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 The research objective is to obtain and ground the quantitative 
characteristics of the impact of science and business on the results 
of innovation activity of the Russian Federation subjects. Under 
such results the number of patents issued and new production 
technologies developed are considered. Hypotheses testing is con-
ducted enabling to establish the relationship between the innova-
tion activity of a region and the number of potential links between 
the organizations creating new knowledge and innovation active 
businesses. The totality of these relations is characterized as an 
innovation space of a region. The results obtained through econo-
metric modelling using the official data from the Rosstat and U. S. 
Census Bureau, Patent and Trademark Office, National Center for 
Education Statistics for the period 2009-2013 allow to justify some 
properties of estimates of the regional innovation space technical 
efficiency and the estimates of innovation activity results elasticity 
by the innovation space size for the subjects of the Russian Federa-
tion and the states of the USA. An emphasis is made on the role of 
public authorities in creating a favourable environment for innova-
tion activity enhancement for the Russian Federation subjects 
through facilitating new research organizations emergence and 
higher education institutions start-ups. 
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1. INTRODUCTION 

The current understanding of the innovation system functioning at the national and regional 
levels is related to the overall efforts of government, business and academia, aimed at creation, 
dissemination and use of new ideas, knowledge, technologies and products (Itskovits, 2010). In 
international practice, an important criterion of effectiveness of the innovation system is the 
R&D (Research and Development) performance. However, the process of emergence of an in-
novative idea and its further transformation into innovation has been little explored through 
computer simulation methods and, partly for that reason, we do not have convincing explana-
tions for the effectiveness or failure of a particular innovation system as a whole. The result of 
the innovation process is largely determined by the ability of regional innovation system sub-
jects to communicate and interact (Butler and Gibson, 2013;  Golinchenko and Balycheva, 

 
 

Montenegrin Journal of Economics 
 

Vol. 12, No. 2 (2016), 7-27 



 
Sergey Ayvazyan and Mikhail Afanasyev / Montenegrin Journal of Economics,  

Vol. 12, No. 2 (2016), 7-27 
 

 8 

2012; Ivanov et al., 2012;  Larina, 2012; Makoveyeva, 2012; Rumyantsev, 2013; Simachev, 
2012). Apart from the direct outcomes, created by such interaction, we might gain positive ex-
ternalities and synergistic effects (Polterovich, 2010). Obtaining quantitative characteristics of 
such relationships and interactions is one of the most difficult tasks in the analysis of innova-
tion processes. The key objective of this paper is to obtain and substantiate the quantitative 
characteristics of the influence of science and business on the results of innovation activity of 
the Russian Federation subjects. Under such results the number of patents issued and new  
production technologies are considered, viewed by K. Freeman as the primary outcome of the 
innovative development of the economy (Freeman, 1987). The research grounds the expedien-
cy of estimating the number of potential relationships between the subjects of the Russian re-
gional innovation systems, i.e. organizations, creating new knowledge and innovative ideas, and 
innovation active businesses using this knowledge to produce innovations. A hypothesis that 
these relationships is the core driver of production technologies and patents development has 
been tested. 

The paper consists of four sections. The first section presents the hypothesis testing, which 
confirms  the determining impact of a region’s scientific and production potential on its innova-
tion activity enhancement. The second section grounds the relationship between the results of 
innovation activity in the region and the number of potential links between knowledge creating 
organizations and innovation active enterprises. The totality of these relations is characterized 
further as innovation space of the region. The third section demonstrates that the parameters 
of the relationship between the number of patents issued and the size of the innovation space 
for the Russian Federation subjects are negligibly different from the ones present in the United 
States federal structure. The fourth, concluding section, describes the elasticity properties of 
the result of innovation activity in the region by the size of its innovation space and proves the 
possibility of estimating the region’s share in the innovation space used. The role of the state 
and regional governments in the development of innovation space to support sustainable inno-
vative performance is emphasized. 

 
 
 

2. THE IMPACT OF SCIENCE AND BUSINESS DEVELOPMENT ON INNOVTION  
     ACTIVITY IN REGIONS 

Hypothesis 1. The number of organizations, creating new knowledge, and the number of 
innovation active businesses are the factors determining the result of innovation activity of the 
Russian Federation subjects.  

 
Testing of the hypothesis is conducted using the methods of econometric modelling based 

on the official statistics data that characterize the potential of science and business at the re-
gional level. 

In (Makarov et al., 2014) the three-factor models of production potential of the Russian 
Federation regions have been constructed, defining the dependence of GRP on the main pro-
duction factors: labour, physical and intellectual capitals for the period of 2009-2013. As the 
characteristics of intellectual capital such indicators as "the number of personnel engaged in 
research and development" and "the number of higher education institutions" were considered. 
“The number of personnel engaged in research and development" as the intellectual capital 
indicator proved to be significant in the models based on the data of 2009 and 2010. In models 
constructed for 2011-2013 its impact on GRP is being lost, while the importance of “the num-
ber of higher education institutions” indicator increases. The research findings allow us to con-
sider the above indicators as characteristics of the scientific potential of regions in assessing 
the results of their innovation activity. 
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As an alternative to characterize the number of higher education institutions the indicator 
of the number of organizations engaged in R&D is applied. The latter to a greater extent takes 
into account the specific features of scientific research arrangement in the Russian Federation, 
since it includes the Russian Academy of Sciences institutes, project institutes and design bu-
reaus. The number of higher education institutions is a characteristic of intellectual capital in 
most developed countries, thus making it convenient for comparative analysis. However, the 
estimates obtained for the subjects of the Russian Federation on the basis of this indicator, 
currently can be classified as hypothetical, being valid under the condition that only universities 
are involved in innovation activities as organizations that create new knowledge, ignoring the 
participation of other research organizations. Hence, hereinafter the indicator of "the number of 
organizations engaged in R&D" will be employed as the fundamental characteristics of the sci-
entific potential of the Russian Federation subjects. As a conditional estimate, for comparison 
purposes, the indicator of “the number of higher education institutions” will be considered. 

In (Makarov et al., 2014) it is argued that the significant factor of efficiency in regions 
production potential models based on 2009-2013 statistical data is the number of innovation 
active businesses. Further, this indicator is used as the characteristics of business potential at 
the regional level. For the same purpose fixed assets value is considered.  

To test Hypothesis 1 the production functions that determine the dependence of the re-
sult of innovation activity in the region on the totality of the above characteristics of science and 
business for each year in the period 2009-2012 are constructed. Further, we explore power-law 
production functions1, in logarithmic form presented as 

iiiBiSiLiKi uvBSLKQ  lnlnlnlnln 0  .      (1) 

Here iQ  is the result of innovation activity in the region i  (two indicators are considered: 

ii patQ   - the number of patents issued in the region i , ii techQ  - the number of new 

production technologies developed in the region i  in a year t ); iK - the fixed assets value; 

iL - the number of personnel engaged in R&D; iS - the number of organizations creating new 

knowledge (two indicators are considered: ii heiS   - the number of higher education institu-

tions, ii rorS  - the number of organizations engaged in R&D); iB - the number of business-

es (two indicators are considered: ii busB  - the total number of businesses in a region, 

ii innB   - the number of innovation active businesses); BSLK  ,,,,0  - parameters. 

The random component ii uv  reflects the impact of uncertainty and efficiency factors on the 
process of innovation activity in the region. To simulate effects of uncertainty a normally distrib-

uted random variable iv with zero mathematical expectation ),0( 2
vi Nv  is used. For the 

simulation of the effects of efficiency factors a non-dependent on iv  non-negative random 

variable iu , having zero-truncated normal distribution with zero mathematical expectation 

),0( 2
ui Nu  is applied. This approach to the modelling of residues is consistent with the 

concept of stochastic frontier (Kumbhakar and Lovell, 2004) and allows to obtain the correct 
estimates of technical efficiency of production factors.  

                                                 
1 The rationale for this specification of the production function is given in (Aivazyan and Afanasyev, 2014) 
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Table 1. Given data for testing Hypothesis 1 
 

Notation Indicator Title  Time period Source 

ipat  the number of patents issued 2008-2013 (Inflow…, 2013 ) 

itech  
the number of new production tech-

nologies developed in a region 2008-2013 
(new technologies 
developed, 2013) 

iK  fixed assets cost 2009-2012 (fixed assets cost …, 2012) 

iL  
the number of personnel engaged in 

R&D 2009-2012 
(the number of 

personnel …, 2013) 

ihei  
the number of higher education 

institutions in a region 2008-2013 
(higher education institu-

tions, 2013) 

iror  
the number of organizations  en-

gaged in R&D 2008-2013 (organizations …, 2013) 

ibus  the number of businesses 2008-2013 
(the number of businesses 

in a region, 2013) 

iI  
the share of innovation active busi-
nesses in total number of enterpris-

es in a region 
2008-2013 

(organizations’ innovation 
activity..., 2013) 

 
 

In the adopted notations the number of innovation active businesses in the region is ex-

pressed by the value iii busIinn  . To test Hypothesis 1 production functions that deter-
mine the dependence of the number new production technologies developed (patents issued) 
on the set of science and business potential characteristics at the regional level are construct-
ed. The factor of results of innovation activity is estimated by the science or business character-
istic significant in production functions models constructed for the given period of time. The 

method of testing Hypothesis 1 0;0:1
0  BSH   is being reduced to the verification of sta-

tistical hypothesis. The Hypothesis 1 is accepted if the statistical hypothesis 1
0H  is not rejected 

for 90% of the total number of estimated models of the form (1), built for different characteris-

tics iQ  and iS for the period 2009-2012. If the hypothesis 1
0H  is rejected for more than 10% 

of the constructed models, the Hypothesis 1 is rejected. 
 
 
Table 2. Parameter estimates of model (1) for patents issued 
 

 2009 2009 2010 2010 2011 2011 2012 2012 
K .130 .139 .086 .127 .273 .313 .192 .148 
L .208 -.078 .137 -.112 .124 -.051 -.016 -.038 
Ror  .823***  .759***  .697***  .851*** 
inn .540*** .481*** .798*** .657*** .540*** .427*** .448*** .430*** 
hei .425**  .343*  .406**  .868***  
cons -2.151 -1.954 -3.279 -3.050 -3.829* -3.964* -2.201 -2.191 
log likeli -99.16 -97.64 -94.61 -92.85 -98.01 -96.76 -90.12 -96.84 
sigma v .442 .444 .447 .471 .441 .482 .508 .460 
sigma u 1.243 1.204 1.127 1.049 1.212 1.122 .930 1.160 

 
* 10% significance level; ** 5% significance level; *** 1% significance level  
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For each year within the period from 2009 to 2012 stochastic production functions (1) are 
constructed. Their parameters are estimated by maximum likelihood on the basis of information 
data on 80 subjects of the Russian Federation. The list of regions is presented in column 2 of 
Table A1 of the Annex. Overall, for this period 16 models (8 for the patents and 8 for production 
technologies) have been built. Parameter estimates of these models are presented in Tables 2 
and 3. The results obtained do not contradict the Hypothesis 1. In all models the characteristics 
of a region’s scientific potential – "the number of organizations engaged in R&D" (the alterna-
tive is "the number of higher education institutions") and business capacity – "the number of 
innovation active businesses" significantly influence both the number of patents granted (Table 
2) and the number of production technologies developed (Table 3).  

 
 

Table 3. Parameter estimates of model (1) for production technologies 
 

 2009 2009 2010 2010 2011 2011 2012 2012 
K .115 .019 -.086 -.146 -.041 -.094 .168 .071 
L .297 -.007 -.039 .091 .286 .158 .249 -.054 
ror  .813***  .363*  .623***  .452*** 
inn .236*** .150* .314*** .544*** .469*** .299** .538** .538*** 
hei .224***  .261*  .242*  .357**  
cons -4.261 -2.697 -4.062 -1.665 -2.736 -1.675 -2.031 -3.031 
log likeli -100.08 -96.16 -99.59 -98.62 -106.77 -104.85 -111.15 -113.57 
sigma v .845 .804 .751 .408 .482 .623 .299 .494 
sigma u .357 .211 .722 1.261 1.359 1.093 1.730 1.520 

  
 

The number of organizations creating new knowledge as a characteristic of the scientific 
potential in a region and the number of innovation active businesses as  a characteristic of  
business affect the result of innovation activity of the Russian Federation subjects. Through 
testing results for the period 2009-2012 the Hypothesis 1 is accepted. The characteristics of 
the scientific potential – the number of personnel engaged in R&D" and of business capacity – 
"the fixed assets value" are insignificant in all models. Model (1) can be transformed to the form 

iiiBiSi uvBSQ  lnlnln 0  .                                     (2) 
 
 

3. THE SIZE OF INNOVATION SPACE AS A FACTOR OF INNOVATION ACTIVITY   
     OUTCOME 
 

Hypothesis 2. The outcomes of innovation activity in the Russian Federation regions de-
pend on the size of innovation space, which is determined by the number of potential pairwise 
relationships between organizations, creating new knowledge, and innovation active business-
es.  

The results of this hypothesis validation allows to prove the possibility of using quantita-
tive estimates of potential pairwise relationships between organizations engaged in R&D (the 
alternative is higher education institutions) and businesses that use new knowledge for creating 
innovations, as a factor determining the results of innovation activity at the regional level. The 
totality of potential links between such organizations and businesses will be referred to as inno-
vation space, and their number as the size of innovation space. 
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Introduce the notations   11, BS , where  01  ,   can be both positive 
and negative. Then after the transformation of function (2) we get: 

iiiiii uvBBSQ   )*ln(ln 10 .                                 (3) 

Under the notations   11, SB , after the transformation we obtain: 

iiiiii uvSBSQ   )*ln(ln 10 .                                 (4) 
 

Testing of Hypothesis 2 is being reduced to the verification of statistical hypothesis 

0,0: 1
2
0  H  for each estimated model of the form (3) or (4). The Hypothesis 2 is ac-

cepted for the period in question, when a statistical hypothesis is not rejected for 90% of the 

total number of the estimated models. If the hypothesis 2
0H  is rejected for more than 10% of 

the models, the Hypothesis 2 is rejected for the period in question. 

Parameter estimates for the eight models of the forms (3) and (4) based on the data of 
80 regions of the Russian Federation within the period 2009-2012 for the patents issued are 

presented in Table 3. For all models the hypothesis 2
0H  is not rejected. Parameter estimates for 

the eight models of the forms (3) and (4) for production technologies are presented in Table 4. 

For 7 out of the 8 models the hypothesis 2
0H  is not rejected. For one of the models built on 

2009 data the hypothesis 2
0H  is rejected. Thus, the hypothesis 2

0H  is not rejected for 15 out of 
the 16 constructed models that allows for accepting the Hypothesis 2. 
 
 
Table 4. Parameter estimates of models (3) and (4) for the patents issued 
 
 2009 2009 2010 2010 2011 2011 2012 2012 
ror*inn  .532***  .559***  .788***  .692*** 
hei*inn .624***  .645***  .874***  .794***  
ror  .162  .172  -.268   
inn .127  .007  -.364  -.337 -.235 
cons -.252 -.740 -.880 -1.057 -.266 -1.006 -.163 -.019 
log likeli -102.21 -94.36 -82.60 -90.80 -91.57 -98.03 -93.04 -99.62 
sigma v .4250 .437 .378 .409 .471 .450 .539 .460 
sigma u 1.338 .746 .982 1.100 1.024 1.200 .944 1.229 
 
 
Table 5. Parameter estimates of models (3) and (4) for production technologies 
 

 2009 2009 2010 2010 2011 2011 2012 2012 
ror*inn  .813***  .492***  .795***  .239** 
hei*inn .496***  .283***  .346***  .432  
ror    .109     
inn -.173 -.658**    -.545  .375 
hei   .342  .379  -.070  
cons -2.266 -2.524* -1.975 -2.087 -1.83 -2.212* -1.453 -

2.657**
* 

log likely -105.01 -96.17 -108.63 -102.60 -112.06 -105.61 -121.97 -115.61 
sigma v .898 .804 .931 .807 .737 .653 .830 .484 
sigma u .027 .025 .217 .549 1.091 1.061 1.243 1.587 



 
Sergey Ayvazyan and Mikhail Afanasyev / Montenegrin Journal of Economics,  

Vol. 12, No. 2 (2016), 7-27 
  

 13

 
 

The production function of the form (2) can be transformed to the form (5): 

М1: iiii uvVcQ  lnln     ,                                                    (5) 

where iii BSV * - is the number of potential pairwise relationships between organizations 
engaged in R&D (the alternative is higher education institutions) and innovation active busi-

nesses. Further value iV  will be called the size of innovation space in the region. Thus, model 
(5) describes the dependence of the result of innovation activity in the region on the size of in-
novation space. Thereafter, as one of the characteristics of the innovation system of the Rus-
sian Federation at the regional level, the   parameter estimate is considered, characterizing 
the elasticity of innovation activity in the region by the size of innovation space. 
 
 

Figure 1a. Statistical characteristics                      Figure 1b. Statistical characteristics                            
 

 
 
           Vi = hei i * inni  , logarithmic scale                                Vi = ror i * inni , logarithmic scale     

 
 
Figure 1a shows the dynamics of statistical characteristics of the size of innovation space 

iii innheiV *  for 80 regions of the Russian Federation, being estimated by the number 
of higher education institutions and innovation active businesses in logarithmic form for each 
year of the period from 2008 to 2013. Figure 1b presents the statistical characteristics of inno-

vation space size iii innrorV * , estimated by the number of organizations engaged in 
R&D and innovation active businesses. The mean values demonstrate their stability over time 
for each evaluation method. The maximum values corresponding to the region of Moscow are 
also stable for the given period of time. It should be noted that the size of innovation space, 
calculated by the number of higher education institutions indicator, is significantly below the 
level estimated on the basis of more relevant to the research objectives indicator of the number 
of organizations engaged in R&D. Accordingly, the use of characteristics 

ii innheiV * when evaluating the impact of science and business on the results of inno-
vation activity of the Russian Federation subjects may lead to inflated estimates of the technical 
efficiency of innovation space. Table 6 presents the parameter estimates of the six models of 
the form (5) for the patents issued with the size of innovation space estimated by the number of 
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organizations engaged in R&D and innovation active businesses for each year of the period 
from 2008 to 2013. 
Table 6. Parameter estimates of models (5) with  iii innrorV *  for the patents issued 

 2008 2009 2010 2011 2012 2013 

  0.615*** 0.586*** 0.618*** 0.630*** 0.581*** 0.571*** 

C -1.105*** -0.805*** -1.151*** -1.374*** -0.699*** -0.591*** 

log likely -102.598 -94.715 -91.131 -98.484 -99.941 -98.281 

sigma v 0.569 0.428 0.398 0.448 0.499 0.484 

sigma u 1.134 0.762 1.122 1.213 1.179 1.162 

W 0.165 0.253 0.155 0.112 0.301 0.355 
 

 
Table 7 provides parameter estimates of the 6 models of the form (5) for the patents issued 

with the size of innovation space, estimated by the number of higher education institutions and 
innovation active businesses for each year between 2008 and 2013. 

 
 

Table 7. Parameter estimates of models (5) с iii innheiV * for the patents issues 
 

 2008 2009 2010 2011 2012 2013 

  0.626*** 0.620*** 0.649*** 0.661*** 0.623*** 0.599*** 

C -0.535*** -0.344*** -0.853*** -0.994*** -0.581*** -0.275*** 

log likely -96.202 -91.601 -82.606 -92.729 -94.105 -92.921 

sigma v 0.520 0.400 0.378 0.453 0.550 0.500 

sigma u 1.053 1.133 0.982 1.078 0.950 1.011 
 
 

Table 8 offers the parameter estimates of five models of the form (5) for new production 
technologies with the size of innovation space, estimated by the number of organizations en-
gaged in R&D and innovation active enterprises for each year of the period 2008-2012. 
  
 
Table 8. Parameter estimates of models (5) с iii innrorV * for production technologies 
 

 2008 2009 2010 2011 2012 

  0.513*** 0.587*** 0.565*** 0.655*** 0.572*** 

c -2.859*** -4.139*** -3.684*** -4.558*** -3.156*** 

log likely -126.410 -135.704 -138.374 -136.169 -141.695 

sigma v 1.39E-07 0.3682 0.330 0.362 0.377 

sigma u 2.349 2.330 2.454 2.350 2.532 
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Table 9 demonstrates parameter estimates of five models of the form (5) for the production 
technologies with the innovation space size, estimated by the number of higher education insti-
tutions and innovation active businesses for each year of the period 2008-2012. 
 

 

Table 9. Parameters estimates of models (5) с iii innheiV *  for production technologies 

 2008 2009 2010 2011 2012 

  0.494*** 0.568*** 0.544*** 0.585*** 0.519*** 

C -2.194*** -3.237*** -2.778*** -2.965*** -1.913*** 

Log likely -136.319 -143.577 -146.084 -145.531 -149.159 

sigma v 0.471 0.587 0.545 0.583 0.597 

sigma u 2.252 2.374 2.515 2.456 2.586 
 

 
Parameter estimates are significant in all 22 models of the form (5). The size of innovation 

space can be considered as a factor of the patents issued and production technologies at the 
regional level. 
 
 
4. COMPARATIVE ANALYSIS OF INNOVATION SPACE IMPACT ON THE  
    NUMBER OF PATENTS ISSUED TO THE SUBJECTS OF THE RUSSIAN  
    FEDERATION AND THE USA 

Hypothesis 3: The parameters of the function (5) describing the dependence of the num-
ber of patents issued on the size of innovation space of the Russian Federation subjects, esti-
mated by the number of organizations engaged in R&D and innovation active businesses do 
not differ significantly from the parameters of the function (5) representing the dependence of 
the number of patents issued on the size of innovation space across the US states, estimated 
by the number of higher education institutions and high-tech companies.  

 
While testing Hypothesis 3 for the subjects of the Russian Federation, the data presented in 

Table 1 were used, for the US states - the data described in Table 10, respectively. 
 
 
Table 10. Given data for testing Hypothesis 3 by US states 
 

Notation Indicator Title  Time period Source 

ipat  
the number of patents  

issued 2006-2013 (Number of Patents, 2014) 

ihei  the number of higher educa-
tion institutions in a region 2006-2010 (Number of institutions, 2010) 

 

icom  
total number of companies 2006-2012 (All business establishments, 2014) 

ihtcom  the number of high-tech 
companies 2006-2010 (High-technology establishments, 2014) 
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Table 11 provides the parameters estimates for five models of form (5) for the patents is-
sued with the size of innovation space, estimated for the US states as 

iii htcomheiV * for each year in the period 2006-2010. 
 

 

Table 11. Parameter estimates of models (5) с iii htcomheiV * for the patents issued 

 2006 2007 2008 2009 2010 
  0.663*** 0.662*** 0.679*** 0.668*** 0.679*** 
c -1.939*** -2.027*** -2.293*** -2.108 -2.011*** 

log likely -53.607 -53.859 -54.120 -53.463 -52.528 
sigma_v 0.692 0.695 0.699 0.690 0.677 
sigma_u 0.008 0.010 0.009 0.015 0.014 

w 0.053 0.046 0.034 0.042 0.051 
 
 

Fig. 2 (series 1) shows the dynamics of estimates of the elasticity of the number of patents 
issued by the size of innovation space across the US states, calculated with consideration of the 
number of higher education institutions and high-tech companies according to 2006-2010 data 
(see the   parameter estimates in Table 11). Series 2 in Fig. 2 reflects the dynamics of the 
elasticity values by the size of innovation space of the Russian Federation subjects, calculated 
subject to the number of organizations engaged in R&D and innovation active businesses (see 
the  parameter estimates in Table 6). The difference in values of the elasticity coefficient es-
timates for the subjects of the Russian Federation and of US states for the period 2008-2010 
does not exceed 0.08.  

 
 

Figure 2. Estimates of the elasticity of the number of patents issued by the size of innovation 
space for the US states (Series 1) and the Russian Federation subjects (Series 2). 
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Figure 3a demonstrates the dependence of the number of patents issued on the size of in-
novation space, in logarithmic scale, for the Russian Federation subjects based on 2010 data; 
Figure 3b - for the US states and Figure 3c – for the totality of the Russian Federation subjects 
and the states of the USA. 
 
Figure 3a. Subjects of the Russian Federation                        Figure 3b. USA states               
                                                                                             

  
Figure 3a. Subjects of the RF, 

iii innrorV *  

Figure 3b. USA states, 

iii htcomheiV *  

 
 
Figure 3c. Regions of the Russian Federation and the US states     
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Figure 3c. Regions of the RF and the US states 

 
 

To test Hypothesis 3 models have been built in the form 
 

М2: iiiididi uvVdvdccQ  ln)(ln  ,                                                    (6) 
 

where 0 ii dvd , if the index i  refers to the subject of the Russian Federation and 

1 ii dvd , if the index i refers to a US state. For the subjects of the Russian Federation the 
innovation space size is calculated on the basis of the number of organizations engaged in R&D 
and the number of innovation active businesses iii innrorV * . For the US states – with 
respect to the number of higher education institutions and high-tech companies 

iii htcomheiV * . 
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Test of Hypothesis 3 is reduced to verification of the statistical hypothesis 

0:3
0  ddcH   for models of the form (6) constructed for 2008-2010. The Hypothesis 3 is 

accepted if the statistical hypothesis 3
0H  is not rejected for each of the three models.  

Estimation of parameters of model M2 by maximum likelihood is performed for each year of 
the period 2008-2010 within the data on 131 regions: 80 subjects of the Russian Federation 
and 51 state of the USA. Parameter estimates of model M2 given in Table 12 under the control 

variables id  and idv  proved insignificant. The hypothesis 3
0H  is not rejected for each of the 

three models. Hypothesis 3 is accepted. Thus, to describe the dependence of the number of 
patents issued on the size of innovation space across the subjects of the Russian Federation 
and the US states a generic model of the form M1can be constructed. Parameter estimates of 
this model for 2008-2010 period are given in Table 12. 
 
 
Table 12. Parameter estimates of models M1 and M2 for the totality of 131 regions. 
   

 2008 2008 2009 2009 2010 2010 
 M2 М1 M2 М1 M2 М1 
V .623*** .669*** .616*** .663*** .637*** .723*** 
dv .027  -.002  -.0001  
d .113  .460  .743  
cons -1.318*** -1.689*** -.995** -1.426*** -1.467* -2.335*** 
log likeli -159.90 -163.82 -155.68 -159.08 -146.33 -156.96 
sigma v .601 .648 .453 .530 .482 .656 
sigma u .948 .915 1.133 1.064 .958 .771 

  
 

Control variables are not significant in each of the three models (M2). To compare the 
technical efficiency of the subjects of the Russian Federation and the US states, models of the 
form M1, built for the totality of 131 regions, can be used. 
 
 
5. SOME ESTIMATES PROPERTIES OF INNOVATION ACTIVITY RESULTS  
     ELASTICITY BY THE SIZE AND THE EFFICIENCY OF REGIONAL  
     INNOVATION SPACE 

Property 1. A method of estimating the size of innovation space (based on the number of 
higher education institutions or the number of organizations engaged in R&D for the subjects of 
the Russian Federation; for the states of the US – considering the number of high-tech compa-
nies in the total number of firms) has no significant effect on the estimates of the elasticity of 
innovation activity results by the size of innovation space and their dynamics.  

 
Figure 4 provides the estimates of the elasticity of the number of patents issued by the in-

novation space size iii innheiV * calculated for the period 2008-2013 based on the 
number of higher education institutions (series 1) and the size of innovation space 

iii innrorV * , given the number of organizations engaged in R&D (series 2). The max-
imum difference in elasticity coefficients obtained under model (5) for the two methods of esti-
mating the size of innovation space does not exceed 0.05. The correlation coefficient of 0.906 
indicates the dependence of the estimates of elasticity for different methods of estimating the 
size of innovation space. The choice of method for estimating the size of innovation space 
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(based on the number of higher education institutions or organizations engaged in R&D) has no 
significant effect on the dynamics of the elasticity coefficients of the number of patents issued. 

 
 

Fig.ure 4. Elasticity estimates on the number of patents issued by the size of innovation space 
for the subjects of the Russian Federation under model (5) for the period 2008-2013: series 1   

iii innheiV * (data from Table 7), Series 2 -  for iii innrorV * (data from Table 6) 
 

 
 

  series 1      series 2 
 
 
Figure 5 shows the estimates of the elasticity of the number of production technologies de-

veloped within the size of innovation space iii innrorV * calculated for the period 
2008-2012 taking into account the number of organizations engaged in R&D (series 1) and the 

size of innovation space iii innheiV * , calculated with regard to the number of higher 
education institutions (series 2). The maximum difference between the elasticity coefficients for 
each year does not exceed 0.07. A high correlation coefficient of 0.903 indicates the strength of 
relationship between these estimates. The choice of estimation method to measure the size of 
innovation space has no significant effect on the dynamics of the elasticity coefficients of the 
number of production technologies. 
 
 
Figure 5. The estimates of elasticity of production technologies developed within the size of the 
Russian Federation subjects innovation space according to model (5) for the period 2008-

2012: series 1 for iii innrorV * (data from Table 8), series 2 - for 

iii innheiV *  (data from Table 9) 
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series 1    series 2 

 
 

Table 13 provides the parameter estimates of model (5) for patents issued according to the 
data on 51 states of the USA. For comparison with the results presented in Table 14, the size of 

innovation space is calculated as iii comheiV * taking into account both the number 
of high-tech companies and the total number of businesses. 
 
 

Table 13. Parameter estimates of model (5) with iii comheiV * for patents issued.  
 
 2006 2007 2008 2009 2010 2011 2012

δ 0.669*** 0.669*** 0.685*** 0.672*** 0.683*** 0.684*** 0.672***

c -3.729*** -3.812*** -4.102*** -3.850*** -3.773*** -3.739*** -3.505***

log likely -56.801 -56.858 -57.342 -56.383 -55.593 -57.071 -54.150

sigma v 0.736 0.737 0.744 0.730 0.719 0.740 0.699

sigma u 0.011 0.016 0.011 0.010 0.013 0.011 0.018

w 0.0038 0.0033 0.0025 0.0032 0.0039 0.0042 0.0054
 
 

Figure 6 displays the estimates of elasticity of the number of patents issued within the size 

of innovation space iii comheiV * calculated for the period 2006-2012 subject to the 
total number of businesses in US states (series 1) and the size of innovation space 

iii htcomheiV * with regard to the number of high-tech companies for the period 
2006-2010 (series 2). The maximum difference between the elasticity coefficients for each year 
of the 2006-2010 period does not exceed 0.01. The correlation coefficient of 0.991 indicates 
that the choice of estimation method for measuring the size of innovation space has no signifi-
cant effect on the dynamics of the elasticity coefficients for patents issued. 
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Figure 6. The estimates of elasticity of the number of patents issued within the size of the US 
states according to model (5) for the period 2008-2012: series 1 for 

iii comheiV * (data from Table 13), series 2 -  for iii htcomheiV * (data from 
Table 11) 
 

 
series 1   series 2 

 
 
Thus, the elasticity estimates demonstrate weak dependence on the method of innovation 

space evaluation. Their dynamics is consistent with different estimation methods. It should be 
noted that the method of evaluating the innovation space affects the constant of the model, 
which scales the x-axis. 

 
Property 2. For most regions of the Russian Federation the technical efficiency in the use of 

innovation space estimated by the number of organizations engaged in R&D and innovation 
active businesses is close to technical efficiency in the use of innovation space of the US 
states, estimated by the number of higher education institutions and high- tech companies. 

The estimated parameters 
22 , uv   enable to estimate mathematical expectation 
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(Battese, Coelli, 1988), where 

22 /)(~  uiiit uv  , 
2222

* / vu ,  222
vu   .  

According to the stochastic frontier concept (Kumbhakar, Lovell, 2004), the value iTE  
characterizes the technical efficiency of innovation space use in the region. Technical efficiency 
estimates iTE  are relative characteristics of regional efficiency. Their values can vary from year 
to year. However, the regions ranks determined by the technical efficiency estimates, are the 
sustainable characteristics of their innovation activity. Table 14 provides the values of 
Spearman's rank correlation coefficients of efficiency estimates obtained by model M1 (see 
Table 15) for 2008, 2009 and 2010 for the totality of 131 subjects of the Russian Federation 
and the US states that demonstrate their high dependence over time. 
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Table 14. Spearman's rank correlation coefficients of efficiency estimates iTE  by model М1  

 _2008 2009     2010     
2008 1.000    
2009 0.933    1.000   
2010 0.897    0.933     1.000  

 

In (Aivazyan, Afanasyev, 2015) it has been argued that the value 
/cew  assumes being 

interpreted as the expected share of the size of innovation space used by the region, effectively 
creating2 discrete results of innovation activity. As an estimate iw~ of the share of innovation 
space used by the region when creating the innovations of a specific type the value 

 /1)( iTEw   can be taken. Then the value iii VwV ~~  , calculated for the relevant year, can be 
considered as an estimate of the innovation space size used by the region to generate a specif-
ic outcome of innovation activity. Dynamics of regions’ innovation activity results is determined 
by the dynamics parameter w . The growth of parameter w  is associated with an increase in 
the expected number of results generated by the innovation efficient regions.  

The estimates of the value w of patents issued to the subjects of the Russian Federation 
are provided in the last row of Table 6. In the last row of table 11 these estimates are presented 
for the US states. The estimates vary by an order of magnitude due to differences in the size of 
innovation space used by the subjects of the Russian Federation and the US states. For the 
same reason the values w vary by the same order of magnitude in tables 11 and 13 for the US 
states obtained with the different methods of evaluating the innovation space.  

The dynamics w is determined by the ratio of the parameters c  and  : since 0c  and 

0 , and with increase of  the value w grows, too; an increase in c drives the growth of 
w . 

The simultaneous increase of these two parameters indicates an increase in the share of 
effectively used innovation space and the overall innovation activity growth. With a multi-

directional change of  c  and  , the dynamics w  is determined by the dynamics of the rela-

tionship /c . An important advantage of using the of stochastic frontier concept under model 

(5) parameters c  and  estimation is their stability in relation to the characteristics of innova-
tion passive regions.  

The value of the parameter c  of the model (5) depends on the method of evaluating the 
size of innovation space and may be considered as a scaling option with regard to the size of 
innovation space. An estimate iw~  of innovation space share used by a region is relative, as it 

depends on parameter c  and technical efficiency estimate iTE  which is also a relative charac-

teristic of a region. However, the dynamics of estimates iw~  reflects a change in both innovation 

activity and the size of innovation space. The estimates iw~ of the innovation space share used 
by regions of the Russian Federation under the creation of new production technologies for the 
period 2009-2013 and the analysis of the factors affecting their dynamics are presented in the 
research paper by Aivazian, Afanasiev (2015).  

The verification of Hypothesis 3 testing evidences that the dependence of the innovation 
activity results on the size of the innovation space for the subjects of the Russian Federation 

                                                 
2 Estimate iTE for a region, whose technical efficiency in the use of innovation space equals one 
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and the US states is described by a generic model M1 (see Table 12). In Fig. 7a across the x-
axis to the vertical line 80 subjects of the Russian Federation are distributed according to the 
classification adopted by the Rosstat (see, for example, Razrabotannyye..., 2013). After the 
vertical lines 51 states of the USA in alphabetical order are displayed (see, for example, Number 
of Patents..., 2014). The axis of ordinates on a logarithmic scale shows the values of the inno-
vation space size in these regions. Among the 6 regions with the largest size of the innovation 
space from the total number of subjects of the Russian Federation and states of the USA by the 
2010 data are the two subjects of the Russian Federation, i.e. Moscow and Saint Petersburg. At 
that, the innovation space size of Moscow exceeds the size of the innovation space of any of the 
US state. In Fig. 7b across the x-axis the subjects of the Russian Federation (before the vertical 
line) and the US states (after the vertical line) are arrayed in the same way as in Fig. 7a. Y-axis 
for each region displays the number of patents issued using a logarithmic scale. The maximum 
number of patents issued is in the state of California. The second biggest region in the number 
of patents issued is Moscow. Among the 15 regions the next highest in the number of patents 
issued is Saint Petersburg. 

 
 

Figure 7a. The size of innovation space                    Figure 7b. The number of patents issued 
     on a logarithmic scale                                                     on a logarithmic scale 
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Figure 7c. The estimates of technical efficiency  
    of innovation space on a logarithmic scale 
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The size of the innovation space of the US states on the average significantly exceeds the 

one of the RF subjects (Fig. 7a). The number of patents issued in the United States significantly 
exceeds the number of patents granted to the RF subjects (Fig. 7b). However, the estimates of 
technical efficiency in the use of innovation space by the majority of the Russian Federation 
subjects are comparable to respective estimates of the US states. In Fig. 7b across the x-axis 
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the subjects of the Russian Federation (before the vertical line) and the US states (after the 
vertical line) are arrayed in the same way as in Fig. 7a. Y-axis for each region displays the tech-
nical efficiency estimate iTE . Among the 13 most efficient regions there are 3 subjects of the 
Russian Federation (Ivanovo, Kursk and Ulyanovsk oblasts) and 10 US states (Idaho, Vermont, 
Washington, Connecticut, Rhode Island, Oregon, Delaware, New Hampshire, New Jersey and 
Massachusetts). Among the 25 most efficient regions there are 12 regions of Russia and 13 
states of the USA. For the majority of subjects of the Russian Federation the results of INNOVA-
TION ACTIVITY to the same degree correlate to the innovation space size as for the US states.  

If under evaluation of the parameters of model (5) for the totality of 131 regions we use the 

underestimation of the size of innovation space iii innheiV * of Russian Federation 
subjects, among the 13 most efficient regions are the 7 subjects of the Russian Federation 
(Ivanovo, Kursk, Ulyanovsk, Penza, Kaluga, Saratov and Tomsk oblasts) and 6 US states (Idaho, 
Vermont, Washington, Connecticut, Rhode Island and Oregon). However, when comparing the 
technical efficiency estimates we should take into account that patent regulations of the Rus-
sian Federation and the United States are different. Moreover, patenting activity in the US exhib-
its a wider range of participants, apart from high-tech companies. Therefore, the estimates of 
the size of innovation space of the US states are too low, and the estimates of innovation space 
technical efficiency are inflated, respectively. Yet, these estimates were obtained using the offi-
cial statistics information, and thus can serve as a basis for identifying the factors of innovation 
space technical efficiency.  

 
Property 3. The elasticity of innovation activity result by the size of innovation space reflects 

the possibility of enhancement of innovation system at the regional and national levels through 
extensive development of business, education and science.  

 

Under the elasticity   the change in the number of innovation active businesses in a re-

gion i  at %ig  and in the number of organizations engaged in R&D (higher education institu-

tions) at %iq  drives a )%( ii qg   variance in the innovation activity result. For such innova-
tion activity outcomes as the number of patents issued and the number of new production 
technologies the elasticity estimates exceed 0.5 and range from 0.5 to 0.65. Therefore, the 
increase in the number of research organizations in a region by 1% and the number of innova-
tion active businesses by 1% should be accompanied by the regional innovation activity growth 
by more than 1%. 
 
 
6. CONCLUSIONS 

The number of organizations creating new knowledge, as a characteristic of the region’s re-
search potential and the number of innovation active enterprises as a characteristic of business 
success affect the overall result of innovation activity of the Russian Federation subjects, i.e. 
the number of production technologies developed and the number of patents issued.  

The results of innovation activity in the regions of the Russian Federation depend on the 
size of the innovation space, which is determined by the number of potential pairwise relation-
ships between organizations, creating new knowledge, and innovation active businesses.  

The parameters of the function describing the dependence of the number of patents issued 
on the size of innovation space used by the Russian Federation subjects, estimated by the 
number of organizations engaged in R&D and innovation active businesses do not differ signifi-
cantly from the parameters of the function governing the relationships between the number of 
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patents issued and the size of innovation space of the US states, measured by the number of 
higher education institutions and high-tech companies.  

For the majority of the Russian Federation subjects the results of innovation activity to the 
same extent correlate to the size of innovation space as of for the US states. For such subjects 
of the Russian Federation the estimates of innovation space technical efficiency are close to 
the respective technical efficiency estimates of the US states.  

A method of estimating the size of the innovation space for the subjects of the Russian 
Federation (subject to the number of higher education institutions, or the number of organiza-
tions engaged in R&D) and for the US states (with regard to the number of high-tech companies, 
or the total number of firms) has no significant effect on the estimates of the elasticity of inno-
vation activity results by the size of innovation space and their dynamics.  

The elasticity of innovation activity result by the size of innovation space reflects the possi-
bility of enhancement of innovation system at the regional level through extensive development 
of business, education and science.  

The current reform of the education system of the Russian Federation is aimed at consoli-
dation of higher education institutions and is carried out through universities mergers. The re-
form of the Russian Academy of Sciences also suggests incorporation or alliance of academic 
institutions. In conditions of economic crisis it is hardly likely this reduction would be offset by 
an increase in the number of innovation active businesses. Therefore, one can expect a reduc-
tion in the size of innovation space at the regional level and, as a consequence, a decline in 
innovation activity results.  

The limitation of this research is that the above models do not account for specific features 
and the intensity of interaction between individual research organizations and businesses. Un-
der the innovation space reduction the results of innovation activity can still show a growth 
trend by enhancing the intensity of interaction between particular actors. However, such variant 
of innovation system development can be defined as optimistic. Given the above research find-
ings a more realistic option is the one when the reduction in innovation space would apparently 
affect the decline in innovation activity of the Russian Federation subjects.  

Implementation of the strategy of  development against the background of reduction of the 
innovation space might challenge targeted investments that exceed the cost of maintenance of 
the achieved size of innovation space if the current number of research organizations and high-
er education institutions is retained. Based on the results obtained it can be concluded that the 
increase in innovation activity of the Russian Federation subjects assumes that state and re-
gional governments would create the environment facilitating the expansion of regional innova-
tion space  through new research organizations and higher education institutions start-ups, 
increase of overall innovation activity of businesses. 
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