapxos, yn. JKanoocosa, 55, 050000, Armamei, Kazaxcman

AHHOTAIUA

B crarbe mocrasneHa 1ieb — HCCIEI0BATh B3aUMOCBSA3b MEKIY KOJIMYECTBOM aKTUBHBIX IIPEANIPUATHI MAJIoro u
cpennero 6usneca (MCB) B KazaxcTane 1 KommuecTBOM BHYTPEHHHX 3aTpaT Ha HAYYHO-MCCIIEA0BATEIBCKHX U OTTBITHO-
KOHCTPYKTOPCKHX pa3pabOTOK HAa OCHOBE MPUMEHEHHSI SKOHOMHUKO-MAaTeMaTHYECKIX METOAOB MPOTHO3UPOBaHus. B
pe3ynbTare NPUMEHEHHsI CTAaTUCTUKO-MaTeMaTHUYeCKUX METOIOB MTPOBE/ICH aHAIN3 H3MEHEHUS KOJTMYECTBA aKTUBHBIX
cyobrexktoB MCII u o6bemoB 3arpar Ha HUOKP B Pecnyonuku Kazaxcran 3a nmepuox 1999-2019 roasr Ha ocHOBe
MOCTPOEHUSI MOJIENH MapHOW JMHENHOMN perpeccuu. [IponsBeneHa olleHKa KauyecTBa MOAEIHU, PaCCUUTAaH MHTEPBAI
JUI HYDKHEH M BepXHeEll rpaHul] MporHO3a M3MEHEHHUs IOoKasaTeNeil KomudecTBa akTUBHBIX npeanpuartuiit MCh ot
oowemoB 3arpar Ha HUOKP. /lana sxoHOMUYecKast HHTEpIPETAIHs MOTyYCHHBIX B PE3yJIbTaTe MOCTPOCHUS MOJICITH
TUHEHHON MapHOW PEeTpecCHy PacueTHHIX JaHHBIX. BBIABICHO, YTO KOMWYECTBO akTHBHBIX mpeamnpustuii MCh Ha
94,5% obbsicusercs oobemoM BHyTpeHHUX 3arpar Ha HUOKP. Paccuntan ToyeuHbIi IPOTrHO3 KOJMUYECTBA aKTHBHBIX
npeanpusituii MCB npun u3menennn o6bemoB BHyTpeHHHX 3arpar Ha HMOKP na 2022 rox. Ilposenen pacuer
ToKa3areNnell HIKHIX M BePXHUX TPAHMIl POTHO3HOTO 3HAUEHUS KOJIMUYecTBa akTUBHBIX mpeanpustuii MCh. Ilpu
yBenuueHur 00beMoB BHyTpeHHUX 3aTpaT Ha HUOKP B BBII PK 10 92178 MIIH TeHTe KOJIMY€CTBO AKTHBHBIX MAJIbIX
U CpeTHUX MpeAnpusTuii OymeT B mpenenax ot 1244436 mo 1669622 enuHmil.

Kniouesvie crosa: manbplii W cpeHUN OHM3HEC, aKTHBHBIE MPEANPHUSITHS, MOJAEIb TPOWHON CHMpasH,
MHHOBalMoHHast akTuBHOCTh, HUOKP, konndecTBo aKTUBHBIX NpEeANpUATHI, MOJENIb TAPHOM JIMHEHHON perpeccuy,
TOYEUHBIN [IPOTHO3, UHTEPBAJIbHBII IPOTHO3.

Jas nutupoBanusi: Paxmerosa P.Y., Hypneucosa A.A., Auaexuna P.3. (2021). Baustaue o0beMa BHyTPEHHUX 3aTpar
Ha HMOKP Ha pa3Butue manoro u cpeasero ousHeca Pecmybnuku Kasaxcran. DkoHOMHKaA: cTpaTerus U IpakTHKa,
16(3), 68-80, https://doi.org/10.51176/1997-9967-2021-3-68-80
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Introduction

Entrepreneurship is one of the key
components of an innovation-driven economy.
The level of development, the nature, and scale
of entrepreneurial activity affects the rate of
economic growth, the structure, and quality of
the gross national product, solve the problem of
employment, and many other socially significant
tasks of the state [1, 2].

According to official statistics, the gross
value added of small and medium-sized businesses
in the Republic of Kazakhstan at the end of 2019
amounted to 22029151.33 million tenges, and
its share in the republic’s GDP reached 31.7%.
The number of active small and medium-sized
businesses is growing annually, so in 2019 their
number was 1327742. As of January 2020, there
are 1325615 operating small and medium-sized
businesses. The leaders in the development of
SME:s are the cities of Almaty - 191 thousand and
Nur-Sultan - 134 thousand, Almaty and Turkestan
regions [3].

In turn, the main indicators affecting the
growth of the number of business entities and
the development of the most important driver of
the innovative economy as small and medium-
sized businesses are factors of the institutional
environment, indicators of public and private
funding of science, the number of universities,
entrepreneurial type, material and technical
equipment of enterprises, the level infrastructure
support, the level of regional development of the
country, demographic and many other factors.

It is important to note that in the Republic
of Kazakhstan, the development of small and
medium-sized enterprises (SMEs) has been taken
under control at the highest level since the very
beginning of building a market-oriented economy
of post-Soviet development. The comprehensive
approach of the state policy for the development
of SMEs in the Republic of Kazakhstan includes,
first of all, the implementation of strategic
guidelines formulated in state strategies and
programs: Strategy “Kazakhstan-2050”, “Business
Roadmap-2025” and others.

The Damu Entrepreneurship Development
Fund JSC was created as the main financial
operator of measures of state support for SMEs,
financing business projects of entrepreneurs of
Kazakhstan. So, at the end of 2019, more than 24
thousand projects were supported for a total loan
amount of more than 600 billion tenges.

However, despite all the measures taken to
promote SMEs, Kazakhstan is characterized by
an insufficient realization of the potential of the
Kazakhstani small and medium-sized business
sector in employing the population, creating a

competitive environment, and establishing and
developing an innovative economy.

It is in the context of the triple helix
model that science-intensive innovative small
and medium-sized businesses depend on the
capabilities of universities and organizations
to carry out fundamental and applied research
and conduct research and development [4]. The
research functions of universities on the example
of the developed countries of Europe, the United
States have proved their effectiveness in the
formation of competitive, innovative small and
medium-sized businesses. The combined efforts
of all three components of the “universities-state-
business” triple helix model will contribute to
the development of the economy of Kazakhstan
according to the scenario of an innovative direction
since it is in this combination that the effect of
emergence or synergy of the potentials of all three
institutional spheres arises.

Therefore, the problem of studying small
and medium-sized businesses is of particular
importance from the point of view of the influence
on their development of factors arising from the
constructive interaction of state and regional
authorities with representatives of the scientific
and educational sector, universities, research
institutes, and the business structures themselves.
Of particular interest is the use of economic and
statistical methods for conducting various kinds of
research, using methods of correlation- regression
analysis, modeling, and forecasting.

We emphasize that the significance of studies
of the influence of factors on the main indicators
of SME development using methods of economic
and statistical analysis is certainly high from a
scientific and practical point of view, precisely to
obtain analytically and forecast information for the
development of scientific and practical proposals
to support this sector.

As we noted, the level of development of
small and medium-sized businesses in the country
as a whole is influenced by many socioeconomic
factors. Factors of its financial support and
incentives play an important role in supporting
the development of competitive entrepreneurship.
The importance of financing education, science,
start-ups for enhancing the innovative growth of
business entities, the development of innovative
infrastructure in the context of the triple helix
model is undoubtedly great.

One of the wurgent problems of SME
development, in particular, increasing the number
of active enterprises in Kazakhstan, is considered
the task of sufficient allocation of funds for research
and development (R&D) in terms of accumulating
the innovative potential of entrepreneurial
structures and subjects of the republic.
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Literature review

A review of the available research in this area
has shown that research scientists from all over the
world have directed their minds and minds on a
variety of aspects of this rather broad and complex
topic.

For example, one can single out a separate
group of developments aimed at studying the
development of small and medium-sized businesses
in the system of interaction between the state,
business, and universities, taking into account
regional and territorial characteristics. In particular,
in a study by Thai scientists Pankom Sriboonlue,
Suteera Puangpronpitag [5], recommendations
were developed to support regional small and
medium-sized enterprises in Thailand to move to
innovative entrepreneurship within the framework
of the Thailand 4.0 national development model.
According to the authors, small firms must increase
their creativity and innovation to create value-
added products.

Another study by Suteera Puangpronpitag
[6], explores in more detail the role of regional
universities interacting with their regions to realize
a knowledge-based economy, as compared to
Thai and British universities. The work will be of
particular interest since it reflects the results of a
comparative analysis of the development of SMEs
and regions in the context of the triple helix model
using the examples of universities in Thailand and
Great Britain, that is, a developed and developing
economic systems.

The results of the analysis of the potential
for interaction of all three elements of the triple
helix model (academic sector, local business,
and local government) with the development of
recommendations for developing a cooperation
model for the development of SMEs in Indonesia
are presented in the article by scientists Lenny
Martini, Jann Hidajat Tjakraatmadja, Yudo
Anggoro, Adita Pritasari, Libertha Hutapea [7].

Oskar Villarreal, Nuria Calvo in their study
[8] using the example of the Dominican Republic
considered the possibilities of international
cooperation in the field of innovation and proposed
a new model - the model of global open innovation
- as an alternative approach to the transfer of
innovations.

An interesting approach of the authors of the
article Towards “meta-innovation” in Brazil: The
evolution of the incubator and the emergence of
a triple helix [9] Henry Etzkowitz, Jos¢ Manoel
Carvalho de Mello, Mariza Almeida, in which
attention is paid to the regional development of
the triple spirals in Brazil through a strategy of
incubating top-down, bottom-up and horizontal
meta-innovations.

Qivind Strand, Loet Leydesdorff investigated
the aspect of the development of a triple helix

between technologies, firms, and geography based
on the study of the specifics of the territorial
development of Norway [10]. In particular, they
pointed out that the interaction of universities
and businesses promote the innovative activity of
entrepreneurs.

Using economic and statistical methods on
the example of Mexican enterprises, the authors
Maribel Guerrero, David Urbano investigated
the influence of agents of the triple helix on the
efficiency of entrepreneurial innovation [11].
In particular, they analyzed the impact of small
and medium-sized enterprises’ links with other
enterprises, universities, and the state on their
innovation activities (access to knowledge/
technology, funding sources, government
subsidies), as well as the deterrent effects that
arise from this. The authors, in their conclusions,
provide recommendations for the main participants
in the Mexican system of science, technology, and
innovation for the development of entrepreneurial
innovation in Mexico.

In addition to the regional aspect of the
development of SMEs in the context of the triple
helix model, another group of scientific research
can be distinguished, which reflects other specifics
of the problems we are studying.

For example, scientists are deeply studying
the possibilities of cluster innovative development
of small and medium-sized enterprises based on
the concept of a triple helix [12].

There are publications on the development
of cooperation between the state, universities, and
business structures for the development of the
energy industry, light industry, etc., there are also
approaches to studying the possibilities of using
web mining to determine the impact of the Triple
Helix on the growth of small and medium-sized
firms [13, 14].

A brief review of the world experience in the
development of a competitive and innovative type
of small and medium-sized businesses showed
that an important condition for this is the state and
development of science in the country. It is crucial
to study the relationship between the number of
active enterprises in the category of small and
medium-sized businesses and internal expenditures
on R&D in the Republic of Kazakhstan in the
context of the triple helix model.

In this regard, we have set a goal - to
investigate the relationship between the number of
active small and medium-sized enterprises (SMEs)
in Kazakhstan and the number of internal costs
for research and development projects based on
the use of economic and mathematical forecasting
methods.

Besides, it should be noted that in Kazakhstan
this kind of research has not yet been carried out,
the nature of this relationship has not been analyzed
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by statistical methods, in particular, the coefficient
has not been calculated.

Methodology

The study of the relationship between the
main indicator characterizing the state of SME
development in the country, namely, the number
of active enterprises and the volume of internal
expenditures on R&D as one of the most important
indicators of the state and development of science
was chosen as the object of analytics not by chance,
since in the triple helix model it is a particular
round of intertwining science and the state is
essential for the support and prosperity of business.

As analyzing indicators, we took the number
of active small and medium-sized businesses in
the Republic of Kazakhstan and the volume of
internal costs for R&D for the period from 1999 to
2019, available in the sources of official statistics,
Table 1.

Table 1 - Initial data for building a paired linear
regression model

Indicators

el w
Period E?ggﬁg gég%ﬁ
EZZELE SE§
25553 E25s

= v E

\% X

1999 30172 3500,50
2000 110151 4706,80
2001 254088 7154,10
2002 323731 9632,90
2003 383032 11643,50
2004 447038 14579,80
2005 504824 21527,40
2006 570060 24799,90
2007 640900 26835,50
2008 703802 34761,60
2009 659214 38988.,70
2010 652886 33466,80
2011 837083 43351,60
2012 801362 51253,10
2013 879921 61672,70
2014 922285 66347,60
2015 1239682 69302,90
2016 1103642 66600,10
2017 1143376 68884,20
2018 1238708 72224,60
2019 1327742 82333,10

ote - compiled by the authors from the data [15].

As can be seen from the data in Table 1, in
Kazakhstan for the period from 1999 to 2019. there
was an increase in the number of active SMEs
from 30,172 to 1,327,742 units, the growth rate
was 44.0. In turn, an increase was also recorded
in internal R&D expenditures over the years. If in
1999 the volume of internal expenditures on R&D
amounted to 3500.50 million tenges, then in 2019
the indicator increased by more than 23.5 times
and amounted to 82333.1 million tenges.

Comparison of trends of the analyzed
indicators for the period from 1999 to 2019 has
been presented in Figure 1 that shows a positive
upward trend in the metrics included in the paired
linear regression model.

Number of active SMEs, (V)

1600000
1400000
1200000
1000000
800000
600000
400000
200000

y = 59426t + 49820
R2=0,9679

Internal expenditures on R&D, (X)

100000
y =4110,5x - 6474

80000 R*=0,9749

L < -
40000
20000
0
-20000\‘,’)0’0) '190\"19& ,906’ '»06\ '1900) '19\’\/'»00 '»0\?) '19\3 '19\9

Figure 1 - Dynamics of growth of the analyzed
indicators for 1999-2019.

Note - compiled by the authors according to table 1.

The graphs of the initial data show that there
is a linear relationship between the analyzed
indicators, therefore it is necessary to determine
the closeness and nature of this relationship.

As the results of the analysis of the world
experience of state support for innovative small
and medium-sized enterprises in the USA, Japan,
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India, China, Russia have shown, it is financing in
combination with effective management, technical
consulting that contributes to the development
and commercialization of promising innovative
projects and science-intensive developments [16,
17].

In general, for the transition to a knowledge
economy, many countries have taken a course
towards promoting R&D activity of small and
medium-sized businesses as the most important
foundation for innovative development. Therefore,
domestic scientists are also puzzled by the
questions of how the state financing education
and science, supporting R&D, contributes to the
increase of science intensity and innovation of
small and medium-sized businesses in our country.
It is necessary from a practical point of view to
substantiate the ways, priorities, directions, and
mechanisms for improving the interaction of the
state together with private business units and the
university sector, the development of small and
medium-sized businesses in Kazakhstan. In this
regard, we believe that the use of economic and

statistical methods in the study of the problems
of SME development in the context of symbiosis
and triple interaction of the state-science-business,
in particular, the application of the method of
constructing a paired linear regression model for
constructing predictive options for increasing
the number of active small and medium-sized
enterprises in the country in the context of
changes in the volume of internal expenditures
on R&D for the implementation of the strategic
task - the development of SMEs in the Republic of
Kazakhstan.

For this reason, in this study, we decided to
identify the mutual influence of two main indicators:
the number of active SMEs and the amount of
R&D costs in the Republic of Kazakhstan based
on the construction of a paired linear regression
model and calculate point and interval forecasts for
the variation of the analyzed indicators. In carrying
out the research, we relied on the methodological
material of a textbook on econometrics [18].

The methodology of our research included
several stages using various scientific and analytical
methods, Figure 2.

Purpose of the research

Research hypothesis

\

Research methods

Stage 1 research

Stage goal

Preparatory

Selection of factors

Stage 2 research

Stage goal

Collection, processing and
systematization of information

Research methods

Analytical

Determine the model
equation and evaluate

Stage 3 research

Analysis of variance and
correlation analysis

Verification

\

the quality of the
model
Stage goal Research methods
Economic Correlation-regression analysis

interpretation of the
results obtained and
forecast of indicators

Figure 2 - Research methodology

Note - compiled by the authors.
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1. The preparatory stage consisted of
identifying factors influencing the number of
active enterprises among SMEs in Kazakhstan
and choosing a specific factor for conducting
linear pairwise regression. It used the method of
systematizing scientific research on the problems
of supporting and developing small and medium-
sized businesses, as well as the method of collecting
and processing official statistical data.

2. The analytical stage consisted of plotting a
correlation field or a scatter diagram to detect the
presence of homoscedasticity or the condition of
homoscedasticity of the dispersion of the linear
regression model. Having built a trend line,
we obtained a regression model describing the
relationship between the number of active SMEs
and the volume of internal R&D costs.

To check the quality of the model we obtained,
we assessed the significance of the regression
coefficients using the Student’s t-test, and also
applied the test method using analysis of variance
and correlation.

3. Verification stage. After analyzing the
quality of the constructed model and statistic
significance of the regression coefficients, we
gave an economic interpretation of the results of
the study, and also using economic and statistical
methods, we constructed chiseled and interval
forecasts of changes in the number of active SMEs
from bringing the volume of R&D expenditures to
1% in the GDP of the Republic of Kazakhstan.

To confirm the accuracy of the forecast, we
carried out several calculations, in particular, for
this we found the relative value of the differences
between the upper and lower boundaries - the
indicator D, using the method of constructing the
confidence interval.

Results and discussion. To study the strength
and nature of the impact of the volume of internal
expenditures on R&D (dependent variable X) on
the number of active SMEs (resulting in variable
Y) in the Republic of Kazakhstan, a linear pairwise
regression model was built based on the data in
Table 1.

Initially, a correlation field plot or scatter plot
was built, according to Figure 3.

Correlation field

90000,00
80000,00
70000,00
60000,00
50000,00
40000,00
30000,00
20000,00
10000,00

0,00

-10000,00%%%

-20000,00

600000,00

e y =157212,339+14,101x

R*=0,9

800000,00  1000000,00  1200000,00  1400000,00

Figure 3 - Graph of the correlation field and the regression line of the original data

Note - compiled by the authors.

As can be seen from the graph, the
analyzed data formed an elongated «cloud»,
that is, this allowed us to say about the presence
of homoscedasticity of the observation or the
condition of homoscedasticity of the variance of
the linear pairwise regression model. Using the
function of adding a linear trend in Excel, we
derived the regression equation and the coefficient
of determination r-squared.

So, the regression equation describing the
relationship between the volume of internal
R&D costs and the number of active SMEs in the
Republic of Kazakhstan is as follows:

Y =157212,339+14,101-X.
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The analysis of the indicators of the regression
statistics, reflected in Table 2, allowed us to make
an intermediate conclusion that the relationship
between the indicators exists and it is strong and
direct.

To assess the quality of the built model,
we found out the significance of the regression
coefficient using the Student’s t-test, which was
2.093 with a probability of 5% error.

Further, putting forward 2
hypotheses for the coefficients a and b:

1 hypothesis - HO_a: a =0, that the coefficient
a is statistically insignificant.

2 hypothesis - H1 a: a#0, that the coefficient
a is statistically significant.

and to test the significance of the coefficient b
the following 2 hypotheses:

1 hypothesis - HO_b: b =0, that the coefficient
b is not statistically significant.

2 hypothesis - H1_b: b #0, that the coefficient
b is statistically significant.

we found that both coefficients are statistically
significant, this follows from comparing the
t-statistic with the t-critical, which showed the
following results:

t-statistics of the coefficient a = 4.339, which
is more than 2.101

t-statistic of coefficient b = 17.99, which is
more than 2.101

Thus, with a probability of 95%, the
hypotheses HO a and HO b are rejected and both
coefficients (the number of active SMEs and the
volume of internal R&D costs) are significant.

The confidence interval analysis method also
confirmed the conclusion that both coefficients
are statistically significant for constructing paired
linear regression. Thus, the data of analysis of
variance in Table 2 showed that both analyzed
coefficients are not included in the confidence
interval of the upper and lower boundaries with
both a probability of 95% and a probability of 99%.

Also, if we look at the P-value data for both
coefficients in Table 2, we see that they are less
than the standard error (less than 0.5).

Thus, the analysis of the quality of the model
in three ways: by the significance of the regression
coefficient using the Student’s t-test, by the analysis
of the confidence interval, by the analysis of
P-values made it possible to establish the statistical
significance of both analyzed coefficients for the
paired linear regression model.

Further, for the analysis of variance
regression, we hypothesized that there is a linear
functional relationship between x and y, that is,
between the variables the number of active SMEs
and the volume of internal R&D costs: HO: b= 0

alternative

In our case, a comparison of the observed
value of Fisher’s f-criterion with the f-critical
showed that there is a linear relationship between
the two variables x and y, since 323.559> 4.381
=> HO0: b = 0 deviates. Comparing the t-observed
17.99 and the t-critical 2.093, we determined that b
parameter is statistically significant.

To determine the strength of this relationship,
further, using the data of regression statistics (Table
2), we found out that the correlation coefficient
or multiple R=0.972, it is higher than 0.44, that
is, we conclude that the correlation coefficient
is significant with a probability of 95% and the
hypothesis HO_r: r = 0 is rejected, the relationship
between the number of active SMEs and the volume
of internal R&D spending is strong and direct.

The analysis of the value of the coefficient
of determination of the R-squared allowed us to
give the following economic interpretation: the
variation of the variable y, namely the number
of active SMEs by 94.5%, is explained by the
variation of the variable x - that is, the volume of
internal R&D costs.

Other factors not taken into account in the
model, but certainly also affect the number of active
small and medium-sized enterprises in Kazakhstan,
accounting for about 5.5%. For example, the
level of technical equipment, the number of loans
issued, the level of infrastructure development, the
availability of the Internet, etc.

The calculation of the key quality indicator as
the average approximation error showed that it was
4.87%, that is, the quality of the model fit is high
since it should be no higher than 7%.

Thus, the regression equation allows making
the following economic interpretation.

If the coefficient x, namely the volume of
internal expenditures on R&D in Kazakhstan,
increases by 1 billion tenges, then the variable y -
the number of active SMEs will increase by 14101
units.

Analysis of the studies available in the
literature on the development of small and
medium-sized businesses, increasing its innovative
activity, in particular the works of domestic
and foreign scientists, specialists showed that
the share of domestic expenditures on R&D
in the GDP of countries with high indicators
of development of small and medium-sized
innovative entrepreneurship is about 2.5-3.0%. In
Kazakhstan, for comparison, the share of domestic
R&D expenditures in GDP at the end of 2019. is
only 0.12%, on average for the period from 1999
to 2019. the indicator is 0.19%.
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For a point forecast, we calculated the Xp
indicator (the volume of internal costs for R&D),
used the trend equation (Figure 1), based on the
current tendency for the period studied from 1999-
2019, where t t=1,2,....21 time periods, from there
for 2022 year t=24, then we will have:

X(2022)=4110,5*%t— 6474=92178 mIn tenge,

Inserting the meanings into equation (1) we
will have the point meaning

VY(2022r)=157212,34+14,1*92178=1457029 units,

In comparison with 2019 the volume of
internal expenditures on R&D will increase by
12%, and the number of active SMEs by 10%.

Next, the standard error of the forecast and
the boundaries of the corresponding confidence
interval were calculated using the formulas [23]:

Forecast standard error formula:

—2
X, - X
=0 -1+l+(p )

n Y (x-x)’

2

and the forecast confidence interval
Y=Y *=+tcrmy (3)

where Y * is the point predicted value of Y.

The calculated standard error according to the
formula (2) m = 101718.9, then

Y = 1457029 +£2.09 * 101718.9.
Using this expression
Y e = 1457029-2.09 * 101718.9 = 1244436,

low

and Yupp
1669622,

. = 1457029 + 2.09 * 101718.9 =

hence the point value of Y is in the intervals
[1244436; 1669622] or 1669622 <1457029
<1669622.

So, we received data on the lower and upper
boundaries for plotting the intervals of the predicted
value y and made the following conclusion: with
a probability of 95%, in case of increasing the
volume of internal R&D expenditures in the GDP
of the Republic of Kazakhstan to 92,178 million
tenge, the number of active small and medium-
sized enterprises will be in the range from 1244436
to 1669622 units.

Conclusion

Thus, according to the results of the study, the
following conclusions can be drawn.

Firstly, small and medium-sized businesses
in the Republic of Kazakhstan, due to objective,
historical, structural, and regional reasons, have not
yet become a generating factor in an innovation-
oriented economy, although the importance of its
role in the formation of the knowledge economy,
innovation, digitalization is recognized and the
state is taking comprehensive legislative measures,
institutional, fiscal, economic nature. However,
the efforts of one state are not sufficient. We need
the most effective interaction of both science
and business itself so that in the aggregate the
integration of all three elements of the triple
helix model would give the very desired effect of
“substitution of functions” when the spheres of
interests of these structures are intertwined.

Secondly, the obtained model of paired linear
regression, which describes the dependence of
indicators of the number of active SMEs with an
increase in R&D costs, is adequate and statistically
significant. In this regard, to develop strategies
for financing R&D of SMEs in the republic,
we believe that the results of point and interval
forecasts of an increase in the number of active
SME:s in the context of changes in R&D costs will
have a practical use, and will also serve as a basis
for further scientific research in this area.

Thirdly, the study of the development of
SMEs from the standpoint of the application of
economic and statistical methods has enormous
potential and a wide field for researchers. Many
factors need to be taken into account that affects
the performance of SMEs, which in turn require
careful selection and justification. In the process
of a preliminary analysis of the causal relationship
between indicators of the development of small and
medium-sized enterprises and factors in the form
of the number of R&D employees, the number of
universities, the number of loans issued by STBs
for SMEs and others, the complex nature of mutual
influence and possible distortion of the results of
analysis and forecasting has been revealed. The
results of the analysis made it possible to determine
the type, degree of dependence of the variables, and
the development of point and interval forecasts can
serve as the basis for developing recommendations
for increasing R&D costs, contributing to
the growth of innovative activity of SMEs in
Kazakhstan.
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