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In the fourth industrial revolution1, human capital, as a stock of produced knowledge, is 

becoming a key factor in sustainable economic growth, human-centered technologies are a major 

direction in leading management practices, and the digital divide and is becoming a new factor of 

economic and social inequality in Russia. In 2020,  less than 10% of manufacturing enterprises planned 

to introduce digital technologies2, and 60% are in finance, transport, energy and healthcare3, 69 

constituent entities of the Russian Federation account for a fifth of all patent claims for inventions in 

digital technologies4. The production function of knowledge appears to be an adequate approach for 

modeling connections in the digital economy5. An important consequence of the relationship between 

the diffusion of technology as a product of knowledge and sustainable growth is the convergence of its 

rates6. Endogenous growth theory and empirical evidence recognize that space is critical to knowledge 

diffusion and innovation7. Therefore, research questions are of interest: Is there a long-term 

convergence of knowledge production in the regions? What is the impact of human capital and 

digitalization on knowledge production, taking into account their interregional interaction? Research 

hypothesis: the impact of human capital and digitalization on knowledge production is not the same, 

both directly (within regions) and indirectly (in neighboring regions). 

Model. The production function of knowledge8 has been modified with temporal and spatial lags. 

Dependent variable are the average growth rate of issued patents for inventions and utility models per 

10 thousand population. Independent variables are the number of research and development personnel 

per 10 thousand population; internal costs of R&D per capita, thousand rubles; use of the Internet in 
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organizations, %; expenditures for the introduction and use of digital technologies per capita, thousand 

rubles; expenditures for technological innovation per capita, thousand rubles (as a proxy of technology 

development); fertility rate, % (as a proxy of the social environment).  

In the R software environment, the Moran and Geary indices were estimated and models of 

conditional β-convergence were built on panel data by the SAR, SDM, SEM types9: 

T

TT

ti

it

it

ij

K

k

kitkiti

it

it

y

y
WXy

y

y

T 

  


 0

0

0

0

0

0

,

1

2 lnlnlnln
1



 

T

TT

ti

it

it

ij

K

k

kitijk

K

k

kitkiti

it

it

y

y
WXWXy

y

y

T 

  






 0

0

0

0

0

0

,

1

2

1

2 lnlnlnlnln
1



 

TtiTti

K

k

kitkiti

it

Tit
WuXy

y

y

T







  000

0

0

,,

1

2lnlnln
1



 
where i = 1, ... 79 is the number of the region, [t0 + T] is the convergence period from 2014 to 2019, yi,t0 

is the number of issued patents in 2014, β is the convergence parameter, γk - estimated parameters for  

independent variables; Wij is inverse distance weighting, ρ, λ is a spatial coefficients, εi,t0+T is a random 

error with a normal distribution.  

Results. Moran's charts from 2012 to 2019 showed the concentration of most regions in the LL 

quadrant. The Moran and Geary Global Indices found that strong regions contribute to the growth of 

human capital and the production of knowledge from their neighbors. As technological innovation is 

concentrated in strong regions with a high concentration of factors of production10, this could predict a 

technological breakthrough thanks to the leading regions.  

 

Fig. 1. Cartogram of the number of personnel engaged in R&D per 10,000 population in 2019. 
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Fig. 2. Cartogram of the number of issued patents for inventions and utility models per 10,000 

population in 2019. 

The found β-convergence indicates an increase in knowledge production in weak regions. As 

expected, the positive impact of human capital, internal costs of R&D per capita, expenditures for 

technological innovation per capita was confirmed. Positive significant spatial coefficients (p) and (λ) 

affirm the assumption of regional cooperation and the impact of shocks from neighboring regions on the 

growth of knowledge production in this region. Spatial interactions of the number of personnel engaged 

in R&D and the internal costs of R&D with the dependent variable were found. 

Direct effects (effects within the region) affirmed the positive impact of human capital, internal 

costs of R&D and the cost of technological innovation on the knowledge production in the region. 

Significant indirect effects, i.e. the impacts of neighbors indicate the positive effect of internal costs of 

R&D. Significant direct and indirect effects of digitalization have not been identified. Perhaps this is 

due to the fact that the share of the ICT sector in Russia’s gross value added is less than 3% 11, a quarter 

of the adult population do not have digital skills, about 40% of our fellow citizens have only basic digital 

skills12. Overall, it's too early to talk about digital abundance 13. 

Conclusions. The discovered β-convergence of the average growth rates of knowledge 

production and their spatial dependence under conditions when many regions have little human capital 

and patenting, can confirm the diffusion of technologies through their copying from the leading regions, 

which is cheaper than the invention of new ones. Regions that are technology followers attract external 

investment, gradually catch up with technology leaders and promote the convergence of knowledge 
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production growth. However, the assumption about the significant impact of digitalization on the 

production of knowledge in the regions was not confirmed.  

Research novelty. The novelty of the study lies in measuring the convergence of the average 

growth rates of knowledge production in the regions, taking into account spatial interactions. The results 

can be used by authorities and other institutions in managing the transformation of economic and social 

sectors through the introduction of digital technologies and platform solutions, in providing training in 

accordance with the goals of the National Project "Digital Economy". 

 

 


