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ABSTRACT
The article discusses the resource potential of Russian federal districts in-
volved in processes of modernization. The theoretical framework draws from 
Russian and international studies of economic potential, stability and efficien-
cy in regional development and regional imbalances. Methodologically, the 
research relies on a series of relative indicators of innovation, which can be 
used to measure federal districts’ modernization potential by applying meth-
ods of mathematical statistics. The proposed set of criteria allows us to take 
into consideration both the current situation and the dynamics of innovation 
development in Russian regions. The selected indicators characterize the re-
turns from innovation investment in socio-economic systems, the degree of 
regional differentiation within districts and trends of regional development 
regarding the efficiency of innovation processes. The proposed approach can 
be used to measure the efficiency of human capital use. To test the above-de-
scribed methodology, we decided to focus on the Central Federal District, 
which has a significant resource potential necessary to meet the demands of 
intensive modernization. Statistical comparison of the actual and limit values 
has revealed significant underused resources in this district. These resources 
can be accessed by stimulating the lagging regions. The described methods 
and results of this study can be used by research organizations, higher edu-
cation institutions, regional authorities and policy-makers in the process of 
preparation, adjustment and monitoring of strategic programs of socio-eco-
nomic development. 
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АННОТАЦИЯ
В статье рассматривается ресурсный потенциал федеральных округов 
России, вовлеченных в процессы модернизации. Теоретическая осно-
ва статьи построена на российских и международных исследованиях 
экономического потенциала, региональных дисбалансов, стабильности 
и эффективности регионального. Методологически исследование опи-
рается на ряд относительных показателей инноваций, которые можно 
использовать для измерения модернизационного потенциала федераль-
ных округов путем применения методов математической статистики. 
Предложенный набор критериев позволяет учитывать как текущую си-
туацию, так и динамику инновационного развития в российских реги-
онах. Выбранные показатели характеризуют отдачу от инновационных 
инвестиций в социально-экономические системы, степень региональ-
ной дифференциации по районам и тенденции регионального развития 
в отношении эффективности инновационных процессов. Предложен-
ный подход может быть использован для измерения эффективности 
использования человеческого капитала. Чтобы проверить вышеопи-
санную методологию, мы решили сосредоточиться на Центральном фе-
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деральном округе, который обладает значительным ресурсным потен-
циалом, необходимым для удовлетворения потребностей интенсивной 
модернизации. Статистическое сравнение фактических и предельных 
значений выявило значительные недоиспользованные ресурсы в этом 
районе. К этим ресурсам можно получить доступ, стимулируя отстаю-
щие области. Описанные методы и результаты данного исследования 
могут быть использованы исследовательскими организациями, высши-
ми учебными заведениями, региональными органами власти и полити-
ками в процессе подготовки, корректировки и мониторинга стратегиче-
ских программ социально-экономического развития.
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Introduction
Processes of resource formation and use in 

Russian federal districts are the main focus of a 
number of state programs aimed at stimulating 
modernization in federal districts and adapted 
for specific socio-economic, geographical, infra-
structural, scientific and technological conditions 
in these districts. The programs are targeted at 
maximizing the economic potential of territories, 
which makes it pertinent to devise and improve 
methods of estimating this potential. Straightfor-
ward estimation is impossible in this case and it is 
necessary to minimize the statistical parameters 
characterizing only certain parts of general de-
velopment trends. It is also important to take into 
account the long time lag to ensure that the results 
of monitoring could present an objective picture 
of regional innovation trends. Furthermore, it is 
crucial to analyze the information about the ex-
isting regional imbalances, their causes and mea-
sures taken to deal with them. It should be noted 
that analysis results can be reliable only if the re-
search uses official statistical data, coherent and 
consistent methodology and quantified measures. 

Theoretical framework
The development of conceptual approach-

es to fostering regional innovation, according to 
E. B. Lenchuk, at its initial stage, requires creation 
of a full ‘inventory valuation’ of the region’s eco-
nomic and industrial potential [1, p. 16].

It should be noted that most research papers 
discussing the methods of evaluating regional 
innovation capacity identify a specific range of 
resources which are considered to be strategical-
ly important (principal component) [2–4]. For 
instance, the study of the innovative potential 
of twelve northern Russian regions is based on 
21 indicators available in official statistics [2]. Af-
ter processing primary indicators by method of 
principal components, the researchers identified 
five basic factors whose characteristic values were 
greater than unity and covered most of the total 

variance (about 90%) in the monitoring period 
between 2012 and 2014. Then, using the hierar-
chical cluster analysis, the authors identified the 
groups of regions with different levels of innova-
tion potential and drew these groups’ profiles. 

The majority of such studies rely on quantita-
tive (precise) calculation methods and represen-
tative sets of factors divided into separate blocks 
and reflecting the degree of resource development. 
However, this methodology is applied to analyze 
short intervals, which somewhat limits the judge-
ment about the dynamic component of resource 
development in particular regions. Nevertheless, 
this approach is quite relevant and can be useful as 
a part of expanded methodology for diagnostics 
of innovation potential in Russian region. 

Another modern approach of assessing the 
efficiency of research and development (R&D) ac-
tivity in regions was proposed by a team of schol-
ars from the Financial University (Moscow) [3] – 
the DEA-modeling method (Data Envelopment 
Analysis), based on building an efficient frontier 
in the space of ‘input’ and ‘output’ variables. The 
first group of input (i.e. resource-related) compo-
nents includes the following: the number of R&D 
organizations; share of innovation-active organi-
zations; number of staff involved in research work; 
expenses for technological innovations; expenses 
for research and development. The second group 
of output (resulting) characteristics includes the 
following: the number of submitted patent ap-
plications and granted patents; scope of shipped 
innovation products; number of publications in 
journals indexed in the international abstract re-
search database; developed and used advanced 
production technologies; share of graduate stu-
dents and doctoral candidates with defended 
papers. Regions’ performance is determined by 
degree of their proximity to the specific frontier, 
adopted as a benchmark (reference point) and 
built via repeated solution of the linear program-
ming problem. The indisputable methodological 
advantage of this approach is its focus on using 
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advanced methods of data analysis (DEA-model-
ing and R-project system) as well as further rank-
ing of regions by various individual indicators by 
taking into account their entropy defined through 
Shannon’s equation.

There is, however, one aspect of this method-
ology that requires extra clarification – the prac-
tical side of the correlation between the results 
of research and development (R&D) activity and 
the region’s potential (resources). The researchers 
have proposed the following formula to calculate 
efficiency ЭR&D:

=   &

  &  
,i R D

SIA
J R D

R
Э

P
where Ri R&D is the results of research and develop-
ment; i = 1 … r; Pi R&D, the potential, j = 1 … p. In 
general, r ≠ p.

What raises most questions is the interpre-
tation of the results of division: for instance, the 
number of publications (result) by the share of in-
novation-active organizations (resource descrip-
tion) looks quite problematic. Moreover, the se-
lection of the optimal scale which the final figure 
should tend to is quite complicated. 

Yet another problem is that the proposed ap-
proach does not indicate the time interval of cal-
culations to rank the regions according to their 
R&D performance. 

Nevertheless, we must give credit to the au-
thors of the method for their use of modern ana-
lytical systems and tools in processing of signifi-
cant data arrays and for obtaining valuable results 
suitable for practical implementation in regional 
development programs.

Not denying the importance of assessing ef-
ficient resource development in regions, it would 
be reasonable to add that, to ensure the prosperity 
of the whole state, it is more important to analyze 
explicit and latent reserves for innovative growth 
(in terms of federal districts) on the level of feder-
al districts. A key organizational and managerial 
aspect is to identify the specific characteristics of 
the innovation policy design and implementation 
in federal districts by taking into consideration 
the structure of their innovation potential and 
role in the national economy [5, p. 60]. There-
fore, a closer look is needed at the main trends 
in regional performance, which renders crucial 
the questions of the patterns of growth, stabili-
ty, dynamics, and predictability in development 
of socio-economic systems. The methodological 
framework for studying these questions is con-

stantly updated [6-9]. For example, American 
scholars E.  Hill, H. Viall, and H. Volman define 
stability as the area’s ability to recover successfully 
from economic shocks, which either push it off the 
path of growth or at least have such potential [6]. 
A similar definition is offered by K. Foster, who 
identifies stability as a region’s ability to anticipate, 
prepare for, respond to, and recover from disorder 
[7]. According to L. Geely and H. Harass [8], who 
analyzed the dynamics of change in well-being of 
South-East Asia population, the rate of long-term 
economic growth is of fundamental importance 
for society’s living standards; it is an irreplaceable 
mechanism for getting people out of poverty.

According to researchers from the Russian 
Presidential Academy of National Economy and 
Public Administration (Moscow), a conceptu-
al framework for the theory of regional stability 
as a field of Russian regional economics should 
comply with the contemporary Western (Europe-
an) standards. This will allow Russian economists 
to develop guidelines and recommendations for 
regions to be able to maintain their viability in 
situations of crisis by mitigating external threats 
and their impact on socio-economic growth 
[9, p. 180].

Modernization processes and their effective-
ness in federal districts is mostly determined by 
the depth of innovative transformations on the re-
gional level. Of course, territorial transformations 
occur unevenly, which significantly affects the 
degree of resource development and realization 
of the overall economic potential on the national 
level. Recently, much scholarly attention has been 
focused on the issues of regional differentiation 
[10–14]. P. Krugman introduced his core-periph-
ery model in 1991 and thus made a significant 
contribution to systematization of our knowledge 
about the conditions and patterns of resource con-
centration within a limited area (region) [10]. As 
most current research shows, however, provision 
of a higher level of living standards is often im-
peded by the severe economic imbalance within 
a state or region. Therefore, experts studying so-
cio-economic systems find it crucial to define and 
justify the reasons behind significant interregion-
al imbalances in specific indicators; to identify the 
optimal variance boundaries (based on the cases 
of success); and to describe the prospects of level-
ing these differences through targeted state sup-
port. As for significant regional differences, some 
regions tend to accumulate the advantages at the 
expense of others, which can exacerbate the crisis 
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and leads to the disruption in homogeneity of the 
socio-economic space. Unequal regional develop-
ment means slower economic growth, depletion 
of human capital, underperformance of regions 
in terms of technological development, declining 
public trust in the government, weaker economic 
and social relations [11, p. 68].

According to V. N. Leksin, apart from depop-
ulation in the vast areas of Russia, the crisis of 
the settlement system has led to the degradation 
and lumpenization of a large part of the country’s 
labor force, reduction in the country’s economic 
potential [12, p. 4]. Further increase in the inter-
regional differentiation will require the federal 
centre to take new political decisions to level the 
differences [13, p. 148].

There is no doubt that such unbalanced eco-
nomic structure means higher risk and requires 
revision of the currently implemented public pol-
icies of innovation support as well as a significant 
reduction in the influence of Moscow agglomera-
tion to the benefit of other regions. This is due to 
the fact that concentration of financial and infra-
structural resources in one region in potentially 
adverse market conditions may lead to deteriora-
tion of the entire socio-economic system, whose 
economic processes mostly depend on a particu-
lar area. Such trend should be addressed through 
various state programs aimed at redistribution of 
funds in favor of depressed, struggling areas. The 
goals of such programs should include the renewal 
of fixed assets, development of knowledge-inten-
sive enterprises and establishment of modern in-
frastructure in the production sector, in research 
and education. 

R. Bakhtizin, however, is quite pessimistic 
about this trend, pointing out that ‘financial equal-
ization’ through money transfers from the federal 
budget to heterogeneous regional economies is 
nothing but a ‘mothballing’ strategy as it does not 
create sufficient incentives for economic growth. 
Subsidies have no practical effect on investment 
processes in regions and do not ensure sufficient 
stimulation for efforts of regional authorities to 
develop business and attract investors on the basis 
of public-private partnership. Therefore, financial 
equalization does not necessarily lead to econom-
ic leveling [14, p. 88].

In order to get an understanding of how Rus-
sian federal districts make use of their resource 
potential to modernize, we need to analyze this 
situation in different dimensions and identify the 
prospects of regional development by taking into 

account the state of the current socio-economic 
and innovation environment. 

Research methods
The lack of complete data on the dynamics 

and scope of current transformations in Russian 
federal districts leads us to using combinatorial 
values based on official Rosstat data. It should be 
noted that significant differences between constit-
uent areas in a federal district (according to the 
key modernization parameters) imply that there 
are organizational and economic opportunities to 
reduce the detected differentiation by involving 
the resources which often remain unused in cer-
tain areas [15, p. 43].

Our diagnostics of the modernization poten-
tial of federal districts was conducted by using 
special computer software, whose applicability is 
confirmed by the state registration certificate [16]. 
For our assessment, we chose a series of seven rel-
ative indicators on the basis of the available Ross-
tat data on R&D development of Russian regions. 
These indicators show the degree of development 
for certain types of resources and final level of use 
for economic modernization potential in federal 
districts – from 2000 to 2017.

1. Indicator of efficiency for innovative activ-
ities IЭ of enterprises in a specific federal district 
in the last analyzed period (2017) is calculated by 
formula (1):

=
= ∑

1

1 ,
n

i
Э

ii

V
I

n C  
(1)

where Vi is the scope of innovative products, 
works, services in the ith region of the federal dis-
trict; Ci, the costs of technological innovations 
in the ith region of the federal district; and n, the 
number of regions in this federal district.

It should be noted that to calculate the payoff 
from innovation in the relevant period, we need 
to use the data on the expenditures in the previous 
year – given the chain reaction (delay in a certain 
time lag) of production facilities for funding the 
technological innovation.

Performance indicator of a research organiza-
tion operated in IP district, achieved in the last an-
alyzed period (2017), is calculated by formula (2):

=
= ∑

1

1 ,
n

i
Р

ii

T
I

n O  
(2)

where Ti is the number of advanced production 
technologies in the ith region of the federal dis-
trict; Oi, the number of R&D organizations in the 
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ith region of the federal district; n is the number of 
regions in this federal district.

This criterion indicates the level of activity for 
scientific organizations in a certain area.

3. Variation factor kЭ for efficiency of innova-
tion in regions of a certain federal district, in the 
last analyzed period (2017), looks the following 
way (3):

σ
= ,I

Э
Э

k
I

Э

 (3)

where σIэ ia the mean root square deviation of 
performance indicators for innovation in regions 
of this federal district.

This indicator shows the degree of territori-
al segregation by payoff from innovation and it 
should be aimed at the minimum possible value.

4. Variation factor for operating performance 
of R&D organizations kР in regions of a certain 
federal district, for the last analyzed period (2017), 
is calculated by formula (4):

σ
= ,Ip

P
P

k
I  

(4)

where σIр is the mean root square deviation of op-
erating performance indicators for R&D organiza-
tions in regions of this federal district; kР provides 
information on the degree of regional imbalance 
(by performance of R&D organizations) and it 
should have a downward trend.

5. For a federal district, the indicator of stable 
development (by efficient innovative activities) is 
found on the basis of (5):

≤ α
=  > α

,       
,

0,   
Э

Э

s p
s

p  
(5)

where kЭ is the coefficient of time factor t in linear 
regression equation IЭ = sЭ · t + bЭ; bЭ, the perma-
nent offset; p, the significance of influence caused 
by time factor t on indicator IЭ in the regression 
model defined during variance analysis; , the crit-
ical value of significance level p.

Indicator (sЭ) reflects the tendencies and 
predictability in the performance indicators of 
innovation, while characterizing the tangent of 
the formed trend with respect to the time axis. It 
should be noted that it is also important to test the 
significance of regression equation (p). The stabil-
ity factor is accepted if p ≤ 0.05

6. The stability factor for the development 
of a federal district (by efficient functioning of 
R&D organizations sР) is found on the basis of 
(6):

≤ α
=  > α

,      
,

0,   
P

P
s p

s
p  

(6)

where sP is the coefficient of time factor t in linear 
regression equation IP = sP · t + bP; bP, the perma-
nent offset; p, the significance of influence caused 
by time factor t on indicator IP in the regression 
model defined during variance analysis; α, the 
critical value of significance level p.

Indicator (sP) shows a stable change in the 
performance indicators of R&D organizations (IP) 
in the given federal district. In the way similar 
to previous criterion, it takes a specific value, if 
p ≤ 0.05. Otherwise, the stability factor is assumed 
to equal zero.

7. Efficiency indicator on use of human cap-
ital IC in the federal district, for the last analyzed 
period (2017), is calculated by formula (7):

=
= ∑

1

1 ,
n

i
C

ii

V
I

n P  
(7)

where Pi is the labor force in the ith region of this 
federal district.

The proposed indicator (IC) describes the rel-
ative scope of innovation product, made by one 
able-bodied person in the territory of a certain 
federal district, within a certain time interval. In 
fact, you can say that it shows the performance of 
high-tech labor in monetary terms.

An opportunity for successful modernization 
of the federal district’s economy appears, if the 
indicators are greater than or equal to the limit 
values, which can be calculated by using the sta-
tistical data on economically successful (in terms 
of innovation) Russian regions or international 
practice.

Results
For further calculations, we are going to use 

the data on the three most industrially developed 
federal districts (Central Federal District, Volga 
Federal District, and Ural Federal District), which 
together have for a long time accounted for about 
65% of the country’s GDP. Furthemore, it would 
be reasonable to compare the obtained indicators 
with the corresponding values for the whole of 
Russia, which can be taken as normative values.

For our calculations we used the official data 
from the statistical digests “Regions of Russia. So-
cio-Economic Indicators” published by Rosstat1. 
A fragment of the calculations of the performance 

1 Retrieved from: http://www.gks.ru/wps/wcm/connect/
rosstat_main/ rosstat/ru/statistics/publications/catalog/
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indicators for innovation in the regions of the 
Central Federal District and for Russia in general, 
based on formula (1), is shown in Table 1.

As for the question of potential anomalies in 
the development of the area (in particular of the 
Central Federal District), it should be noted that 
our study focuses exclusively on relative indicators, 
which ensure objective assessment of the results of 
innovation processes. If we look at the absolute sta-
tistical indicators (amount of innovative produc-
tion, turnover of small businesses, etc.), we will see 
that the city of Moscow occupies the dominant po-
sition, its results exceeding those of other regions 
ten and hundred times. If we calculate specific val-
ues (turnover per capita, per enterprise, etc.), how-
ever, they may present us with a radically different 
picture. As Table 1 illustrates, in 2017, the value of 
indicator IЭ in Moscow (0.88) exceeds only that 
of Ivanovo region (0.61) and therefore it is by no 
means extraordinary. Therefore, our methodology 
enables us to make calculations for geographically 
and economically large regions. Table 2 illustrates 
the calculations of indicators “2” and “4” (by using 
formulae (2) and (4)), which characterize the per-
formance of R&D organizations IР and variability 

kP of these indicators in the regions of the Volga 
Federal District in 2017.

For the graphical analysis of the distribution 
of the values of IЭ and IР and their changes in the 
reporting periods (2000–2017), we used Statisti-
ca 10.1 software to build the range chart (see Fi-
gure 1 and 2). 

Table 2
Performance of R&D organizations in the Volga 

Federal District, in 2017
Region IРi

σIp kР

Volga Federal District 0.33 0.24 0.73
Republic of Bashkortostan 0.11 – –
Mari El Republic 0.38 – –
Republic of Mordovia 0.59 – –
Republic of Tatarstan 0.50 – –
Udmurtia 0.64 – –
Chuvash Republic 0.11 – –
Perm Region 0.51 – –
Kirov Region 0.04 – –
Nizhny Novgorod Region 0.33 – –
Orenburg Region 0.03 – –
Penza Region 0.07 – –
Samara Region 0.39 – –
Saratov Region 0.18 – –
Ulyanovsk Region 0.75 – –

Table 1
Indicators of innovation in Russian regions for 2001–2017

Territory
 (region) / year

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

RF 2.95 3.02 3.36 3.58 3.74 5.43 4.54 4.71 3.04 3.12 5.26 3.92 3.88 3.22 3.17 3.63 3.24
Central Federal 
District

2.11 3.89 2.54 3.59 3.53 4.86 4.60 6.10 3.86 3.00 4.62 3.40 3.82 3.58 3.95 4.08 2.12

Belgorod region 23.48 1.47 2.31 2.15 5.52 1.70 18.21 41.27 8.60 7.84 5.03 10.15 13.04 20.86 7.14 23.57 4.97
Bryansk region 8.06 22.56 3.65 22.76 18.46 11.49 13.78 12.22 13.81 10.67 6.25 8.16 2.74 4.00 20.42 20.64 4.37
Vladimir region 4.53 3.52 3.66 3.78 3.11 10.46 5.27 2.75 2.38 1.55 6.52 7.99 6.45 4.83 4.57 2.13 5.05
Voronezh 
region 

2.39 4.39 5.26 7.01 10.88 3.13 7.64 4.56 1.20 2.87 4.89 1.80 2.05 3.27 7.40 2.74 4.20

Ivanovo region 14.98 6.26 4.18 1.24 0.68 1.93 18.53 2.52 2.54 0.61 0.99 0.63 0.58 2.10 5.97 0.92 0.61
Kaluga region 5.13 8.00 7.18 9.73 3.67 3.94 6.15 3.50 2.37 5.29 2.94 2.30 2.35 0.88 1.10 1.20 1.80
Kostroma 
region 

23.59 3.25 15.99 5.97 1.14 1.20 2.31 7.27 4.93 3.83 3.99 7.51 3.14 4.96 4.52 5.36 12.73

Kursk region 2.80 1.62 1.19 1.12 2.18 2.12 1.62 2.17 0.63 1.37 9.94 3.39 3.09 1.73 3.32 24.16 13.58
Lipetsk region 7.59 0.98 37.04 58.95 9.59 6.70 9.25 9.42 16.98 1.23 1.40 1.28 4.62 6.40 5.67 6.81 3.99
Moscow region 10.22 6.29 5.65 4.99 5.24 7.49 11.32 7.59 7.57 7.93 8.64 13.58 4.56 3.30 2.73 2.66 3.03
Orel region 15.44 22.71 38.66 5.35 2.92 6.07 1.20 3.82 1.60 7.34 9.17 1.59 2.99 2.03 1.08 2.14 0.93
Ryazan region 10.55 5.41 0.78 2.49 1.48 1.70 2.68 3.54 2.44 3.77 2.16 1.58 0.95 1.01 0.77 2.97 3.08
Smolensk 
region

15.01 15.22 6.87 1.68 0.71 2.17 3.67 3.60 4.17 2.10 1.79 1.60 3.64 7.29 3.18 1.52 3.29

Tambov region 3.08 4.87 1.71 9.60 5.91 13.42 6.69 4.23 2.71 2.16 4.21 2.98 0.92 3.41 3.06 2.44 1.90
Tver region 2.35 2.94 2.45 4.10 4.03 13.40 4.31 16.55 14.89 10.08 11.66 4.85 4.69 0.73 4.15 4.94 0.98
Tula region 1.91 0.91 2.46 2.98 2.03 2.33 0.91 2.90 0.67 1.31 7.38 11.40 4.16 4.40 6.31 5.74 4.65
Yaroslavl region 1.40 1.44 0.81 4.60 8.66 6.65 2.60 3.91 2.56 3.69 2.22 2.36 1.51 2.04 1.13 4.13 8.08
Moscow city 0.33 0.87 0.38 1.93 2.20 3.38 2.38 3.74 1.87 2.48 6.93 2.88 3.88 4.10 4.80 4.79 0.88
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As seen from the first chart (Figure 1), the de-
gree of variation in efficiency indicators for inno-
vation development in the regions of the Central 
Federal District for the given period (2001–2017) 
shows a clear downward trend.

On the one hand, in the light of the national 
task of reducing the interregional differentiation, 
the current situation in this district looks quite 
optimistic. On the other hand, we still cannot say 

that the median values of the analyzed indicators 
are improving and, therefore, there is no evidence 
of a pronounced positive trend, which would 
show any return on the government spending on 
technological innovation. 

A change in the median of the efficiency in-
dicator (innovation activity in the regions of the 
Central Federal District) may be considered in-
significant – compared to random fluctuations 
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Figure 1. Range chart of performance indicator values for innovation in regions 
of the Central Federal District, in 2001–2017

Note: “Median” signifies the value splitting the analyzed sample of 18 regions in two groups (9 regions demonstrate values 
below the median, and 9 regions, above the median); “25%–75%” is the rectangle corresponding to 25% and 75% quartiles; 

“Range without anomalies” stands for the range of indicator values with no account for anomalies in observations; “anomalies” 
are the points corresponding to anomalies; “extreme points” are the points corresponding to extreme values in the sample
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Figure 2. Range chart of performance indicators for R&D organizations in regions 
of the Central Federal District, 2000–2017
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of IЭ values in individual regions. It allows us to 
conclude that the average efficiency of innovation 
in the district remains virtually unchanged. How-
ever, this indicator shows isolated positive anom-
alies, which means that there are leading regions 
and that other regions also have some potential 
for modernization due to the available reserves 
for potential growth in returns on the spending 
on technological innovation. 

The analysis of performance indicators for 
R&D organizations in 2000–2017 (see Fig. 2) 
showed a minor change in IP median in the re-
gions of the Central Federal District compared to 
random factors.

In the given period, the range of values shows 
substantial heterogeneity (including the inter-
quartile range), which increased considerably 
since 2012. It may be interpreted as a sign of sig-
nificant disparities between the regions in terms 
of their R&D organizations’ performance. 

To assess the stability of modernization pro-
cesses by using formulae (5) and (6), we conducted 
a retrospective analysis of the values of innovation 
performance and efficiency of R&D organizations 
(in the given federal districts and Russia in gener-
al, in 2000–2017). The results of these calculations 
are shown in Table 3.

To calculate the stability of innovation effi-
ciency indicators and performance indicators of 
R&D organizations (based on the data in Table 3), 
we conducted a paired regression analysis and es-
timated the statistical significance of the obtained 
factors. Figure 3 illustrates the results of the anal-
ysis for the Central Federal District.

As follows from the results of the analysis of 
innovation efficiency indicator IЭ in the Central 
Federal District (depending on the reporting pe-
riod), the effect of the time factor, compared to 
random factors, is insignificant since Fisher’s sta-
tistical significance level is 86.8%, which substan-
tially exceeds the critical level of 5%. Therefore, 
the stability value of innovation efficiency indi-
cators sЭ (for this district, in 2001–2017, for (5) 
criterion) is taken as equal to zero.

Table 3
Indicators of innovation efficiency IЭ and 

performance indicators of R&D organizations IP  
in Russian federal districts, 2000–2017

Year Central Volga Ural Russia
IЭ IP IЭ IP IЭ IP IЭ IP

2000 – 0.16 – 0.26 – 0.36 – 0.17
2001 2.11 0.13 4.92 0.28 2.12 0.42 2.95 0.16
2002 3.89 0.14 1.95 0.24 7.05 0.66 3.02 0.19
2003 2.54 0.24 3.02 0.24 5.05 0.58 3.36 0.22
2004 3.59 0.14 4.28 0.31 4.17 0.31 3.58 0.18
2005 3.53 0.14 6.74 0.27 2.47 0.35 3.74 0.18
2006 4.86 0.18 9.48 0.30 3.66 0.44 5.43 0.20
2007 4.60 0.18 6.79 0.31 2.64 0.38 4.54 0.20
2008 6.10 0.22 6.68 0.33 2.39 0.25 4.71 0.21
2009 3.86 0.20 4.42 0.30 1.08 0.39 3.04 0.22
2010 3.00 0.27 6.72 0.27 1.34 0.48 3.12 0.25
2011 4.62 0.30 9.86 0.29 1.95 0.59 5.26 0.31
2012 3.40 0.29 5.75 0.42 1.43 0.61 3.92 0.37
2013 3.82 0.38 4.62 0.39 1.78 0.76 3.88 0.40
2014 3.58 0.33 4.14 0.46 1.29 0.76 3.22 0.39
2015 3.95 0.34 3.62 0.33 1.76 0.74 3.17 0.33
2016 4.08 0.37 4.73 0.40 3.03 0.98 3.63 0.38
2017 2.12 0.33 5.58 0.34 3.30 0.96 3.24 0.36

2001 2003 2005 2007 2009 2011 2013 2015 2017

6.10
IЭ

4.60

3.82
3.40
3.00
2.54
2.11

Figure 3. Graph of the linear regression dependence between indicator and time,  
for the Central Federal District, in 2001–2017
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The graphical analysis of the dependence be-
tween the innovation efficiency indicator and time 
(in Russia and the Volga Federal District) leads 
us to a similar conclusion. It is nearly impossible 
to detect any development in the trend or trend 
slope (set by the regression equation) against the 
background of random factors, i.e., confidence 
limits. It follows from the above that the stability 
value of innovation efficiency in Russia and the 
Volga Federal District is sЭ = 0.

In line with the given criteria, the innovation 
development is quite pronounced (compared to 
previous cases) in the Ural Federal District. Loca-
tion of the observed IЭ values along the confidence 
limits, the negative tangent of the trend line with 
respect to the time axis, relatively high modulus of 
the correlation factor (r = –0.51), and significance 
level р = 0.035 lead us, according to condition (5), 
to estimate the stability value for the Ural Federal 
District as sЭ = –0.159.

The results of our statistical analysis of the 
stability factors for performance indicators of 
R&D organizations IP were obtained for all given 
territories in the way similar to the previous stage 
of calculations, based on condition (6). For exam-
ple, the graph of the linear regression dependence 
between IP indicator and time (for the Volga Fed-
eral District) looks as follows (Figure 4).

The results of the regression analysis for the 
stability indicator (performance parameters of 
research organizations in the Volga Federal Dis-
trict), depending on reporting period, show 
that the effect of the time factor, compared to 

random factors, is significant: Fisher’s statisti-
cal significance level is p = 0.5%. In this case, 
the regression equation looks the following way: 
IP  =  –0.6213  +  0.0086t, where t is the reporting 
time period. Therefore, for the Volga Federal Dis-
trict, in 2000–2017, the stability indicator is taken 
as equal to sP = 0.0086

For the Central Federal District, this indica-
tor is sP = 0.0146; for Russia, sP = 0.0147; for the 
Ural Federal District, sP = 0.0296.

Our calculation of the seventh indicator, re-
flecting the efficient use of human capital in the 
district for 2017 (formula (7)), allows us to con-
clude that, in the Central Federal District, this 
potential is not rationally used – compared to av-
erage Russian figures as well as the results of the 
Ural and Volga federal districts. The lag from the 
reference indicator (for the Volga Federal Dis-
trict) is 40% (Figure 5).

IC

UFD

VFD

CFD

RF

Territories

0 10 20 30 40 50 60 70 80 90

72.97

78.42

47.36

54.75

Figure 5. Graphic interpretation of the indicators 
of efficiency of human capital use  

in Russian federal districts (IC), ths rbs/person

IP
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Figure 4. Graph of the linear regression dependence between IP indicator and time 
(for the Volga Federal District)
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Table 4 summarizes the results of our calcula-
tion of the actual parameters (1)–(7) in the given 
federal districts and Russia in general. 

Table 4
Actual values of (1)–(7) indicators for federal 

districts and Russia
Indicators Central FD Russia Volga FD Ural FD

IЭ 4.340 8.818 6.156 6.520
IP 0.437 0.430 0.331 1.035
kЭ 0.860 3.368 0.510 1.645
kР 1.161 1.484 0.732 1.161
SЭ 0.000 0.000 0.000 –0.159
SP 0.015 0.015 0.009 0.030
IС 47.362 54.750 78.424 72.975

However, for accurate comparison of territo-
ries within the unified assessment system, these 
values require some standardization, i.e., being 
brought to a common comparative base. Thus, we 
are going to conduct a two-level analysis accord-
ing to standard and reference criteria.

The indicator values we obtained for Russia 
can be referred to as standard indicators while the 
best results for the given federal districts, as ref-
erence These limits are taken as 1 (100%). If an 
increase of the factor is caused by the improve-
ment of the situation in the sphere of innovation 
(indicators “1”–“2”, “5”–“7”), the specific value for 
the selected federal district (numerator) is cor-
related with the standard and reference indicators 
for other districts (country). The inverse relation-
ship between the changes of the factor and the im-
proved situation (indicators “3”–“4”) means that 
we need to change the procedure and correlate 
the limit values with the actual ones (for the given 
district). We tested our methodology for diagnos-
tics of regional modernization potential by using 
the data on the Central Federal District (Table 5).

Table 5
Results of calculations of standardized indicators 

“1”–“7” for the Central Federal District
Indica-

tor
Normative 
indicators

(for the 
Central 
Federal 

District)

Reference
indica-

tors

Development of the 
district’s modernization 
potential in comparison 

with:
Normative 
indicators

Reference
indicators

IЭ 1 1 (RF) 0.49 0.49
IP 1 1 (UFO) 1.02 0.42
kЭ 1 1 (VFD) 3.92 0.59
kР 1 1 (VFD) 1.28 0.63
SЭ 1 1 (–) – –
SP 1 1 (UFO) 0.99 0.49
IС 1 1 (VFD) 0.87 0.65

Since estimation of modernization of poten-
tial of a regional economy is conducted by using 
a set of indicators “1”–“7”, the general result will 
be presented as a radar chart. Figure 6 shows the 
diagram of the summary data from Table 5.
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Attitude to reference indicators

IЭ

IPIC

kЭ

kPsЭ
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Figure 6. Radar chart for estimating  
modernization potential of the economy  

of the Central Federal Districts for indicators (1)–(7)

We compared indicators “1”–“7” for the Cen-
tral Federal District with the standard and refer-
ence values, which led us to the following conclu-
sion. The results of this district are unsatisfactory 
for the majority of parameters. Moreover, this 
alarming trend can be observed in other, more de-
veloped regions of Russia as well as for the overall 
situation in the country (standard values). 

Thus, Iэ indicator for the Central Federal Dis-
trict is twice lower than the standard and refer-
ence value for the whole country, while being 30% 
below that of the Volga and Ural federal districts. 
The dynamics of all the given federal districts in 
terms of innovation efficiency also leaves much 
to be desired. In this situation, the position of 
the Central Federal District can be described as 
“equal among the worst”: Russia in general as well 
as the Central and Volga federal districts demon-
strate zero stability in the indicators of return on 
innovation investment (see Table 4). Within the 
confidence limit, pronounced stability in the se-
lected indicators with respect to the time axis is 
characteristic only of the Ural Federal District. 
However, the annual decrease in efficiency, which 
can be seen from the negative tangent of trend 
(sЭ = –0.159), does not give us grounds for opti-
mism regarding the turnover of innovative prod-
ucts (per one ruble of modernization expenses). 
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The results of the Central Federal District, on 
the contrary, offer some hope, compared to standard 
values of interregional variability in innovation effi-
ciency (kЭ) and effectiveness of R&D organizations 
(kP). Moreover, it should be noted that stability (sP) 
of (IP) indicators in 2000-2017 is comparable to the 
limit values for Russia. These facts mean that the 
district has some real potential for adoption of new 
knowledge (IЭ), efficient functioning of R&D or-
ganizations (IP), and the full use of human capital 
(IC). Furthermore, variation factor kP for the Cen-
tral Federal District is almost 60% above the similar 
reference value for the Volga Federal District, thus 
indicating significant under-used resources in the 
district, which can be accessed by stimulating lag-
ging regions. Thus, it seems appropriate to classify 
the Central Federal District as a territory with con-
siderable modernization potential. 

Our analysis on the basis of quantitative ap-
proach has enabled us to create an indicator sys-
tem (for diagnostics of a federal district) and con-
duct comprehensive monitoring of the district’s 
capabilities. At that, the system of indicators (1–7) 
allows us to take into consideration the current 
situation as well as to estimate the dynamic com-
ponent. Indicators IЭ, IP, and IС characterize the 
return on the unit of resources invested into inno-
vation within a district; kЭ and kР, differentiation 
of regions within a district; sЭ and sР, trends of dis-
trict development in terms of innovation efficien-
cy and performance. Based on that, the proposed 
indicator system and analytical methods can be 
applied to conduct diagnostics of the moderniza-
tion potential of a federal district, relying on the 
minimum possible amount of statistical data. 

In general, although the Central Federal Dis-
trict has a developed infrastructure and consid-
erable research and manufacturing capabilities 
as well as a favourable geographical location, it 
fails to use its modernization potential efficient-
ly enough. Meanwhile, there are actual targets for 
building this potential – in the form of specific 
innovation results demonstrated by the district, 
both in the reporting period and in a long period 
of time. Furthermore, the reference values of in-
dicators IP and SP for the Central Ural District as 
well as indicators kЭ, kР and, IC for the Volga Fede-
ral District indicate that there are opportunities 
for better use of territorial economic reserves.

Conclusions
Modernization transformations in Rus-

sian federal districts are stimulated through 

state strategic programs adapted for specific so-
cio-economic, geographical, infrastructural, sci-
entific and technological conditions of territo-
ries. Analysis of these conditions cannot consist 
only of straightforward estimations and rely on 
a limited number of factors. Calculation results 
need to reflect innovation trends in federal dis-
tricts by taking into account a long retrospective 
time lag. It should be noted that for adequate di-
agnostics of modernization potential of territo-
ries, we need to use official statistical data, coher-
ent and consistent methodology and quantified 
measures. 

The proposed series of relative indicators of 
innovation can be used to measure federal dis-
tricts’ modernization potential by applying meth-
ods of mathematical statistics. Our approach is 
based on analysis of national data and official 
statistics characterizing modernization processes 
in Central, Volga and Ural federal districts in the 
18-year period (from 2000 to 2017). The proposed 
set of criteria allows us to take into consideration 
both the current situation and the  dynamics of 
innovation development. The selected indicators 
characterize the returns from innovation invest-
ment in socio-economic systems, the degree of 
regional differentiation within the district and 
trends of regional development regarding the ef-
ficiency of innovation processes. The proposed 
approach can be used to measure the efficiency of 
human capital use.

The methodology was tested on the data on 
the Central Federal District, which was found to 
hold a considerable potential for modernization 
in socio-economic systems of its regions. Statis-
tical comparison of the actual and limit values 
revealed significant underused resources in this 
district. These resources can be accessed by stim-
ulating the lagging regions. We found significant 
variability in innovation efficiency within the 
Central Federal District in comparison with ref-
erence values for other districts. The district has 
also demonstrated some comparatively positive 
dynamics regarding the efficiency of its R&D or-
ganizations in 2000–2017, which means that it is 
possible to improve the district’s overall perfor-
mance and realize its human potential more fully. 
The proposed system of indicators and quantita-
tive methods can be applied to conduct diagnos-
tics of federal districts’ modernization potential 
by using the minimum amount of statistical in-
formation and to identify the regions that do not 
fit into the general development trends. 
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