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ABSTRACT

Relevance. The study addresses the critical role of Research and Development
(R&D) in fostering entrepreneurial growth in Russia, particularly amid chal-
lenges such as centralized financing, an aging population of skilled specialists,
and external sanctions pressure in high-tech sectors.

Research Objective. This study examines the impact of R&D on firm creation
across 80 Russian regions from 2015 to 2021, with a focus on differentiating be-
tween fundamental and applied research.

Data and Methods. The analysis is based on regional datasets spanning 2015-
2021, employing regression methods to assess the relationship between R&D in-
vestment and entrepreneurial activity.

Results. The findings indicate a significant positive association between R&D
and entrepreneurial growth, both in the current and subsequent years. Region-
al heterogeneity analysis reveals that fundamental research exerts the strongest
effect, exceeding applied research and development activities, despite receiv-
ing the smallest budget allocation. The lagged effects remain statistically signif-
icant, confirming that knowledge spillover mechanisms operate across a one-
year horizon. Historical and structural challenges, including centralized fund-
ing and demographic constraints, further shape these outcomes.

Conclusions. To sustain and enhance R&D-driven entrepreneurship, the
study recommends decentralizing tax policies and improving access to feder-
al resources for regional technological development, particularly in education
and innovation ecosystems. Addressing these issues is crucial for mitigating the
adverse effects of sanctions and brain drain in high-tech sectors.
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Hens uccnemoBanmd. B fannoM ucciefosanuy usydaercs smusaue HYMOKP
Ha cosnanue ¢upM B 80 pernonax Poccunu B mepuog ¢ 2015 no 2021 rog ¢ ak-
LIeHTOM Ha pasrpaHnyeHue GpyHIaMeHTaIbHbIX U IIPUK/IaHBIX MCCTIeOBAHMNIL.
JlaHHbIe U MeTOfbI. AHa/M3 OCHOBAaH Ha PErMOHA/IbHBIX Hab0OpaxX HaHHBIX
3a 2015-2021 roppl ¢ MCIIONIb30OBAaHMEM METOMIOB PETPECCMOHHOIO aHalINn3a
IS OLIEeHKM B3aMMOCBA3K Mexay naBectunyamyu 8 HMOKP u npegnpuunma-
T€/IbCKOJ aKTMBHOCTBIO.

Pesynbrarspl. IlomydeHHble JaHHbIE YKA3bIBAIOT HAa 3HAYNTE/IbHYIO MIOTOXKUTE/b-
Hy1o cBA3b Mexy HVIOKP u pocToM nmpefnpuHMMAaTeTbcKOM aKTUBHOCTY KaK
B TEKYILEM, TaK ¥ B IOCTENYIOLUIMX rofjaX. AHa/IN3 PeTrMOHaIbHON HEOJHOPO.-
HOCTI TIOKasbIBaeT, YTO (YHEAMEHTANbHbIE MCCIETOBAHMS OKA3bIBAIOT Hanbo-
J7lee CUIBHOE B/MsIHME, IPEBOCXOMS MPUK/IAfHbIE MICCIENOBAHUs U pa3paboT-
KU, HECMOTPs1 Ha HamMMeHbliee OrofpkeTHOe prHaHCHpoBanue. OTIoKeHHbIe 3¢-
(beKTBI OCTAIOTCS CTATUCTMYECKM 3HAYMMBIMM, ITOATBEPXKHAS], YTO MEXaHU3MbI
PacIpOCTpaHeHNs 3HAHMI JIEVICTBYIOT B T€YeHMe OFHOro roga. Vcropmyeckne
VI CTPYKTYPHBIe IIpo6/IeMbl, BK/II0Yas IIeHTPa/I30BaHHOE PUHAHCUPOBAHIE I Jie-
Morpaguyeckue OrpaHNYeHVs, HONO/IHUTENLHO B/IMAIOT Ha 3T Pe3y/IbTaThl.
BeiBoppl. [l mopsiep>kaHuA M IOBBIIIEHUA NPENIIPUHMMATE/IBCTBA, OCHO-
BanHoro Ha HVIOKP, nccnenosanmue pekoMeHAyeT HAelieHTpaln3oBaTbh Ha-
JIOTOBYIO IIOJIMTUKY U YIYYIIUTb JOCTYI K (efilepabHbIM pecypcaM Ajs pe-
TMOHA/IbHOTO TEXHOJIOTMYEeCKOIO pPasBUTUA, OCOOEHHO B 00pa3oBaTe/IbHBIX
Y MHHOBALIMOHHBIX 9KOCKCTeMax. PellleHne aTux mpobieM nMeeT pelraliee
3Ha4YeHMe JI/I1 CMATYeHNA HeTaTUBHBIX IIOCTeICTBUI CAHKLINI M YT€4KU MO3-
T'OB B BbICOKOTE€XHOJIOTMYHBIX CEKTOPaX.
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Introduction

Research and development (R&D) is a central
driver of innovation-led economic growth and
an important catalyst for entrepreneurial activity.
While the effects of R&D on aggregate econom-
ic growth have been extensively studied and sup-
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ported by both theoretical and empirical work, the
mechanisms linking R&D investment to entrepre-
neurship remain less well understood. In particu-
lar, although the R&D-based endogenous growth
model developed by Romer (1990) has been wide-
ly applied, its implications for entrepreneurial de-
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velopment, especially in the Russian context, have
received limited attention.

In endogenous growth models, technological
progress and productivity are driven by R&D in-
vestments (Baldanzi et al., 2019; Gehringer and
Prettner, 2019). However, the relationship be-
tween innovation and growth is mediated by insti-
tutional and demographic factors, including pop-
ulation aging, which may stimulate savings and
subsequent investments in productivity-enhanc-
ing technologies (Acemoglu and Restrepo, 2022).
This is particularly relevant for Russia, where ag-
ing demographics and stagnant productivity pose
critical challenges (Gurvich and Ivanova, 2018).

Entrepreneurship in Russia often operates
in low value-added sectors, supporting regional
economies while facing constraints in transition-
ing toward high-productivity activities. R&D in-
vestment, largely driven by large firms, gener-
ates spillover effects that are unevenly distribut-
ed due to institutional fragmentation and regional
disparities. Recent empirical evidence highlights
these dynamics. Belyakov et al. (2025) find a pos-
itive relationship between demographic aging and
total factor productivity (TFP), potentially driv-
en by higher savings among older cohorts that
lower interest rates and stimulate R&D invest-
ment (Belyakov et al., 2021). Spatial economet-
ric analyses further show that population aging
has a significant but heterogeneous impact on re-
gional growth in Russia (Artamonov et al., 2021).
Methodological advances in regional analysis also
emphasize the role of quality-of-life indicators as
mediators between R&D and entrepreneurial out-
comes; for example, Kurbatskii and Mironenkov
(2023) demonstrate that weighted principal com-
ponent methods effectively capture regional wel-
fare disparities that shape knowledge spillovers
and firm formation.

The institutionalization of R&D and entrepre-
neurship is critical to achieving these results. Rus-
sia’s legacy of Soviet-era science cities, which are
today hotspots for high-skilled labor and inno-
vation (Schweiger et al., 2022), shows how route
dependence shapes regional differences. The role
of organized clusters as institutional entrepre-
neurs is further explored by Lupova-Henry et al.
(2021). Empirical evidence suggests that proxim-
ity to research institutions and the quality of hu-
man capital are strong predictors of patent activity
(Zemtsov et al., 2016), while entrepreneurial clus-
ters are concentrated in Moscow, St. Petersburg,
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and a limited number of regions such as Kaluga
and Belgorod, which benefit from agglomeration
effects (Zemtsov et al., 2021). Nevertheless, inno-
vation among small and medium-sized enterpris-
es (SMEs) remains constrained by weak ecosys-
tem linkages (Andreeva et al., 2016). This chal-
lenge has become more pronounced in the context
of post-2014 sanctions and COVID-19-related
stimulus measures, highlighting the need for al-
ternative policy approaches (Zemtsov et al., 2020;
Zhemkova, 2023).

Despite the growing importance of both R&D
and entrepreneurship in the modern economy, no
study to date has explicitly examined their rela-
tionship in the Russian context. To address this
gap, the present study tests the following hypoth-
eses: (H1) R&D activities promote entrepreneur-
ial growth in Russian regions, and (H2) the mag-
nitude of this effect varies by type of R&D activ-
ity. By investigating these hypotheses, the study
contributes new empirical insights to the litera-
ture and offers policy-relevant implications for
governments and firms seeking to allocate R&D
resources more effectively to stimulate entrepre-
neurial development.

The remainder of the paper is organized as
follows. Section 2 reviews the relevant literature.
Section 3 describes the data, methodology, and
model specifications. Section 4 presents the em-
pirical results. Section 5 discusses the findings in
relation to existing studies and outlines policy im-
plications. Section 6 concludes.

Theoretical Framework

Endogenous growth theories, such as those
proposed by Romer (1990) and Aghion and How-
itt (1992), emphasize that technological prog-
ress — fuelled by intentional R&D investments —
generates spillover effects that entrepreneurs
exploit to launch new ventures. Romer’s mod-
el highlights how knowledge, as a non-rivalrous
good, creates increasing returns to scale, while
Aghion and Howitt’s “creative destruction” frame-
work illustrates how innovation displaces incum-
bent technologies, fostering dynamic competition
and new firm entry. These models underscore that
entrepreneurship is not merely a function of indi-
vidual traits but a systemic outcome of knowledge
accumulation and diffusion (Acs et al., 2009).

There is a critical distinction between firm
expansion (e.g., incumbents scaling operations)
and entrepreneurship (new firm creation). Entre-
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preneurship is particularly important for inno-
vation-led development because startups are of-
ten able to commercialize knowledge that remains
underutilized within existing organizations. This
mechanism, commonly referred to as knowledge
spillover entrepreneurship (Acs et al., 2013; Au-
dretsch & Keilbach, 2007), highlights the role of
new firms in translating R&D outcomes into mar-
ketable innovations. Empirical studies provide
strong support for this view. Baptista and Men-
donga (2010) show that proximity to universities,
which serve as key R&D hubs, increases the for-
mation of knowledge-based startups by improv-
ing access to human capital and ideas. Similarly,
Astebro et al. (2012) find that high-quality start-
ups are primarily founded by university gradu-
ates rather than faculty members, indicating that
R&D institutions stimulate entrepreneurship in-
directly through skill formation. Together, these
findings suggest that entrepreneurship functions
as a critical conduit for R&D spillovers, trans-
forming latent knowledge into economic value.

Empirical studies consistently show a positive
relationship between R&D investment and entre-
preneurial activity, although the strength and na-
ture of this relationship vary across contexts and
types of R&D. At the macro level, regions with
well-developed R&D infrastructure, such as in-
dustrial clusters (Delgado et al., 2010) or “science
cities’, tend to exhibit higher rates of startup for-
mation due to agglomeration effects, including
shared resources and dense knowledge networks.
For instance, Baptista and Mendonga (2010)
demonstrate that regions hosting universities and
highly educated workforces attract more knowl-
edge-intensive startups, while Link and Scott
(2005) show that universities’ participation in re-
search joint ventures (RJVs) facilitates the diffu-
sion of innovation. At the same time, the entre-
preneurial impact of R&D is heterogeneous. In-
dustrial R&D is more likely to generate spin-offs,
whereas public R&D, such as that conducted in
government laboratories, may fail to translate into
new firm creation without effective entrepreneur-
ial intermediation.

On the other hand, the analysis of R&D’s im-
pact on the microeconomic level focuses on firm
growth. The definition of firm growth differs from
study to study. Some studies define it as an expan-
sion of the firm’s size and an enhancement of its
performance. The firm size and its performance
can be measured in various ways, but the most
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representative indicators used in previous stud-
ies are growth in sales (Freel, 2000; Del Monte
and Papagni, 2003; Freel and Robson, 2004; Ada-
mou and Sasidharan, 2007; Winters and Stam,
2007; Demirel and Mazzucato, 2012; Garcia-Man-
jon and Romero-Merino, 2012; Zhu et al., 2021),
or employment ratio (Yang and Huang, 2005;
Stam and Wennberg, 2009). Other papers linked
the concept of firm growth to entrepreneurship.
These papers used the number of new firm births
as a dependent variable and measured its elasticity
depending on the R&D variables (Kirchhoff et al.,
2002; Choi and Phan, 2006; Kanellopoulos and
Fotopoulos, 2019). However, the fact that most
research focuses on firm growth rather than en-
trepreneurship highlights that the connection be-
tween R&D and new firm creation remains un-
derexplored.

Disaggregating R&D by sector and firm size
reveals additional heterogeneity in these relation-
ships. Aghion et al. (2005) identify an inverted-U
relationship between competition and innova-
tion, indicating that moderate levels of competi-
tion, which are often observed in R&D-intensive
sectors, are most conducive to entrepreneurial in-
centives, whereas excessive competition can sup-
press innovation by reducing expected returns.
Similarly, Audretsch and Keilbach (2007) empha-
size that knowledge spillovers are geographically
bounded, leading to uneven entrepreneurial out-
comes even within countries with high overall
R&D intensity.

The empirical literature on R&D and firm
growth is extensive but yields mixed results. A
substantial body of research reports a positive
relationship between R&D investment and firm
growth (Kirchhoft et al., 2002; Del Monte and
Papagni, 2003; Yang and Huang, 2005; Choi and
Phan, 2006; Adamou and Sasidharan, 2007; Stam
and Wennberg, 2009; Capasso et al., 2015; Kanel-
lopoulos and Fotopoulos, 2019; Zhu et al., 2021),
emphasizing R&D as a key driver of firm expan-
sion and performance. These findings support
policy arguments for actively promoting R&D in-
vestment.

In contrast, other studies report negative or
ambiguous effects. Freel and Robson (2004), an-
alyzing SMEs in Scotland and Northern England,
find that product innovation can reduce sales
and productivity growth in manufacturing firms.
Similarly, Freel (2000) finds no significant differ-
ence in sales performance between innovative and
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non-innovative small manufacturing firms, while
Winters and Stam (2007) report mixed effects
of innovation on sales growth among high-tech-
nology SMEs in the Netherlands. One explana-
tion for these inconsistent findings is firm-lev-
el heterogeneity in absorptive capacity, which af-
fects the ability to translate R&D investment into
growth outcomes.

Demirel and Mazzucato (2012) show that for
U.S. pharmaceutical firms, R&D positively af-
fects growth in large firms with patenting activ-
ity, while for small firms the effect is contingent
on sustained patenting over at least five years.
Garcia-Manjon and Romero-Merino (2012) simi-
larly argue that R&D is essential primarily for the
growth and survival of firms in high-technology
sectors. Moreover, as noted by Freel (2000) and
Coad and Rao (2008), the positive impact of in-
novation on growth is often concentrated among
a small group of high-growth firms rather than
being broadly distributed.

Even when positive effects are sustained, the
size of the impact can vary due to the heterogene-
ity of companies. Zhu et al. (2021), in their study
of Chinese companies, revealed that R&D has a
significant positive impact on firm growth and
that R&D of private enterprises has a greater im-
pact on firm growth than that of state-owned en-
terprises across all quantiles. Large firms exhibit
significantly greater R&D effectiveness compared
to SMEs. Yang and Huang (2005), in their study
on firm growth in the Taiwanese electronics in-
dustry, demonstrated that an increase in R&D in-
duces a higher growth rate, and this impact is par-
ticularly higher for small firms.

Entrepreneurial activity has attracted con-
siderable attention from researchers and policy-
makers in Russia. Despite global evidence link-
ing R&D to entrepreneurship, Russia remains
an understudied yet compelling case due to its
unique institutional and regional disparities Rus-
sian literature primarily examines R&D’s impact
on firm productivity, particularly in state-owned
enterprises, while largely ignoring its role in fos-
tering new firm creation. This omission is import-
ant given the country’s declining startup rates and
continued reliance on legacy industries. Region-
al inequalities further compound the problem.
For example, “science cities” such as Dubna con-
centrate R&D resources but struggle to commer-
cialize innovations, while peripheral regions face
brain drain and underfunded universities. Cen-
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tralized R&D funding also skews opportunities,
leaving entrepreneurial ecosystems underdevel-
oped outside Moscow and St. Petersburg.

Institutional legacies, including Soviet-era
centralization and weak intellectual property
rights, hinder knowledge spillovers. Unlike the
U.S. or EU, where universities actively partner
with startups (Link & Scott, 2005), Russian aca-
demia largely remains siloed from industry, lim-
iting entrepreneurial pathways for graduates (As-
tebro et al., 2012). Human capital distribution is
also uneven. Elite universities produce top-ti-
er STEM graduates, whereas regional vocation-
al schools often lack curricula aligned with labor
market needs (Medyanik et al., 2024).

Several studies have examined R&D’s impact
on firm growth in Russia. However, these studies
focus mainly on productivity or performance im-
provements (Pushkarev & Mariev, 2018; Tra-
chuk & Linder, 2018; Nagieva et al., 2020; Mariev
et al., 2022) and do not explore the link between
R&D and entrepreneurship, specifically new firm
formation. This review highlights two gaps in the
literature. First, while prior research accounts for
firm heterogeneity, such as size, growth rate, pat-
enting activity, and industrial sector, it does not
examine the differential effects of distinct types of
R&D. Second, firm growth has been measured ei-
ther as growth in sales, productivity, or size, or as
entrepreneurial growth through new firm entry,
but the latter has not yet been studied in Russia.

Our study addresses these gaps by analyz-
ing three types of R&D activity: fundamental re-
search, applied research, and development. We
also investigate their relationship with entrepre-
neurship, which is measured by new firm entry.
Based on this framework, we propose two hy-
potheses:

H1: R&D activities positively influence entre-
preneurial growth, measured by new firm entry,
in Russian regions.

H2: The impact of R&D varies across different
types of R&D activities.

Method and Data
Baseline OLS model

Our model is designed to assess the impact of
R&D on entrepreneurial growth. In this study, en-
trepreneurial growth is measured by the number
of firm entries across Russian regions. R&D activ-
ity is proxied using two indicators: R&D expendi-
ture and the number of R&D personnel. Firm cre-
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ation is also influenced by macroeconomic con-
ditions (Dvoulet, 2017); therefore, we control for
trade intensity and regional economic growth. In-
creased trade volumes may require firms to ex-
pand production capacity, potentially leading to
the formation of new firms, while stronger eco-
nomic performance generally encourages entre-
preneurial activity. Moreover, because firm cre-
ation may involve time lags, we estimate the ef-
fects of R&D on entrepreneurial entry in both
period t and t+1 of a dependent variable is esti-
mated. Equations (1) and (2) present the baseline
OLS specifications.

Ln (Firm) =, + B,Ln (RnD_cost),, +

it (or t+1)

+ B,Ln (Trade),, + B,GGRP, + €3 (1)

Ln (Firm) =B, + B,Ln (RnD_employee)., +

it (or t+1)

+ B,Ln (Trade) , + B,GRPC, + € ; (2)

Heterogeneity model

R&D can be categorized into multiple types.
The Russian database classifies R&D into three
distinct activities: fundamental research, applied
research, and development. The impact on firm
creation may vary depending on the type of re-
search. Fundamental research is long-term in na-
ture, laying the theoretical foundation for future
applications, whereas applied research and devel-
opment are more short-term, focusing on imme-
diate technological implementation. Based on this
distinction, we specify Equations (3)-(5) to exam-
ine the heterogeneous effects across R&D types as
follows:

Ln (Firm)it(or 1) Bo +

+ B,Ln (RnD_fundamental), +

+ B,Ln (Trade) , + p,GRPC_ + € ; (3)
Ln (Firm), orsn = B, + B,Ln (RnD_applied), +
+ B,Ln (Trade), + B,GRPC, + ¢, (4)

Ln (Firm)it (or t+1) = [30 +
+ B,Ln (RnD_development) , +
+ B,Ln (Trade) , + p,GRPC_ + € ; (5)
Dynamic panel GMM estimation
The creation of new firms may increase R&D

expenditures, as startups often incur substantial
costs during early-stage product development.
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Our study examines the causal effect of R&D on
firm formation. To address potential endogeneity
concerns, we employ two-step difference GMM
estimation (Arellano and Bond, 1991), which
helps mitigate endogeneity problems. The GMM
model specifications are presented in Equations
(6)-(9) as follows:

Ln (Firm), = B, + B,Ln (Firm,_ ) +
+B,Ln (RnD_cost),, + f,Ln (Trade), +
+P ,GRPC_ +¢; (6)
Ln (Firm), = B, + p,Ln (Firm,_ ) +
+B,Ln (Firm,_) + f,Ln (RnD_cost), +
+ P ,Ln (Trade), + [35GRPC1'[ +€, (7)
Ln (Firm), = B, + p,Ln (Firm, ) +
+ B,Ln (RnD_employee) , + p,Ln (Trade), +
+P ,GRPC_ +¢; (8)
Ln (Firm), =, + p,Ln (Firm__) +
+B,Ln (Firm,_) + B,Ln (RnD_employee), +
+ B,Ln (Trade), + B,GRPC, + ¢, 9)

Data description

This study examines the impact of R&D on
growth in entrepreneurial activity (measured by
the number of firms in Russian regions) using
panel data from 80 Russian regions for the peri-
od 2015-2021. The data were obtained exclusive-
ly from the Federal State Statistics Service of Russia
(Rosstat)'. All monetary values originally denom-
inated in rubles were first converted to USD using
the annual average exchange rates published by the
Central Bank of Russia?, then adjusted to constant
2015 USD values using Russia’s GDP deflator from
the World Development Indicators®. The use of rel-
ative shares is justifiable because it focuses on in-
tra-national variation. Models are designed to ex-
press how much a region contributes to the nation-
al R&D context, rather than how much it spends in
absolute terms allowing for comparability across
regions and time, using relative shares controls for

! Retrieved from: https://rosstat.gov.ru/ (date of ac-
cess: 01.11.2023).

2 Retrieved from: https://www.cbr.ru/eng/ (date of ac-
cess: 01.11.2023).

* Retrieved from: https://data.worldbank.org/ (date of
access: 01.11.2023).
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Table 1
Variable Definitions and Data Sources
Notation Definition
i Regions in Russia (80 regions)
t Year (2015~2021)

Ln(Firm), Log of the number of firms per person in region i

Log of R&D costs in region i divided by the sum of total R&D costs in Russian re-

Ln(RnD_COSt)ﬂ gions in year ¢

Log of the number of R&D employees in region i divided by the sum of total R&D

Ln(RnD_employee), employees in Russian regions in year ¢

Log of R&D costs in fundamental sciences in region i divided by the sum of total

Ln(RnD_fundamental), R&D costs in fundamental sciences in Russian regions in year ¢

Log of R&D costs in applied sciences in region i divided by the sum of total R&D

Ln(RnD_applied), costs in applied sciences in Russian regions in year ¢

Log of R&D costs in development activities in region i divided by the sum of total

Ln(RnD_development), R&D costs in development activities in Russian regions in year ¢

Log of average of export and import share of region i compared to the total export

82

Ln(Trade), and import in Russian regions in year ¢
GRPC, Growth rate of GRP per capita in region i
4 Error term
Table 2
Summary Statistics
Variables Mean Maximum Minimum Std. Dev. Observations

Ln (Firm)” -3.80 -2.35 -5.05 0.36 526

Ln (RnD_cost),, -5.97 -1.00 -9.64 1.67 526

Ln (RnD_employee), -5.69 -1.13 -9.49 1.50 526

Ln (RnD_fundamental) -5.79 -0.81 -9.46 1.48 526

Ln (RnD_applied)i[ -19.90 -14.62 -24.11 1.65 526

Ln (RnD_development) , -6.77 -1.10 -15.13 2.61 526

Ln (Trade)n -5.83 -0.83 -13.48 1.76 526
GRPC, 0.04 0.72 -0.20 0.09 480

Source: calculated by the authors.

national trends (e.g., inflation, systemic chang-
es), making regional differences more interpreta-
ble. Tables 1 and 2 present the data description and
summary statistics, respectively.

Figure 1 presents the total number of regis-
tered companies in Russia during 2015-2021,
showing a consistent downward trend. Over this
five-year period, the number of companies de-
clined from 5.04 million to 3.34 million. Several
factors may explain this decline. First, recent years
have seen increasing numbers of Russian compa-
nies ceasing operations due to bankruptcy*. These
liquidated firms are directly reflected in the offi-

4 RBC. (2022). Retrieved from:_https://www.rbc.ru/eco-
nomics/19/01/2022/61e6¢8219a7947a716d7803d (date of ac-
cess: 28.12.2023).
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cial statistics. Second, government crackdowns on
gray-market schemes — including illegal cash op-
erations, offshore money transfers, and tax eva-
sion — have reduced the number of registered le-
gal entities. Previously common practices such
as “envelope salaries” (unofficial cash payments)
have become more difficult and costly, making
formal wage payments more attractive, particu-
larly for employers with large workforces.

Figure 2 presents the ratio of R&D costs to
GRP in Russia in 2015-2021, showing cyclical
fluctuations with an overall downward trend. The
ratio experienced a sharp decline from 2015 to
2016, falling below 1.2 %. While it showed modest
recovery in 2017, the ratio remained below 1.2 %.
Another significant drop occurred in 2018 (be-
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low 1.1 %), followed by a partial recovery to above
1.15% in 2019-2020. However, 2021 saw a further
decline to below 1.0 %.

5,200,000
4,800,000
4,400,000
4,000,000
3,600,000

3,200,000

Figure 1. Annual number of companies

Source: authors’ calculations based on Rosstat data
(Retrieved from: https://rosstat.gov.ru/regional statistics
(date of access: 24.12.2023)).
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Figure 2. R&#D costs to GRP (%)

Source: author’s calculations based on Rosstat data
(Retrieved from: https://rosstat.gov.ru/regional statistics
(date of access: 24.12.2023)).

Figure 3 presents the number of employees in
R&D per population (%) in Russia. It can be seen
that the ratio of employees in the R&D sector is
continuously decreasing for the period 2015-
2021. This declining tendency is mostly shown by
breaking down the data per district from 2016 to
2021 (Figure 3). The reason for this is linked to
Figure 2: As the R&D costs to GRP ratio declines,
the number of personnel working in R&D sec-
tors declines accordingly. In addition, Russia is
going through insufficient replenishment of sci-
entific personnel. In 2020, 85.5 thousand people
were accepted into research organizations, while
91.1 thousand people left>.

5 AIERU. (2021). Retrieved from: https://aif.ru/soci-
ety/opinion/pochemu v rossii uchyonyh stanovitsya vsyo
menshe (date of access: 29.12.2023). RBC
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Figure 3. The number of employees in R&»D
to population (%) in Russia
Source: author’s calculations based on Rosstat data

(Retrieved from: https://rosstat.gov.ru/regional statistics
(date of access: 24.12.2023)).

Figure 4 displays how R&D costs are allocated
for different types of research. The pattern of the
allocation does not show any difference for 2015-
2021. In Russia, approximately 60-70% of the
R&D spending is dedicated to the development of
products and services to commercialize the new
technology. Slightly more than 30 % of the R&D
costs are directed toward applied and fundamen-
tal research, while the least R&D costs are headed
toward fundamental research.

70
60 —/\’——\——
50
40

30

W —— -
—.___,.-I-"'-F-'-__‘_—_'__'_—'i

2015 2016 2017 2018 2018 2020 2021

10

— The R&D costs on fundamental research to the total (%)
——— The R&D costs on practical research to the total (%)
—— The R&D costs on development to the total (%)

Figure 4. R&D spending by type of research

Source: authors’ calculations based on Rosstat data
(Retrieved from: https://rosstat.gov.ru/regional statistics
(date of access: 24.12.2023)).

Regional comparison in major indicators across
Russian federal districts

The analysis of regional dynamics reveals sig-
nificant heterogeneity across Russian federal dis-
tricts, underscoring the spatial unevenness of
both entrepreneurial activity and R&D inputs.
While the aggregate national data indicates a gen-
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eral contraction in these indicators, a closer ex-
amination of Figures A1-A3 in Appendix high-
lights unique regional trajectories that are essen-
tial for understanding the localized impact of
R&D on firm creation.

As depicted in Figure Al, the decline in the
number of registered companies is not merely a
national aggregate trend but a pervasive phenom-
enon observed across all eight federal districts
from 2015 to 2021. This synchronized downward
trajectory suggests that systemic factors — such
as stricter federal tax compliance measures, the
liquidation of “grey” market firms, and econom-
ic volatility — have exerted a uniform pressure on
business density, irrespective of a region’s specific
economic base. However, the intensity of this de-
cline varies, with industrially developed districts
facing sharper absolute reductions in active legal
entities compared to less saturated peripheral re-
gions.

In terms of financial inputs, Figure A2 illus-
trates the ratio of R&D costs to Gross Region-
al Product (GRP), revealing pronounced dispar-
ities in regional innovation intensity. Unlike the
uniform decline in firm counts, R&D spend-
ing exhibits distinct regional volatility. The Cen-
tral, Northwestern, and Southern federal dis-
tricts demonstrate the most significant down-
ward trends in R&D intensity. This is particularly
alarming given that these districts host the ma-
jority of Russias “science cities” The univer-

sal decline observed across all districts between
2020 and 2021 further indicates that the pandem-
ic-induced economic shock exacerbated existing
structural underfunding, leaving no region insu-
lated from the contraction in innovation capital.

This contraction in financial resources is mir-
rored by a depletion of human capital, as shown in
Figure A3. The number of R&D employees per
capita displays a continuous decreasing tenden-
cy across most districts from 2016 to 2021. This
trend is inextricably linked to the reduction in
R&D funding (Figure A2), as reduced grants and
contracts directly limit the capacity of regional re-
search institutions to retain personnel. The data
suggests a “hollowing out” effect where even re-
gions with strong academic legacies are failing to
replenish their scientific workforce, likely due to
the combined pressures of an aging demographic
of experts and the outmigration of younger spe-
cialists primarily to Moscow or abroad.

Results

Table 3 presents the effects of R&D on
growth in entrepreneurial activity. Both R&D
spending and R&D personnel are positively as-
sociated with the number of firms with statistical
significance. This positive and significant correla-
tion holds both in cross-section fixed effects and
cross-section random effects models. This indi-
cates that increasing R&D spending and expand-
ing the personnel in R&D sectors will contribute

Table 3

Effects (t) of R&D on the Entrepreneurial Growth

OLS.1 OLS.2 FE.1 FE.2 RE.1 RE.2
Constant -3.05%** -3.06%** —3.52%%* —2.58%%* =3.14%%* =3.01%%*

(0.05) (0.05) (0.22) (0.32) (0.10) (0.11)
Ln(RnD_Cost) 0.06%** 0.08** 0.10%**

(0.01) (0.03) (0.02)
Ln(RnD_employee) 0.05%%* 0.23%* 0.13%**

(0.01) (0.05) (0.02)

Ln(Trade) 0.07*** 0.09%** -0.02 -0.01 0.02 0.02

(0.01) (0.01) (0.02) (0.02) (0.01) (0.01)
Grw_GRP 0.41*+%* 0.40** 0.19%** 0.16*** 0.18%** 0.17%%*

(0.15) (0.16) (0.06) (0.06) (0.06) (0.06)
Cross-section effect No No Yes Yes Yes Yes
Obs. 480 480 480 480 480 480
r2_a 0.38 0.37 0.91 0.92 0.11 0.12
Hausman-test (p-value) 0.00 0.00

Note: standard errors are in parentheses (*: p < 0.1, **: p < 0.05, *** p < 0.01).
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Table 4
Effects (t+1) of R&D on the Entrepreneurial Growth
Dep. Var. OLS.3 OLS.4 FE.3 FE.4 RE.3 RE,4
Constant -3.08*** =3.09%** —3.58%** —2.92%%* -3.15%%* -3.06***
(0.05) (0.06) (0.24) (0.31) (0.10) (0.11)
Ln(RnD_Cost) 0.05%** 0.07** 0.09***
(0.01) (0.03) (0.02)
Ln(RnD_employee) 0.04%** 0.18*** 0.11%%%
(0.01) (0.05) (0.02)
Ln(Trade) 0.08*%** 0.09%** -0.02 -0.02 0.03** 0.03*
(0.01) (0.01) (0.02) (0.02) (0.02) (0.02)
Grw_GRP 0.59%** 0.59*%** 0.38*** 0.35%%* 0.35%** 0.34*%**
(0.18) (0.18) (0.06) (0.06) (0.06) (0.06)
Cross-section effect No No Yes Yes Yes Yes
Obs. 400 400 400 400 400 400
r2_a 0.40 0.39 0.94 0.94 0.18 0.18
Hausman-test (p-value) 0.00 0.00

Note: standard errors are in parentheses (*: p < 0.1, **: p < 0.05, *** p < 0.01).

to the formation of companies in Russia. While
model fit improves with the fixed effects estima-
tor, the adjusted R-squared exceeds 0.90.

Table 4 describes the effects of R&D on en-
trepreneurial growth after one year. The result of
the effects of t+1 is consistent with that of the cur-
rent year. Both the effects of R&D costs and per-
sonnel size on the number of firms are positive
and significant after 1 year. This confirms that
R&D investments stimulate entrepreneurial ac-
tivity not only immediately but also with a one-

year lag. As in the current-year model, the fixed
effects specification demonstrates superior mod-
el fit, with an adjusted R? of 0.94.

To examine heterogeneity in R&D effects, we
constructed additional models analysing how dif-
ferent R&D types influence firm creation. Specif-
ically, we tested the impacts of fundamental re-
search, applied research, and product develop-
ment separately.

Tables 5-7 present the effects of expenditures
on fundamental research, applied research, and

Table 5
Effects of Fundamental Research on Growth in Entrepreneurial Activity
Dep. Var. Ln(Firm) Ln(Firm)

OLS.1 FE.1 RE.1 OLS.2 FE.2 RE.2
Constant —2.95%** —3.58%** =311 —2.98%** —3.55%** -3.08%**

(0.06) (0.19) (0.11) (0.06) (0.20) (0.11)
Ln(RnD_Fundamental) 0.07%%* 0.07%%* 0.09%*%* 0.07%%* 0.09%** 0.10%%*

(0.01) (0.03) (0.02) (0.01) (0.02) (0.02)
Ln(Trade) 0.08*** -0.03 0.03** 0.09%** -0.03 0.04*%**

(0.01) (0.02) (0.01) (0.01) (0.02) (0.01)
Grw_GRP 0.34** 0.19%** 0.17%** 0.53%** 0.38*** 0.33%**

(0.15) (0.06) (0.06) (0.17) (0.06) (0.06)
Cross-section effect No Yes Yes No Yes Yes
Obs. 480 480 480 400 400 400
r2_a 0.40 0.91 0.1 0.42 0.94 0.18
Hausman-test (p-value) 0.00 0.00

Note: standard errors are in parentheses (*: p < 0.1, **: p < 0.05, *** p < 0.01).
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Table 6
Effects of Applied Research on Growth in Entrepreneurial Activity
Dep. Var. Ln(Firm) Ln(Firm)
OLS.1 FE.1 RE.1 OLS.2 FE.2 RE.2
Constant =244+ —3.22%%* —2.43%%* =253 —3.45%** -2.63%%*
(0.19) (0.35) (0.24) (0.20) (0.32) (0.23)
Ln(RnD_Applied)) 0.04*** 0.04** 0.06*** 0.04*** 0.03** 0.05%**
(0.01) (0.02) (0.01) (0.01) (0.02) (0.01)
Ln(Trade) 0.09*%** -0.04 0.04*** 0.09%** -0.03 0.04***
(0.01) (0.02) (0.02) (0.01) (0.02) (0.01)
Grw_GRP 0.38** 0.20%** 0.17%¢* 0.59*** 0.39%** 0.35%**
(0.15) (0.06) (0.06) (0.18) (0.06) (0.06)
Cross-section effect No Yes Yes No Yes Yes
Obs. 480 480 480 400 400 400
r2_a 0.38 0.91 0.10 0.39 0.94 0.15
Hausman-test (p-value) 0.00 0.00
Note: standard errors are in parentheses (*: p<0.1, **: p<0.05, *** p<0.01).
Table 7
Effects of Product Development on Growth in Entrepreneurial Activity
Dep. Var. Ln(Firm) Ln(Firm)
OLS.1 FE.1 RE.1 OLS.2 FE.2 RE.2
Constant =3.12%%* -3.68%** —3.25%%* -3.15%%* -3.80*** =331
(0.05) (0.19) (0.09) (0.05) (0.18) (0.09)
Ln(RnD_development)) 0.03*** 0.04%** 0.05%** 0.03*** 0.03*** 0.04%**
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Ln(Trade) 0.09%** —0.02*** 0.04*** 0.09*%** -0.02 0.04***
(0.01) (0.03) (0.01) (0.01) (0.03) (0.01)
Grw_GRP 0.33*%* 0.14*%* 0.11* 0.55%** 0.39%** 0.34%**
(0.16) (0.07) (0.06) (0.18) (0.07) (0.06)
Cross-section effect No Yes Yes No Yes Yes
Obs. 480 480 480 400 400 400
r2_a 0.37 0.90 0.13 0.39 0.93 0.19
Hausman-test (p-value) 0.00 0.00
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Note: standard errors are in parentheses (*: p < 0.1, **: p < 0.05, *** p < 0.01).

product development on firm creation, respec-
tively. The results consistently show positive ef-
fects for all R&D types at the 1 % significance lev-
el, with these effects persisting into the t+1 pe-
riod. Notably, the regression coefficient for Ln
(RnD_Fundamental) exceeds those of Ln (RnD_
Applied) and Ln (RnD_Development), indicating
that fundamental research contributes most sig-
nificantly to firm creation in Russian regions. This
finding is particularly noteworthy given that Rus-
sia allocates the smallest portion of its R&D bud-
get to fundamental research activities.

To enhance the reliability of our results, we
further estimated models using the GMM meth-

R-ECONOMY J

od. As shown in Table 8, the positive and statis-
tically significant effects of both R&D costs and
personnel remain robust in the GMM specifica-
tions, consistent with the baseline model results.

Discussion

In this study, we examine the impact of R&D
on entrepreneurial growth in Russia. Regres-
sion analysis shows a positive association, con-
sistent with prior findings (Kirchhoff et al., 2002;
Kanellopoulos and Fotopoulos, 2019). These re-
sults hold for both t and t+1 across OLS, FE, RE,
and GMM estimators. We also find heterogene-
ity in R&D effects by type, with the strongest im-
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Table 8
Effects of R&D on Growth in Entrepreneurial Activity Two-step difference GMM
GMM.1 GMM.2 GMM.3 GMM .4
Firm (t-1) 0.85%%+ 167+ 0.81%+ 1.04%%
(0.04) (0.41) (0.04) (0.26)
Firm (t-2) —0.94** ~0.31
(0.45) (0.24)
Ln(RnD_Cost) 0.15%* 0.32%*
(0.07) (0.16)
Ln(RnD_Employee) 0.57*** 0.68**
(0.16) (0.27)
Ln(Trade) -0.04 0.03 0.02 0.05
(0.03) (0.06) (0.03) (0.05)
Grw_GRP -0.11* -0.28% 0.05 -0.06
(0.06) (0.15) (0.08) (0.10)
AR (2) 0.22 0.37 0.40 0.48
Obs. 320 320 320 320

Note: standard errors are in parentheses (*: p < 0.1, **: p < 0.05, *** p < 0.01).

pact coming from fundamental research. This
aligns with previous literature: R&D’s effect on
employment growth is more pronounced in small
firms (Yang and Huang, 2005), larger in private-
ly owned and large companies (Zhu et al., 2021),
and varies with firm size, patenting activity, and
persistence (Demirel and Mazzucato, 2012). Our
study adds to the literature by quantifying these
differences across R&D types.

Despite R&D’s role in fostering entrepreneur-
ship, the R&D-to-GRP ratio in Russia has steadi-
ly declined from 2015 to 2021. Revitalizing na-
tional and regional economies requires policies
to promote R&D. Our findings support theo-
retical models for Russian regions, highlighting
the importance of firm-level innovation incen-
tives to drive productivity and economic growth
(Zamulin and Sonin, 2019). Given the state’s cen-
tral role in R&D financing, measures such as uni-
fying Russia’s scientific-technological space, es-
tablishing transparent interregional cooperation
rules, and expanding federal funding for region-
al R&D initiatives are recommended (Mazilov
and Davydova, 2020). Regional authorities often
lack resources to support local entrepreneurship
effectively, making ecosystem-based approach-
es (Zemtsov et al., 2021) difficult to implement,
especially amid outmigration of young entrepre-
neurs.

Socio-cultural barriers also limit innovation
commercialization. Auzan et al. (2019) identi-

5. Ty

ty these factors as key constraints. Potential solu-
tions include promoting the image of innovators
and reducing regulatory pressure through tar-
geted legal reforms. Rapid digitalization in Rus-
sia may further simplify administrative and so-
cio-cultural obstacles, enhancing the business en-
vironment and supporting entrepreneurship.

It should also be noted that, in Russia, the fed-
eral government owns 60% of universities, and
many of them are separated from industrial sec-
tors, which makes it difficult to establish indus-
trial contracts for applied research®. In this sense,
university-industry cooperation in the form of col-
laborative research, research contracts, or scientif-
ic consultancy should be strengthened to facilitate
knowledge spillovers and technological advance-
ment (Mascarenhas et al., 2018). This alliance can
be expanded by including the government.

In addition, securing quality personnel is also
a critical issue for Russia to enhance the efficiency
of R&D. Russia has long experienced brain drain,
with skilled workers leaving for better career op-
portunities and socio-economic stability (Kou-
znetsova, 1996; Wang et al., 2019). This outflow
began after the Soviet Union’s collapse and has in-
tensified under the current geopolitical situation
(Davies et al., 1994; Korobkov et al., 2022).

¢ RBC. (2021). Retrieved from: https://trends.rbc.
ru/trends/education/60c9b7839a794762950e8ead (date of ac-
cess: 29.12.2023).
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Addressing these structural challenges re-
quires proactive strategies to attract and retain
skilled labor. Derbeneva et al. (2024) highlight the
role of “creative reindustrialization” as a mecha-
nism for regional revitalization. Their analysis
shows that managing this transition depends on
factors such as targeted expansion of the creative
sector and effective use of regional proximity. By
combining this framework with our results, we
show that regions with declining traditional R&D
can maintain entrepreneurial growth by actively
supporting creative and knowledge-based indus-
tries, instead of depending only on legacy indus-
trial models.

Conclusions and Limitations

This study examines the impact of R&D on
entrepreneurial growth across 80 Russian regions
from 2015 to 2021. The analysis reveals a decline in
the number of firms in this period, which is likely
attributable to increased bankruptcies and strict-
er government policies against shell companies.
Concurrently, the R&D-to-GRP ratio and the size
of the R&D workforce decreased — a trend con-
sistent across regional disaggregations. Regres-
sion results, however, demonstrate a positive and
significant association between R&D and entre-
preneurial growth in both the current t and sub-
sequent ¢+1 years. The effect holds across all R&D
types but is most pronounced for fundamental re-
search, underscoring its role as a key driver of en-
trepreneurial development in Russia.

To strengthen R&D investment and promote
entrepreneurial growth, policy-makers must ad-

dress two interrelated challenges: establishing re-
gional funds to support high-tech entrepreneur-
ship and enhancing local technological universi-
ties to retain young talent and reduce brain drain.
Population aging, partly driven by rising life ex-
pectancy, could further increase investment ca-
pacity, as many highly skilled specialists from old-
er cohorts possess USSR-era education and expe-
rience. However, given strategic risks and ongoing
sanctions, federal authorities should prioritize
these measures, especially in critical technologies.

A limitation of this study is its reliance on
firm counts as a proxy for entrepreneurial growth,
which conflates firm entry and exit. Future re-
search should use more precise measures, such
as net firm creation, and examine sectoral het-
erogeneity, for example, the differential effects of
R&D in high-tech versus agricultural sectors, de-
pending on data availability. By combining en-
dogenous growth frameworks with detailed anal-
yses of R&D types and regional disparities, future
studies could provide insights on leveraging Rus-
sia's R&D legacy to drive entrepreneurial renewal,
a pressing need for the country’s innovation-driv-
en future.
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Figure A1. Number of companies by federal district and year in Russia
Source: authors’ calculations based on Rosstat data (Retrieved from: https://rosstat.cov.ru/regional statistics (date of access:
24.12.2023)).
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Figure A2. Ré&D costs to GRP (%) in Russia per federal district

Source: authors’ calculations based on Rosstat data (Retrieved from: https://rosstat.gov.ru/regional statistics (date of access:
24.12.2023)).
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Figure A3. Share of R&»D employees in the total population by federal district in Russia (%)
Source: authors’ calculations based on Rosstat data (Retrieved from: https://rosstat.gov.ru/regional statistics (date of access:
24.12.2023)).
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