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Abstract

The authors propose to assess and forecast the innovative development of regions using an improved methodological approach, 

which consists of substantiating statistical indicators of the innovative development, which are verified by correlation analysis (thereby 

avoiding autocorrelation between indicators of the innovative development of regions). Verification of the evaluation indicators makes 

it possible to determine the impact factors and the most influential indicators according to the integrated index of the innovative 

development of regions. Using the Bartlett method for modelling and making predictions makes it possible to take into consideration 

the impact of the most influential indicators on the values of the integral index, as well as to adjust the predicted values of the integral 

index. The calculated and forecasted integrated index of the innovative development of regions can be used by local authorities to 

develop measures that aim to intensify the innovative development of regions, taking into account the most influential factors for each 

region. The proposed methodological approach for estimating and forecasting the integrated index of the innovative development 

of regions was tested on the example of Polish voivodeships. To permit a more detailed consideration of the results obtained, three 

voivodeships, Kujawsko-Pomorskie, Pomeranian and Swiętokrzyskie, were studied and compared. The results showed that these 

voivodeships have different values on the integrated index, which can be attributed to different regions having different levels of 

innovation development. The most influential factors also differ for each of the regions.
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1 Introduction
The challenges of today's world economy, which have 
coincided with market volatility as a result of unfore-
seen impacts, increasingly determine the relevance of 
forecasting the development in general – or more specif-
ically, the innovative development – of regional systems. 
One of the main shortcomings of previous methodolog-
ical approaches to assessing and forecasting the innova-
tive development of regions has been their level of accu-
racy. Ensuring high accuracy in assessing and forecasting 
the innovative development of regions requires the use of 
diverse methods as well as combinations of them, which 

makes it possible to eliminate shortcomings and provide 
a higher degree of scientific backing for decisions that aim 
to increase innovation in the area of regional development. 
In order  to  improve verification of  forecasts,  it  is neces-
sary to evaluate the system under examination, which in 
our case is the innovative development of regions over an 
extended period of at least five years (in our case, the eval-
uation was conducted for ten years from 2010 to 2019). 
Verification of  the  forecast  can  also be  enhanced by  the 
use of special methods, such as the economic and math-
ematical modelling  of  the most  influential  indicators  on 
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the generalizing parameter of the studied system, as well 
as the use of the Bartlett method in forecasting. This com-
bination makes it possible to model the system's behavior 
and predict it using the Bartlett method, which provides:

• clarity in the results of calculations and dynamics of 
changes of estimation indicator, plus the dynamics 
of changes to the calculated and forecast indicators 
and indices;

• validation of the study of complex economic systems;
• identification  of  processes  occurring  in  the  system 

and clarification of their effects on its effectiveness, 
which helps to increase the efficiency of the system 
as a whole;

• practicality and the ability to change, if necessary, 
the estimated parameters of the system, as well as the 
simple application and unambiguous interpretation 
of the obtained results of evaluation and forecasting.

The listed advantages of this method of estimation 
and forecasting of the innovative development of regions 
offers researchers a chance to improve the verification of 
their results.

2 Literature review
Many scientific works of domestic and foreign scientists 
ardevoted to research of the innovative activity of regions, 
modelling, evaluation and forecasting of the basic indica-
tors of the innovative development. The article of Popelo 
et al. (2021) proposes a methodical approach to assessing 
the  effectiveness  of  innovative  development  of  regional 
economic systems in the development of creative econ-
omy. The study of Vovk et al. (2021) simulated the choice 
of innovation and investment strategy for the realization 
of modernization potential. In accordance with the pro-
file  levers,  the  authors  identified  targets  and  alternative 
benefits  of  innovation  and  investment  strategies.  In  the 
framework of the research of Tulchynska et al., (2021) the 
resource provision of innovation and investment strategies 
in the conditions of digitalization is analyzed.

The study of  Firsova  and  Tsypin  (2021)  argues  that 
the effectiveness of  the spatial  innovation development is 
a very important problem today in connection with the 
increased impact of innovation on economic growth. The 
cluster analysis and the correlation-regression method 
were used to assess structural changes in the innovative 
development of the regions of Russia.

The purpose of the study of Vertakova et al. (2020) is to 
study and generalize the opinions of experts representing 
regional authorities and business structures on the threats 

to the innovative economy development. They analyzed 
the threats  that negatively affect  the innovative economy 
development of the regions.

The paper of Ključnikov et al., (2020) aims to explore 
the potential of the innovative regional development of 
a structurally disadvantaged industrial region focused on 
the mining and metallurgical industries at the expense of 
the local currency.

The aim of the study of Sukhovey and Golova (2020) is 
to  produce  a  differentiated  approach  to  the  development 
of strategies for the innovative development of the regions 
of Russia, which allows to effectively implement innova-
tion paradigms taking into consideration the peculiarities 
of the scientific and technical, innovation and production 
activities and technological potential of the regions.

Arinas (2020) examines the first regional laws concerning 
circular economy to determine whether they are simply pro-
grammatic or truly innovative. He identified several legisla-
tive options that meet the requirements of the broad concept 
of circular economy in different ways, demonstrating gradual 
consolidation of this concept as a general principle of law.

In the article of Bezrukova et al., (2016), the possibili-
ties and prospects for improving the modelling and fore-
casting of the innovative development of business struc-
tures in the conditions of global competition are examined. 
The authors advocate using the method of fuzzy logic to 
increase the efficiency of this process, outline the method 
and  its  application  to  specific  examples,  and  provide 
a rationale for opting for it in preference to other methods.

An article authored by Polish scientists aims to find out 
whether  innovations  affect  the  competitiveness  and  sus-
tainable development of small and medium enterprises. 
Their study focuses on identifying the processes and 
changes taking place in enterprises so far as understand-
ing the concept of the sustainable development is con-
cerned (Malik and Jasińska-Biliczak, 2018).

Using primary data at the company level, Swedish 
researchers compare collaboration models for innova-
tion in the choices of Swedish, Norwegian, Chinese, and 
Indian regions specializing in ICT. The results show that 
companies in regional innovation systems in developed 
economies are generally more tied to innovation networks 
that are truly global in character, especially in terms of 
global innovation (Plechero and Chaminade , 2016).

Scientists from the Czech Republic and Portugal believe 
that accurate forecasting of regional innovation indicators 
plays a key role in the implementation of policies aimed 
at supporting innovation, as it can be used to model the 
consequences of actions and strategies. Scientists have 
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developed a model for solving the problem of regional 
forecasting of innovation indicators (Hajek et al., 2019).

The development of models for forecasting the inno-
vative development level of countries, as well as to iden-
tify  the most  significant  factors  influencing  the  innova-
tive development became the basis of work undertaken 
by  Russian  researchers.  The  scientific  novelty  of  their 
approach lies in the application of a systematic, integrated 
approach to the selection of factors that have statistical 
significance and constitute drivers of innovative develop-
ment, together with the subsequent construction of econo-
metric models and their testing (Nevezhin et al., 2019).

According to the polish author Zajkowska (2017), the rea-
sons why significant changes are observable in approaches 
to innovation – which has given rise to the emergence of 
a new generation of models of innovation processes – are 
the growing pace of technological progress, intense compe-
tition, and the prevalence of volatile markets in modern soci-
ety. An open innovation model is based on the constant quest 
for, as well as research into and the actual use of, sources of 
opportunities for innovation that offer commercial potential.

3 Methodical approach
Analysis  of  existing  approaches  (Bezrukova  et  al.,  2016; 
Hajek et al., 2019; Revko et al., 2020; Shkarlet et al., 2020) 
suggests that today there is no single "correct" approach to 
assessing and forecasting the innovative development of 
regions.. Consequently, researchers need to improve their 
methodology and thus contribute to the development of 
measurement instruments and better focused efforts on the 
part of local authorities who wish to increase the innovative 
activity of their regions.

The authors of the current paper propose an algorithm 
for assessing and forecasting the innovative development 
of regions (Fig. 1).

According to the authors, forecasting of the innova-
tive development should be carried out based on the inte-
grated index of the innovative development of regions. 
The calculation of the integrated index makes it possible 
to eliminate possible autocorrelations between the input 
parameters, which are statistical estimates of the innova-
tive development of regions. In the study, the authors use 
four evaluation indicators, but it should be noted that the 
number and composition of indicators may vary depend-
ing on the goals of forecasting. The use of matrices of pair 
correlations makes it possible to calculate the coefficients 
of  influence on  the  integral  index, as well as  to  remove, 
if any arise, linear dependences that make it impossible 
to calculate the matrices. In turn, the selection of the most 

influential indicators provides more accurate calculations 
of forecast values and reduces errors in forecasting.

The control of input data, which are statistical data, is 
performed by the level of the pairwise correlation index, 
where |k| ≥ 0.7. Estimates in which the correlation is less 
modulo than |k| combine to determine the integrated index 
of a particular region for a given year. Thus, the integrated 
indices are calculated for each year.

Simulation is used in cases where there is a fairly large 
array of variable data, which constitute statistical indicators 
(in this study for the period 2010–2019). Simulation allows 
you to describe the system's behavior, namely the innova-
tive development of regions, as well as to build hypotheses 
for modelling system behavior when certain parameters are 
changed (Lazarenko et al., 2020; Solosich et al., 2021). In the 
current study, such variable parameters may be the indicators 
that have the highest coefficients of influence. Consideration 
of variable parameters makes it possible to predict the future 
behavior of the system as well as to assess the changes that 
are possible, considering changes in certain parameters.

Estimation of the regression model makes it possible to 
perform regression and forecasting through the given sce-
narios of the system development (the innovative develop-
ment of regions) and thus to model the influence of param-
eters (the most influential indicators found by determining 
the coefficients of influence) of the constructed economet-
ric model on the integrated index.

Fig. 1 Аlgorithm for assessing and forecasting the innovative 
development of regions. Source: developed by the authors
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When developing a multiple regression model, it is nec-
essary to find out the dependences of the existence of such 
a model. It is not possible to construct a multiple regression 
model for any structure of relations between the given fea-
tures X = (x(1), x(2), …x(p))T on the model. In other words, not 
all parameters that have been selected based on statistical 
data can really characterize a particular system by deter-
mining the impact on common factors such as f (1),…, f (p'). 
Alternatively, it may be necessary to prove their existence, 
which would explain the existing correlation between pairs 
of features x(i), x( j) within a given statistics ν. Through for-
mulae, this can be expressed as Eqs. (1) and (2):
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where ν - the test number.
In that case, if the estimation parameters allow the con-

struction of a multiple regression model,  then the defini-
tion of the corresponding factors FT  =  ( f (1),…, f (p')) and 
coefficients  of  the  linear  transformation Q  =  (qij), which 
connects X and F, is unique. This, in turn, determines 
the transformation matrix Q and the covariance matrix 
V =  (vij) of  residual  specific  factors u

 (1),…, u (p'), with the 
result that the definition of the parameters of the multiple 
regression model arrived at would be unique.

In the opinion of the authors, to forecast innovation 
of the regions, it is advisable to use the Bartlett method, 
which considers separately for each fixed number of obser-
vations econometric model, as a regression of the sign XV 
by arguments q̂1, q̂2,…, q̂n.

Using the method of least squares, the calculated impact 
factors to minimize the function are determined as Eq. (3):
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Thus, we obtain regression relations (Eq. (4)):
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With a normal distribution of the values of the vari-
ables X, the calculated values of the mathematical expec-
tations will be optimal. If quantities qij and vij are replaced, 
approximate values q̂ij and v̂ij are calculated as estimates 
of coefficients of influence f (1),…, f (p').

Consequently, the relations (formulas 3–4) are used by 
the Bartlett method in the construction of matrices, which 
take the following form (Eq. (5)): 
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In the process of creating the model, mathematical and 
statistical  formalisation of  indicators  that affect  the  inte-
grated index of the innovative development of regions is 
adopted.

4 The results of forecasting and analytical evaluation
According to the results of the statistical data analysis, in 
Table 1 the authors present the estimated initial indica-
tors that were selected for calculations and forecasting of 
the innovative development of regions on the example of 
Polish voivodeships.

The authors grouped the voivodeships of Poland by the 
average value of the integrated index of innovation activ-
ity, which is presented in Fig. 2.

The authors made calculations for all voivodeships of 
Poland, but in this scientific article we proposed to visual-
ise and compare the results for three voivodeships, which 
gave rise to the following findings:

• firstly,  there  are  different  values  of  the  integrated 
average innovation indices of the regions, namely: 
Pomeranian:  0.855,  Kujawsko-Pomorskie:  0.506, 
Swiętokrzyskie: 0.321;

• secondly, the values of the average integrated index 
can be attributed to different groups of regions when 
they are grouped depending on the value of the inte-
grated index of innovation of the regions;

• thirdly,  they  have  different  most  influential  para-
metric indicators, both for the Pomeranian voivode-
ship  (X3  -  the  volume  of  sold  innovative  products 
in% to the total volume of sold industrial products 
(%)),  Kujawsko-Pomorskie  (X2  -  the  volume  of 
sold  innovative  products,  per  1  population  (euro)), 
Swiętokrzyskie (X1 – the number of industrial enter-
prises that implemented innovations (units));

When undertaking calculations, for all voivodeships, in 
addition to the above indicators, the fourth indicator was 
also used, the amount of funding for innovation activities 
per capita (euro) (X4).

It can be instructive to analyse the forecasting results 
in more detail.  In Fig. 3, a visualisation of  the results of 
calculations of impact factors for Kujawsko-Pomorskie 
Voivodeship is presented. To decrease the influence on the 
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Table 1 Indicators for assessing the innovative development of Polish voivodeships 

Indicator
Years

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Kujawsko-Pomorskie Voivodeship

Х1 331 349 329 260 295 304 345 338 458 331

Х2 1943.5 835.2 973.3 1010.9 1170.7 1645.3 1048.9 1109.0 1043.1 1943.5

Х3 15.93 6.76 7.60 7.75 9.09 12.62 8.50 7.66 6.9 15.93

Х4 327.50 197.88 197.65 197.48 339.49 290.98 235.31 265.41 219.07 213.93

Pomorskie Voivodeship

Х1 309 313 214 315 350 315 346 376 553 309

Х2 8332.9 8993.6 9585.0 4395.6 6046.7 3520.4 2298.6 2555.6 2522.8 8332.9

Х3 49.76 47.80 46.85 23.57 31.76 21.01 13.50 13.30 12.2 49.76

Х4 672.9 399.6 318.3 318.7 455.8 462.7 497.5 568.2 503.7 537.7

Swiętokrzyskie Voivodeship

Х1 146 138 164 165 134 123 139 178 178 146

Х2 438.28 446.44 555.14 676.99 378.32 460.57 608.08 730.59 716.9 438.28

Х3 6.25 6.05 6.84 8.20 4.72 5.78 6.77 6.53 5.8 6.25

Х4 134.84 136.30 319.95 319.83 89.39 152.29 120.25 209.79 209.45 209.83
Х1 – the number of industrial enterprises that have implemented innovations, units;
Х2 – the volume of sold innovative products by industrial enterprises, per 1 economically active person, euro;
Х3 – the volume of sold innovative products by industrial enterprises, in% to the total volume of sold industrial products;
Х4 – the amount of funding for innovation, per 1 economically active person, euro
Source: calculated by the authors based on statistical data

Fig. 2 Map of regional differentiation of the integrated index of innovation activity in Poland, 2019; Source: built by the authors

Fig. 3 Visualisation of the results of calculations of impact factors for Kujawsko-Pomorskie Voivodeship; Source: calculated by the authors
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integrated index for Kujawsko-Pomorskie Voivodeship, 
the indicators X2, X3, X1, X4 appear, having the follow-
ing  coefficients  of  influence  KX2  =  0.218;  KX3  =  0.196; 
KX1 = −0.022; KX4 = 0.015.

In Fig. 4,  the results of  the calculated  integrated  indi-
ces for 2010–2019 and its forecast values for Kujawsko-
Pomorskie Voivodeship are presented, taking into con-
sideration the impact of the most  influential  indicator on 
the value of the integrated index. It should be noted that 
in general, and bearing in mind the emphasis on increas-
ing the volume of sold innovative products, changes in the 
average forecast integrated index will increase the average 
integrated index for the forecast period by 0.015.

The average value of the calculated integrated index for 
2010–2019 for Kujawsko-Pomorskie Voivodeship is 0.506, 
while the average value of the projected integrated index 
is 0.535.

The  results  of  the  calculation  of  impact  coefficients 
for Pomeranian Voivodeship were on average as follows: 
KХ3  =  −0.165;  KX2  =  0.152;  KX1  =  −0.036;  KX4  =  0.031. 
Indicators X3, X2, X1, X4 appear in the order of decreas-
ing influence on the integral index.

The result of the projected integrated index of innova-
tion of the Pomorskie Voivodeship by its arithmetic mean 
value for 2020–2030 is 0.855. It should be noted that the 
arithmetic mean of the projected integrated index for the 
Pomeranian  Voivodeship  is  0.869,  which  is  0.014  more 
than the projected value of the integrated index of this 
voivodeship, not considering the impact of the most influ-
ential indicator.

As already mentioned, the authors selected for a more 
detailed assessment of the proposed methodological 
approach  three voivodeships with different values of  the 
integrated  index  and  different  most  influential  indica-
tors.  Calculations  of  impact  factors  for  Swiętokrzyskie 
Voivodeship on average had the following values: 
KХ1  =  −0.078; KХ2  =  0.073; KХ4 = 0.009; KХ3  =  −0.001. 
Indicators Х1, Х2, Х4, Х3 appear in the order of decreas-
ing influence on the integral index.

For  the  Swiętokrzyskie Voivodeship  the  difference  in 
the average value between the integrated indices, taking 
into  consideration  the  influence  of  the  most  influential 
indicator and without is 0.012.

Table 2 presents the calculations according to the pro-
posed methodological approach of the values of the inte-
grated indices selected for the analysis of the Polish 
voivodeships.

Table 3 presents the forecast values of the most influen-
tial indicators and integrated indices of innovative devel-
opment of regions on the example of Polish voivodeships.

The forecasting of the values of the integrated indi-
ces  presented  in  Table  3 was  carried  out  by  forecasting 
the indicators, on whose basis the forecasting of the inte-
grated indices in turn took place. Thus, the proposed 
methodological approach to assessing and forecasting the 
innovative development of regions involves the use of the 
Bartlett method, which provides a rough approximation 
of the forecast indicators and through several iterations 
a more accurate calculation of the forecast values of the 
integrated index of regional innovation. It should be noted 

Fig. 4 Visualisation of the dynamics of the integrated index and its forecast values for Kujawsko-Pomorskie Voivodeship taking into consideration the 
impact of the most influential indicator (2010–2019 - retrospective period, 2020–2030 - forecast period); Source: calculated by the authors

Table 2 The values of the integrated index of innovative development of Polish voivodeships

Voivodeships
Years

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 The average value of the integral index

Kujawsko-Pomorskie 0.507 0.500 0.489 0.494 0.512 0.510 0.514 0.501 0.516 0.513 0.506

Pomorskie 0.857 0.866 0.876 0.885 0.885 0.894 0.894 0.883 0.883 0.882 0.855

Swiętokrzyskie 0.336 0.345 0.345 0.350 0.349 0.349 0.344 0.343 0.343 0.342 0.321
Source: calculated by the authors on the basis of statistical data
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that all calculations were performed using Mathcad soft-
ware, using built-in forecasting functions which have the 
calculation of built-in errors. This also has a positive effect 
on improving the accuracy of forecast values.

5 Conclusions
In this research, the authors proposed a new methodolog-
ical approach that allows researchers to assess and predict 
the innovative development of regions, based on:

• firstly, the correlation analysis for processing the esti-
mated parameters of regional innovation and isola-
tion in the presence of autocorrelation, which allows 
researchers to calculate the value of the integrated 
index of regional innovation;

• secondly, multiple regression to calculate the coeffi-
cients of influence and determine the most influen-
tial indicators on the value of the integrated index 
of the innovative development of regions, as well as 

the use of a tool for modelling the behaviour of the 
system represented by the calculated values of the 
integrated index;

• thirdly, the Bartlett method and simulation for fore-
casting. The application of the Bartlett method in 
forecasting the value of the integrated index allows 
an rough approximation of the forecast estimates, on 
whose basis the forecast of the integrated index takes 
place. As a result of the rough approximation, the ini-
tial approximation is adjusted and the forecast inte-
gral indices are recalculated.

The accuracy of the predicted values is justified by the 
fact that the correlation analysis of the estimated indica-
tors excludes the possibility of functional relationships 
between them and makes it possible to perform reliable 
calculations using multiple regression.

Table 3 The Predicted values of the most influential indicators and integrated indices of the innovative development of Polish voivodeships

Calculated and predicted values
Years

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Kujawsko-Pomorskie Voivodeship

The most influential indicator X2  1125.9 1109.0 1120.3 1122.5 1124.8 1137.2 1147.3 1134.8 1137.6 1126.5 1131.9

Forecast integrated index 0.522 0.535 0.536 0.537 0.538 0.539 0.538 0.54 0.54 0.522 0.54

Pomorskie Voivodeship

The most influential indicator X3  21.08 21.17 21.25 21.36 21.44 21.53 21.61 21.69 21.78 21.88 21.97

Forecast integrated index 0.857 0.866 0.876 0.885 0.885 0.894 0.894 0.883 0.883 0.882 0.881

Swiętokrzyskie Voivodeship

The most influential indicator X1  165 167 169 172 174 176 178 180 183 185 187

Forecast integrated index 0.336 0.345 0.345 0.350 0.349 0.349 0.344 0.343 0.343 0.342 0.330
Х1 – the number of industrial enterprises that have implemented innovations, units;
Х2 – the volume of sold innovative products by industrial enterprises, per 1 economically active person, euro;
Х3 – the volume of sold innovative products by industrial enterprises, in% to the total volume of sold industrial products 
Source: calculated by the authors based on statistical data
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