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Abstract. Issues of digitalizing industrial enterprises and clusters in the formation of Industry 4.0 
garner considerable attention. Here, the discussion is about backbone innovative active industrial 
enterprises, whose appearance is thanks to the evolutionary development of integrated industrial 
structures, and which are able to actively create, introduce, and commercialize innovative products 
and to use all the advantages of industrial automation. The authors attempt to develop a method for 
assessing the digital potential of backbone innovative active industrial clusters. The method is 
developed based on existing methods for and approaches to evaluating the innovation potential of 
industrial clusters and the digital potential of industrial enterprises, and makes it possible to 
calculate a final integral assessment, which includes calculating for each of the seven sub-potentials 
the parameters identified by experts to be important. In order to confirm the validity of the obtained 
results, the calculation is carried out using three methods: arithmetic mean, harmonic mean, and 
weighted geometric mean. The suggested method was successfully tested on the example cluster 
“Development of information technologies, radio electronics, instrumentation, communication and 
info-telecommunication devices of St. Petersburg.“ 
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1. Introduction 

The current era of economic development has seen digital technology and the internet 
significantly transform many manufacturing, logistical, and technological business 
processes, models and structures. Below is a brief review of publications on the research 
topic. 

Several authors have examined the role of the development of information technology 
in forming so-called Enterprise 4.0, whose activities are based on the active use of 
digitalization tools (Moreira et al., 2018). Some works pay special attention to the issues of 
forming a regional innovation environment, where the questions of developing an ICT 
sphere play just as important of a role (Rodionov and Rudskaya, 2017). These authors note 
the importance of issues regarding management in the structure of a synergistic paradigm, 
which, in turn, are necessary for creating sustainable organizational and economic systems 
for managing the innovative and digital potential of industrial enterprises and clusters 
(Babkin et al., 2017). 
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Works addressing these issues as they relate to the service sector include, for example, 
research dedicated to the development of the tourism industry and tourism clusters looking 
at issues of developing a sharing economy in the structure of urban tourism (Mamrayeva 
and Tashenova, 2017). Prior research also points out the importance of using digital tools 
when forming effective marketing channels for promoting the goods and services of small 
and medium businesses (Taiminen and Karjaluoto, 2015; Rahmatin et al., 2018). 

Certainly, the development of a worldwide digital economy has led to the creation of 
an array of information dedicated to various areas of science addressing related problems. 
For example, in one of his works Bataev analyzes the stages of making and developing a 
digital economy (Bataev, 2018). A report from the United Nations Conference on Trade and 
Development, presented in 2019 and dedicated to the main aspects of developing a digital 
economy, notes the opportunity countries have to use digital data and platforms (UNCTAD, 
2019). The work “Industry 4.0: Building the Digital Enterprise” examines promising 
opportunities for building digital enterprises in conditions referred to as the Fourth 
Industrial Revolution (Industry 4.0) (Geisbauer et al., 2016). Similar scientific aspects are 
also reflected in other several scientific works (Bazzoun, 2019; Sutherland and Jarrahi, 
2018). 

In recent years, research has tackled aspects of technological modeling of the 
manufacturing process, resource planning of a business based on the wide use of computer 
technology, cloud storage, and the Internet of Things (Mourtzis et al., 2015). Other scientists 
have paid special attention to the industrial Internet of Things and, as a whole, issues of 
digital transformation, while a certain emphasis has been placed on the barriers that can 
prevent effective informatization and creating Nature 5.0 (Berawi, 2020). Other work takes 
a broad look at promising areas for introducing and using blockchain technology, as well as 
problems on the road to the automatization and digitalization of manufacturing, including 
for industrial enterprises (Babkin et al., 2018; Kudryavtseva et al., 2020). It is important to 
note that the use of digital tools has been studied not only in the manufacturing activities of 
industrial enterprises, but also in logistics, marketing (Semenov et al., 2018; Karjaluoto et 
al., 2015), design (Davies, 2015; Demidenko et al., 2018), in reaching target indicators and 
key business goals (Nylén and Holmström, 2015), and in building effective digital business 
strategies able to function in the conditions of Industry 4.0 (Bharadwaj et al., 2013). The 
formation of integrated structures, including the industrial clusters presented here, is the 
result of many economic transformations and an understanding of the role of such kinds of 
associations from the management side of industrial enterprises (Novikov and Babkin, 
2014). The concept of a cluster was first introduced by M. Porter, who defined the term 
“cluster” as a “group of geographically adjacent interactive companies and the organizations 
relating to them, acting in a specific field and complementing each other” (Porter, 1998). 

In general, a “backbone innovative active industrial cluster” (BIAIC) is defined as follows: 
“This is a group of economic subjects of various areas of activity (research, engineering, 
manufacturing, and others), developing, possessing, and putting into practice globally 
competitive technology, based on which systematic inter-sectoral (or, at the very least, 
sectoral) development is ensured, which allows the goals given above to be achieved by 
using already existing and introduced digital information platforms, transitioning to new 
models and forms of conducting business and effectively using innovation projects not 
taken separately but combined in a way effective for the economy, including the sector, 
region and cluster” (Tashenova and Babkin, 2017; Babkin and Tashenova, 2019). 

Taking into account the specifics of cluster activities of this kind (operating on digital 
platforms with active use of various digital tools), the issue of evaluating its digital potential 
becomes especially relevant. It is important to note that the digital potential of BIAIC should 
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be understood as “the combined total of various sub-potentials (logistical, scientific, 
organizational and managerial, infrastructure, financial and economic, staff, and 
information and telecommunications), which should reflect two aspects of cluster activity: 
its possibility and capacity” (Babkin and Tashenova, 2020a). 

At the same time, other authors of scientific articles have evaluated some criteria 
differently, or assessed the digital potential of individual industrial enterprises or industrial 
organizations, but not integrated structures such as the presented clusters (Kozlov and 
Teslya, 2019). 

Some authors define digital potential as “the combined total of the data itself, software, 
and technical devices for its storage and processing and for the personnel using this data 
for management” (Popov and Semyachkov, 2017). 

Several articles do not give a clear definition of the concept of “digital potential.” In a 
2017 article, however, Kovalchuk and Alekseev write that they understand it as the 
“assessment monitoring of the indicators of a digital infrastructure and the general 
structural trends of geolocations” (Kovalchuk and Alekseev, 2017). Yet other researchers 
consider digital potential in terms of the most important component for the development 
of the world’s regions, particularly Europe (these authors also point out that Europe 
realizes only 12% of its digital potential) (Bughin et al., 2016).  

The lack of a methodological base determines the need to create a complex quantitative 
methodology to assess the level of digital potential (DP) of BIAICs based on a selection of 
various methods, tools, techniques, procedures, and operations. In our earlier studies it was 
noted that we had not identified any works dedicated to and directly related to the method 
of assessing the DP of BIAICs; at the same time, a significant number of publications were 
discovered which were focused on determining the level of innovation potential of 
industrial enterprises (Babkin et al., 2013; Konkina et al., 2019). 

Our methodology for assessing the digital potential of a backbone innovative active 
industrial cluster is developed based on an understanding of the unique features of using a 
specific set of methods, combination of stages, and algorithms for evaluating digital 
potential. Thus, it is important to note the specifics of the research object in question: the 
digital potential, appearance, and measurement of which are complex and multi-faceted in 
nature. Consequently, based on the assessment of the DP of a backbone innovative active 
industrial cluster, the authors propose using an aggregate of seven sub-potentials, including 
75 parameters (at the initial stage; and 32 parameters after conducting an expert evaluation 
and checking it according to the reliability criterion) (Babkin et al., 2019). 
 
2. Methods 

In the studies we have conducted to assess digital potential, we have substantiated the 
use of two types of methods: the method of expert evaluation and mathematical statistics. 
Our previous articles, which can be found in the list of references, have already partially 
presented the methods that we use in the framework of this scientific article (Babkin and 
Tashenova, 2020b). The use of these methods was due to the peculiarities of the object and 
the research procedure. 

2.1.  Method of Expert Evaluation when Selecting the Most Important Parameters to Include 
in the Sub-potentials 
 Taking into account the lack of research into the digital potential of BIAICs, the 
researchers and experts required a significant amount of time to become familiar with each 
of the factors and to identify its importance within each sub-potential, since it was 
necessary to determine, with consideration of the specifics of the economic phenomenon 
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being studied, what in fact has/may have significant impact on the amount of digital 
potential, especially in the framework of an integrated structure represented by a backbone 
innovative active industrial cluster. 

A brief characterization of the expert survey conducted follows: 
1. period of survey: July-September 2019; 
2. number of experts surveyed: 40 people – scientists (university teaching staff, 

representatives of research institutes, consulting companies), representatives of 
state structures, clusters, St. Petersburg Center of Cluster Development; 

3. for the research, a standardized questionnaire was used, where each parameter 
was given a point on a scale from 1 to 10; 

4. the questionnaire was presented both in paper form (distributed “in person”) and 
as an online form created in the program Google Forms (sent out among a specific 
circle of experts as an internet link).  

Experts were asked to rank the factors using the following scale: “insignificant,” “hardly 
significant,” “factors bearing significance,” and “very significant factors.” Next, the ranges for 
evaluation were determined, both for each of the sub-potentials and for overall potential 
(Table 1). The evaluation step was 1.21; it was calculated according to Equation 1: 

        (1)
 

where n
 
is the number of assessment levels (in this case n = 4). 

 
Table 1 Consolidated table of assessment levels based on the analysis of the steps and 
ranges of evaluations in terms of the sub-potentials 

Assessment level Range (evaluation step – 1.22) 

Level 1: Insignificant factors 4.63 ≤ x ≤ 5.85 

Level 2: Hardly significant factors 5.86 ≤ x ≤ 7.08 

Level 3: Factors bearing 
significance (but minor) 

7.09 ≤ x ≤ 8.31 

Level 4: Very significant factors 8.32 ≤ x ≤ 9.54 

 
 Next, by using the identified ranges, 32 parameters were obtained for the 7 sub-
potentials that best reflect the essence of the complex approach used in this work. 

2.2. Methods of Mathematical Statistics, Particularly Kendall’s Concordance Coefficient, 
were Used to Confirm the Reliability of the Obtained Results (Kendall, 2008; Lani, 2010) 
 This coefficient helps determine the degree of expert agreement when making an 
evaluation. The general formula for calculating the coefficient is: 

       
𝑊 =

12𝑆

𝑚2(𝑛3−𝑛) (2)
 

where m is the number of experts in the groups; n is the number of factors; and S is the sum 
of squared differences of ratings. 

At the same time, it should be mentioned that if W < 0.3 then the agreement of the 
opinions of the experts presented in the research is unsatisfactory; when 0.3 < W < 0.7 the 
agreement is average; and if the calculated Kendall’s coefficient exceeds a value of 0.7, then 
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there is a high level of agreement among the experts. Results can be taken into account from 
W values of 0.4 and up. 

In this work, Kendall’s coefficient was calculated using the program Statistica 6.0. 
During the final stage, the function "Friedman ANOVA Kendall’s concordance” was used to 
obtain the value of the desired Kendall’s concordance coefficient, which in this case is equal 
to 0.5, which means an average agreement of expert opinion. 
 
3. Results and Discussion 

Within the proposed method, the authors further determined the methods for 
calculating and obtaining any indicators within the sub-potentials. 

The next stages of the method for assessing the DP of a BIAIC are looked at below: 
 Bringing the obtained values to a single system of measurement. The process is carried 

out by dividing the practically obtained indicator by the reference value. In this way, 
relative values independent of the units of measurement are obtained. 

 Determining the weighting factors. In the opinion of the authors, the optimal option for 
determining the weighting factors for sub-potentials at this step is to use Fishburne’s 
formula (Keller and Warwick, 1997; Kotz et al., 2006) with the following equation: 

 

𝐶𝑗 =
2(𝑦−𝑗+1)

𝑦(𝑦+1)
 

(3) 

where y is the number of analyzed sub-potentials and j is the number (ranking) of the sub-
potential. 

By using the obtained formula, as well as the results of expert evaluations obtained 
during the research, the following weighting factors were calculated: Financial and 
economic: 0.25; Information and telecommunications: 0.21; Staff: 0.18; Scientific: 0.14; 
Infrastructure: 0.11; Logistical: 0.07; Organizational and managerial: 0.04. 
 Calculation of the integral indicator for each of the sub-potentials in consideration of the 

weighting factors obtained earlier (based on expert interviews). The integral indicator 
for each of the sub-potentials can be calculated using the equation: 

  

(4) 

where Gj is the integral indicator of the sub-potential;
 
αij is the relative values forming the 

sub-potential; and m
 
is the sum of the relative values included in the sub-potential. 

 Calculation of the total integral indicator of the digital potential of the backbone 
innovative active industrial cluster, which is the weighted average of the integral 
indicators for each group of sub-potentials included in the evaluation. Three models of 
calculation are considered optimal: 

1) by using the weighted arithmetic mean: 

 

𝐺 = ∑ 𝐺𝑗 ∗ 𝛽𝑗
𝑚
𝑗=1

 

(5) 

where Gj is the integral indicator of the j-th group of criteria of the chosen sub-potentials; βj 
is the weight of the j-th group of indicators within the blocks of sub-potentials; and m is the 
number of groups/blocks of sub-potentials with indicators. 

The formula for calculating the total integral indicator in consideration of the identified 
sub-potentials has the following form: 

 

𝐺𝐷𝑃_𝐵𝐼𝐴𝐼𝐶 = 𝐺1𝛽1 + 𝐺2𝛽2 + 𝐺3𝛽3 + 𝐺4𝛽4 + 𝐺5𝛽5 + 𝐺6𝛽6 + 𝐺7𝛽7
 

(6) 

where G1 is the financial and economic sub-potential; G2 is the information and 

m
G

m

j
j

j





1
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telecommunications sub-potential; G3 is the staff sub-potential; G4 is the scientific sub-
potential; G5 is the infrastructure sub-potential; G6 is the logistical sub-potential; and G7 is 
the organizational and managerial sub-potential. 

Taking into account the weighting factors calculated for the sub-potentials, the formula 
takes the following equation: 

 

𝐺DP_BIAIC_1 = 0.07𝐺1 + 0.25𝐺2 + 0.14𝐺3 + 0.04𝐺4 + 0.18𝐺5 + 0.21𝐺6 + 0.11𝐺7
 

(7) 

2) by using the weighted geometric mean (where the calculation of the integral indicator of 
the j-th group of criteria of the selected sub-potentials is based on Equation 5): 

 

𝐺DP_BIAIC_2 = √𝐺1
0,07 ∗ 𝐺2

0,25 ∗ 𝐺3
0,14 ∗ 𝐺4

0,04 ∗ 𝐺5
0,18 ∗ 𝐺6

0,21 ∗ 𝐺7
0,11

 

(8) 

3) by applying the formula for calculating the weighted harmonic mean (where, as in case 2, 
the calculation of the integral indicator of the j-th group is also based on Equation 5): 

 

𝐺DP_BIAIC_3 =
1

0,07

𝐺1
+
0,25

𝐺2
+
0,14

𝐺3
+
0,04

𝐺4
+
0,18

𝐺5
+
0,21

𝐺6
+
0,11

𝐺7  

(9) 

Based on the resulting evaluation, the level of the digital potential of a backbone 
innovative active industrial cluster is determined. 

It is proposed to “spread” the obtained results for the calculations of the total integral 
evaluations using Harrington’s scale, focusing only directly on the subject of research: very 
high DP (0.81-1.0); high DP (0.64-0.8); above-average DP (0.37-0.63); average DP (0.2-
0.36); low / no DP (0.0 – 0.19). 

The final stage is the development of recommendations for increasing / maintaining the 
level of digital potential of BIAICs. At this stage it seems possible to develop a plan of action 
aimed at increasing the DP level, or at maintaining it if the BIAIC has a very high level of 
digital potential. 

In general, the method for evaluating the digital potential of a backbone innovative 
active industrial cluster is presented in Figure 1. 

The method developed by the authors for evaluating the DP of BIAIC is complete and 
complex. This method was successfully tested on the example of the cluster “Development 
of information technology, radio electronics, instrumentation, communication, and info 
telecommunication devices of St. Petersburg.” The calculated values of the integral values 
for the sub-potentials of the analyzed cluster are as follows: “Logistical” – 0.21; “Financial 
and economic” – 0.71; “Scientific” – 0.52; “Organizational and managerial” – 0.47; “Staff” – 
0.36; “Information and telecommunications” – 0.93; “Infrastructure" – 0.95. 

In the opinion of the authors, identification of the infrastructure potential is explained 
by the organizational component of a BIAIC; at the same time, the importance of the sub-
potential “Information and telecommunications” is dictated by the specifics of the cluster 
itself: in this case, the backbone cluster, where the use of ICT tools and digital platforms 
determines the peculiarities of how industrial clusters of this kind operate and also 
significantly impacts the formation and future development of their digital potential. 

Next, the final integral indicator of the DP of the BIAIC is calculated using the weighted 
arithmetic mean 0.65 (High DP); using the weighted geometric mean 0.77 (High DP); and 
using the weighted harmonic mean 0.53 (Above-average DP). 

It is important to note that the two calculated indicators fall within the “High DP” range 
identified above (0.64-0.79) according to a modernized Harrington’s scale. 

Thus, it can be noted that the method developed by the authors for evaluating the 
digital potential of a backbone innovative active industrial cluster works without any gross 
errors or mistakes. 
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Figure 1 Method for evaluating the digital potential of a backbone innovative active industrial 
cluster 
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4. Conclusions 

The method presented here allows for an evaluation of the current digital potential of 
a backbone innovative active industrial cluster; at the same time, it seems practically 
impossible and, in the authors’ opinion, incorrect to make assessments for the long term, 
since the digital component of the activity of any industrial enterprise, and all the more that 
of a complex integrated structure, is subject to frequent changes due to the development, 
constant improvement, and appearance of new digitalization tools, again underlining the 
need to reexamine the components of digital potential within specific time periods. 

It is important to mention that the evidence on the current state of the digital potential 
of BIAICs basing their activities on digital platforms is, practically, one of the keys to forming 
the right set of management solutions. 
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