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Abstract

:

The construction industry is high-tech and is one of the key areas for the strategic development of regions in terms of their digitalization. The construction complex provides regions with infrastructure of various levels from design documentation to commissioning, as well as reconstruction and major repairs of buildings. The article adopts an isolated regional approach, which is due to the need to assess specific territories by the level of readiness for digitalization of the construction complex. The purpose of the research is to determine the level of readiness of Russian regions for the digitalization of the construction complex by forming a rating of regions according to the indicator “the level of readiness of the region for digitalization of the construction complex”. To build the rating, the fuzzy sets method was applied using a triangular membership function, which allows to describe the influence of various processes on the formation of digitalization processes in the construction complex of the region. When forming the rating, a scale of fuzzy variable values is set which allows one to classify regions by levels, namely very low, low, medium, high, and very high. The generated rating is illustrated according to the specified scale. Based on the rating, the leading regions and outsider regions are identified by the formed indicator. It was determined that Moscow and Saint Petersburg are highly prepared for the digitalization of their construction complexes, and 53 regions of Russia are potentially prepared. In the future, it will be possible to create a rating of Russian regions on the level of readiness for digitalization of the construction complex with a two-year lag. Then, using the DEA shell analysis method, a quantitative assessment will be carried out that allows you to form performance boundaries and, against the background of four years, adjust the data to identify the most realistic picture. Also, the rating methodology considered by the authors allows us to scale this research to the international level, which will allow us to assess the level of digital development of construction complexes in other countries. The proposed rating algorithm is suitable for other sectors and complexes of the economy. It is enough to determine the main aggregate indicator and select groups of factors.
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1. Introduction


The systematic development of Russian federal subjects can be ensured by developing the construction industry at the regional level, since this industry has a horizontal structure that ensures the operation of other sectors and complexes of the national economy. It is important to take into consideration the concept of the construction complex when studying the regional level of infrastructure development. To define the essence of the construction complex, which includes the construction companies and organizations of a specific region, it should be understood that it provides the region with infrastructure at various levels—from design documentation to commissioning, as well as reconstruction and the major renovation of buildings. The regional construction complex is oriented towards strategic, territorial, and systematic industrial development consistent with modern trends [1,2]. Note that the construction industry is high-tech [3,4,5], and therefore the digital development of the construction complex at the regional level is quite promising.



According to the current trends and state policy of the Russian Federation [6,7], the implementation of regional digital development at the industry level is quite relevant, including, for the purpose of this study, the digital processes of the regional construction complex. At the international level, a series of ISO 19650 standards has been adopted, which is the basis for BIM, but for the territory of the Russian Federation, ISO 19650 is not dominant. The regulatory framework for BIM in Russia is just beginning to take shape. Currently, the following regulatory and technical documents have been developed and approved on the territory of the Russian Federation to ensure the implementation of information modeling technologies in construction at the state level: (1) GOST R 57310-2016 (ISO 29481-1:2010); (2) GOST R 57563-2017 (ISO/TS 12911: 2012); (3) GOST R 57311-2016; (4) GOST R 57309-2016 (ISO 16354: 2013); (5) GOST R 12006-2-2017 (ISO 12006-2: 2015); (6) GOST R 12006-3-2017 (ISO 12006-3: 2007); (7) GOST R ISO 22263-2017 (ISO 22263:2008); (8) SP 301.1325800.2017; (9) SP 333; (10) SP 328; (11) SP 331, etc.



The development of digital processes in the construction complex can be analyzed through the degree of knowledge and application of building information modeling (BIM) technology. Currently, BIM is one of the leading methods of digitalization, which is reflected in the works of such researchers as: Heigermoser D., Oraee M., Al-Saeed Y., Chen K., Chan D. W., and others [8,9,10,11,12]. So, BIM is considered as an interconnected step-by-step basis for creating digital duplicates of constructed objects. Also, BIM can be included in the basis of digital development of the construction industry, when viewed through the prism of the construction complex. This approach will allow regulating the organization of construction production at the regional level and then at the Federal level, including upgrading the established management system. According to a 2017 survey of the level of BIM development in Russia conducted by Concurator [13] and involving 190 respondents, it was found out that 31% of respondents had been using BIM for more than five years, 17% for 3–5 years, 31% for 1–3 years, and 21% for less than a year.



The widespread implementation of new technologies is a process that allows new ideas, approaches, and practices to be transferred from the source of their initiation to the consumer, be it an individual user, a company, a city, or a region. The impact of digital evolution is also spreading at the industry level. Diffusion of innovations is a key theoretical paradigm that explains the complex process of gradual penetration and spread of innovations within industrial sectors and in the consumer market over time [14].



Construction is a complex process that can be represented as a function that depends on the influence of many variables. These can be various internal and external factors that affect the result and the final product to varying degrees [15]. Deviations from the specified parameters can lead to an increase in the cost and construction time. Therefore, it is necessary to apply such technology that would allow for the achievement of all the goals of the construction project within the established budget and on time. BIM is such a technology [8,9,10,11,12,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32].



Thanks to the digital evolution approach, digital technologies provide the necessary development model and improved organizational changes in the construction industry, which is currently at the stage of automation, artificial intelligence, machine learning, and innovations [33,34]. The sharing of new technologies boosts decision-making, streamlines workflows, and helps to avoid repetitive tasks and errors. This fact is substantiated by a review of scientific works by Russian and foreign authors [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32] who address different aspects of digital processes in construction operations and BIM technology. Aziz D. et al., Dinga L.Y. et al., Parka J.W. et al., Zoua Y. et al. in [16,17,18,19], much attention is paid to the development and implementation of BIM technology in investment and construction projects, as well as the development of BIM technology in alternative areas of everyday life. The authors of [20,21,22,23,24,25] consider different dangers in the construction industry and propose to evaluate various risks that are already at the design stage, using a 3D model of the future project, creating an algorithm that allows one to analyze new threats and warn participants of the future construction project. Zhang S. et al. and Vacharapoom Benjaoran et al. in [26,27], BIM technologies are considered in the process of urban planning, when the use of these technologies can stimulate the development of the city cadaster. Romanovich M.A. and Sakhtereva M.I. in [28], the authors discuss the use of BIM technology in the reconstruction of underground complexes, namely metro stations. The correct organization of all construction processes during the reconstruction of this type of structure is unique and complex in design, and reconstruction is one of the main tasks. Vakhrusheva S. et al. in [29], the issue of developing an information model for a cultural heritage object is considered. However, it should be noted that at present, BIM technologies are used much less in reconstruction projects than in the case of new construction. This is due, among other things, to the lack of the necessary experience in organizing work, the projects’ complexity, and the lack of methods and recommendations for planning work production processes using BIM technology. In joint international construction projects, the use of cloud platforms (CDE—common data environment) comes first [30]. BIM technology provides all the means to realize the possibility of collaboration. However, as a rule, before starting a joint international project, a number of important issues need to be resolved, such as the distribution of roles and responsibilities between the participants in the construction project, various forms of access and interaction with the BIM model, the delivery schedule, and coordination between various sections of the project, for example, identification of collisions between the architectural model and engineering networks. Achieving the maximum result for all participants in construction projects is possible in the case of an objective assessment of the capabilities and potential of the participants, identification of strengths and weaknesses, and the development of a general methodology for working on the project, including the establishment of specific links between the participants.



The analysis of scientific literature and publications on the implementation of BIM technologies shows the relevance of the development of this direction, as well as the positive economic effects. BIM implementation has been extensively researched by several international authors, namely Succar B. and Kassem M. [35,36]. These authors review the implementation of Marco BIM [35]. The article presents five conceptual models for evaluating the macro-implementation of BIM in all markets and informing the development of a BIM implementation policy. Kassem M. and Succar B. in [36], the authors consider: (1) how these models are tested by collecting data from 99 experts from 21 countries using the survey tool; (2) highlight commonalities and differences between sample countries regarding BIM implementation; (3) introduces examples of tools and templates for developing or calibrating a BIM implementation policy. In particular, Kassem M. and Succar B. in [36], Russia is one of the markets of the second study. Other authors emphasize the effectiveness of BIM in calendar planning [31], in the assessment of labor protection [32], and in the cost estimation of construction of buildings and structures.



The conducted analysis of scientific works showed a high level of coverage of digital processes in construction operations, with various aspects of BIM development and digital optimization of the construction process studied and examined. Taking into account the review of modern scientific works, including the Marco BIM methodology proposed by Succar B. and Kassem M., the authors of this study believe that the proposal of a slightly different methodology for ranking territories using a mathematical model based on the linguistic values of variables will make a significant contribution to the assessment of BIM development at the regional level. It will be possible to determine the level of readiness of regions for digitalization of the construction complex.



Determining an effective strategy and drafting a long-term plan for the development of the construction industry in a region is possible by formulating indicators for a comprehensive assessment of the level of digitalization according to different parameters. This paper aims to formulate an approach to the assessment of regions in terms of individual factors that form a single indicator. Thus, the purpose of this study was to determine the level of preparedness of Russian regions for the digitalization of the construction complex by ranking regions according to the indicator of “the level of preparedness of the region for the digitalization of the construction complex”. To this end, it is necessary: (1) to form groups included in the proposed indicator and to select indicators for these groups; (2) to calculate the proposed indicator through the example of Saint Petersburg; (3) to rank Russian regions using the proposed indicator, dividing the regions into groups according to their development level. Russian regions are the object of the study, and digitalization of the construction complex is the subject.



The article adopts an isolated regional approach, which is due to the need to assess specific territories by the level of readiness for digitalization of the construction complex. For a more accurate evaluation areas, the article examines the activities of business units, directly located on the particular subject that will allow to assess the current regional situation. Focusing on the Russian construction operation, we note that most enterprises are based in the territory of one region, sometimes the activity extends to adjacent regions, and less often to Federal districts and the country.



To systematize understanding about the readiness of territories to the digitalization of the construction complex, in this study it is necessary to analyze the components forming the digital potential of the building complex, and to form an aggregated index for its evaluation. The study attempts to form a universal methodology for rating industries and complexes, which will allow us to scale this research in the future. Investigating the digitalization of the construction complex in the regions of Russia, the authors raise the following questions: How prepared are Russian regions for the digital transformation of the construction sector? Which regions are potentially prepared for this transformation? Which regions are less prepared? Which regions are not prepared for industrial digitalization? It is assumed that the resulting rating of the level of preparedness of Russian regions for the digitalization of the construction complex will help to identify leaders and outsiders. To assess the impact of industry digitalization at the international level, this study will provide answers to such important questions as: will the results of this study be applicable to scale the methodology considered to other industries and complexes? Will it be possible to conduct similar studies to identify the level of digitalization of the construction complex in other countries?




2. Materials and Methods


2.1. Definitions and Research Methodology


In order to study the relevance of BIM technologies to the territory of the Russian Federation, we must first define the essence of the concept of BIM. BIM is a process that creates, develops, and improves a building’s information model at each stage design. BIM also provides information that is suitable for computer processing regarding a planned or already existing construction object, which: (1) is coordinated, interconnected, and consistent; (2) has a geometric reference; (3) allows for necessary updates; (4) can be used for calculation and analysis [37] (p. 76).



We analyzed data from the Google search engine for the search queries “BIM” and “BIM technologies” (hereafter, we consider these abbreviations as equivalent concepts) for the period from 1 January.2017 to 29 May 2020 and determined that they were, on average, popular and very popular, respectively (see Figure 1a,b) [38]. In Figure 1, the numbers indicate the level of interest in the topic relative to the highest value for the territory and the time period. One hundred points indicates the highest level of popularity of the query, 50 points stands for a level of popularity that is half as high, and 0 points marks an area with not enough data on the given query.



Popularity of the “BIM” query by region was distributed as follows: Moscow (100 points), Saint Petersburg (88 points), Tula region (52 points), Sverdlovsk region (52 points), and Tyumen region (49 points). For the search query “BIM technology”, high popularity was registered only in Moscow, with 100 points, while in other regions there were insufficient data for this query. Therefore, it is assumed that in these regions, the expected level of preparedness for the digitalization of the construction complex will be higher than in other federal subjects.



In accordance with the purpose of the study, it is necessary to determine the methodology for forming the rating of the subjects of the Russian Federation for the indicator “the level of readiness of regions for digitalization of the construction complex”. For example, the fuzzy set method can be used to rank regions. This method was first proposed in 1965 by Lotfi Zadeh in his article “Fuzzy sets” [39] and further elaborated by other authors in subsequent studies [40,41,42,43,44]. The fuzzy set method can be used to describe how variables take on linguistic values with a specific set of components   Ω =   x , T , D    , where: x is the variable name; T is the term set or set of values; D is the range of definition.



The application of fuzzy set theory means the following [40,41,42,43,44]:




	
The expert builds a linguistic variable with its own term set of values (T). For example, for school: very low, low, medium, high, very high.



	
To structurally describe the linguistic variable, the expert chooses its corresponding quantitative feature.



	
The expert compares the function of belonging to a particular fuzzy subset for each value of a linguistic variable. Membership functions can be represented as piecewise linear functions, which are convenient to apply in practice since they have an analytical representation in the form of a mathematical function. These membership functions include triangular functions (I), trapezoidal functions (II), Z-shaped functions (III), and S-shaped functions (IV) (Table 1).








If a linguistic variable is described in the way described earlier, it can be used in the appropriate methods and operations.




2.2. Method of Use


To solve the economic problem, this paper uses the triangular membership function, which makes it possible to describe how certain processes affect the formation of digitalization processes in the construction complex of a region. Triangular membership functions are sufficiently accurate in the description of economic processes. When describing processes, it is convenient to describe   μ ( x )   triangular membership functions using triangular numbers of the type   β    a 1  ,    a 2  ,    a 3     , where: a1 and a3 are the abscissas of the lower base; a2 is the abscissa of the upper point of the triangle, which defines   μ ( x )   in the area with non-zero membership of support x to the corresponding fuzzy subset. When building the mathematical model, the authors followed the following logical steps:




	
Introducing the developed linguistic variable designating the “level of preparedness of the Russian region for the digitalization of the construction complex (Y)”; developing a scale for the assessment of the level of the proposed indicator.



	
Selecting Xi factors for Yi groups. You need to create groups (orientation blocks) that affect the aggregated indicator being formed (see step 1). Next, you need to make a selection of those factors that serve as the basis of the orientation blocks 1-n.



	
Determining the range of definition for the factors, sets of values, and triangular numbers. This means that factors are ranked by a triangular function in a given range. For example, if the ranking is based on a factor that determines the level of Gross regional product (GRP), then the values of this factor are filtered from a lower value to a higher value in accordance with the territory of the subject of the Federation. Next is the minimum, maximum, and average value. In accordance with the specified number of rating ranks, on the scale of fuzzy values of variables Y, formed according to step 1, the factor is normalized within the rank by T numbers. Therefore, the domain of determining the set of values and triangular numbers for this factor is formed.



	
Normalizing Xi factors by group using the formula:


   X n  =    X i  −  X ¯     X ¯     



(1)







	
Building a matrix of Xi factors after normalization by determining the level of their importance. Factors are classified according to Table 2.



	
Calculating the aggregate indicator within each group (Y1, Y2, Y3, Y4). This indicator for each group is necessary for factor convolution, which will allow you to form aggregated indicators for groups (Y1, Y2, Y3, Y4). To calculate this indicator, the following formula is needed:


  Y =   ∑  j = 1  5    y j      ∑  i = 1  N    r i   λ  i j      



(2)




where λij is determined from the table-matrix of factor values (Stage 5); yj refers to nodal points of triangular numbers, which are calculated using the formula:


   y j  = 0.833 − 0.167 ⋅   j − 1    



(3)




where j is the number of the column λ.



	
Forming a single Y indicator using the weighting factors (ri) assigned to the formed groups. For the classification of the aggregated indicator for the groups, Table 3 is needed.








The fuzzy set method makes it possible to evaluate models and can be applied to the formation of a consolidated aggregate indicator, “the level of readiness of the region for digitalization of the construction complex”, as well as to the formation of a rating for the subjects of the Russian Federation for this indicator.





3. Results and Discussion


To assess the level of preparedness of regions for digitalization of the construction complex, it is necessary to select factors in accordance with the following groups: “Socio-economic conditions for industrial digitalization” (Y1); “Development of science and innovation in the regions” (Y2); “Development of the regional construction complex” (Y3); “Development of digital technologies in the regions” (Y4) (Figure 2). Quantitative and qualitative indicators were selected as factors for the model. These were obtained from the database of the Federal State Statistics Service [45], publications of rating agencies [46,47,48,49,50], and analytical centers and organizations [13,51,52]. Quantitative data were collected in the article for all indicators for 2017. The choice of the period is due to the fact that in official sources [45], such indicators as “Gross regional product (GRP) for construction, %” have not yet been updated. As the state statistics database is updated, the second iteration of this study will be carried out with a time lag of two years. The formation of the aggregate indicator (Y) by means of the formed groups is schematically presented in Figure 2, including the sample of factors. Each group (Y1, Y2, Y3, Y4) was assigned a weighting factor ri = 0.25, since the groups have the same effect on the developed indicator Y as this sample of factors.



To classify the developed aggregated indicator Y, the authors suggest using a 5-level scale, where level 1 stands for very low [0.000; 0.333] and level 5 for very high [0.667; 1.000] (Table 4).



The levels proposed in Table 4 can be described as follows:



First level: The level of socio-economic development in the examined region is low. Scientific, technological, and innovative development is practically absent; therefore, the basis for industrial digitalization has not been formed. The current state and level of the development of the construction complex in the region are considered a threat to its further socio-economic development. New construction works are practically non-existent, the flow of investment in the industry does not allow for proper development, and employment is low. Infrastructure development is virtually non-existent. BIM is not used. Regions in this group are not prepared for digitalization of the construction complex.



Second level: The level of socio-economic development in the examined region is below average compared to other Russian regions. Scientific, technological, and innovative development is present but weak. The current state and level of development of the construction complex in the region are considered satisfactory, which means that it is difficult to maintain the existing level of socio-economic development. New construction works are practically non-existent, the flow of investment in the industry does not allow for proper development, and employment is low. Infrastructure development is limited. BIM is practically not used. Regions in this group are not prepared for digitalization of the construction complex.



Third level: The level of socio-economic development in the examined region is average compared to other Russian regions. Scientific, technological, and innovative development in the region is present but average. The current state and level of development of the construction complex in the region are considered average. New construction works are present in the region, the flow of investment in the industry partially allows for industrial development, and employment is average. Infrastructure development remains at the same level. BIM is used by a minor number of construction organizations. Regions in this group can be considered as potentially prepared for digitalization of the construction complex.



Fourth level: The level of socio-economic development in the examined region is above average compared to other Russian regions. Scientific, technological, and innovative development in the region is rather high. The current state and level of development of the construction complex in the region are considered above average. New construction works are present in the region, the flow of investment in the industry allows for industrial development, and employment is above average. Infrastructure development is possible. BIM is used by a minor number of construction organizations. Regions in this group can be considered as potentially prepared for digitalization of the construction complex.



Fifth level: The level of socio-economic development in the examined region is high compared to other Russian regions. Scientific, technological, and innovative development in the region is high. The current state and level of development of the construction complex in the region are considered high. New construction works are present in the region, the flow of investment in the industry allows for industrial development, and employment is high. Infrastructure development is at a high level. BIM is used by many construction organizations. Regions in this group are considered as prepared for digitalization of the construction complex.



As an example, let us calculate the aggregate indicator Y for the city of Saint Petersburg, with a detailed algorithm for the group “Socio-economic conditions for industrial digitalization (Y1)”. We shall conduct an analysis that would allow us to form the Y1 indicator in accordance with the stages established by the methodology.



Stage 1: The linguistic variable Y1 “Socio-economic conditions for industrial digitalization in Saint Petersburg” was introduced. The resulting scale of fuzzy values of the introduced linguistic variable (Y1) was similar to the scale presented in Table 4.



Stage 2: During the calculation, we collected quantitative (statistical data [45]) and qualitative (ratings [46,51] and index [47]) factors X1…X4 for 2017, which were characterized by the following values: X1 = 0.936; X2 = 4.5%; X3 = 33; X4 = 2.



Stage 3: An interval selection from the minimum value to the maximum serves as a range of definition for the factors, sets of values, and triangular numbers of the linguistic variable (Y1) (Table 5). Note that for factor X4, the range of definition has an inverse interval, i.e., from the maximum value to the minimum, since this indicator is a rating and the maximum level of socio-economic development of the federal subject corresponds to a value of 1 and the minimum to 85.



Stage 4: When the factors were normalized using Formula (1), the following values were obtained: X1 = 0.630; X2 = −0.5; X3 = 0.245; X4 = 0.953. Table 6 contains a matrix of values for factors X1…X4 and their significance level riY1 = 0.25 (stage 5); the range of values is from −1.000 to 1.000 (see Table 5, T-numbers).



According to the aggregate indicator calculated using Formulas (2) and (3), the Y1 (Stage 6) of Saint Petersburg had a value of 0.581 in the group “Socio-economic conditions for industrial digitalization”. Comparing the obtained value with the scale presented in Table 4, it can be said that the socio-economic conditions for industrial digitalization in Saint Petersburg were at level 3 (51%) and level 4 (49%). In this regard, the resulting indicator value can be classified as approaching a confidently high level. In this study, the aggregated indicators for groups Y2, Y3, and Y4 were formed similarly to the Y1 indicator and amounted to 0.831, 0.551, and 0.760, respectively. The outcome aggregate indicator Y, which determines the level of the region’s preparedness for the digitalization of the construction complex, amounted to 0.681, making allowance for the weight coefficient ri = 0.25. Thus, according to the obtained indicator, Saint Petersburg was 91% prepared for digitalization of the construction complex at a high level and 9% prepared at a very high level.



Using the above algorithm for Saint Petersburg, it is possible to obtain aggregate indicators for all Russian regions, reflecting the level of their preparedness for digitalization of the construction complex. The results can also be classified according to the given 5-level scale. Thus, let us rank Russian regions according to the indicator of “the level of preparedness for the digitalization of the construction complex” in 2017. The scale for determining the level of the indicator is presented in Figure 3 in the form of two scales—red (even levels) and blue (odd levels).



Let us now present the rating results on the map of Russia. This visualization will allow one to clearly determine the territorial distribution of regions’ readiness for digitalization of the construction complex in accordance with the specified scale of fuzzy values of the y variable. The designations of the numbering of regions for Figure 4 are presented in Appendix A.



The provided rating makes it possible to assess the degree of preparedness of a particular federal subject for industrial digitalization. After dividing Russian regions into groups, it can be seen that a very low level of preparedness was observed in 31 regions, a low level in 82 regions, an average level in 52 regions, a high level in three regions, and a very high level in two regions. As of 2017, Moscow (0.715) and Saint Petersburg (0.681) were potentially prepared for digitalization of the construction complex. The Moscow region (0.530) could also be considered as potentially prepared. All federal subjects included in the group with average development had a good potential for industrial digitalization. This includes the Republic of Tatarstan (0.495), Tyumen region (0.472), Voronezh region (0.471), Kaluga region (0.457), the Republic of Bashkortostan (0.455), Nizhny Novgorod region (0.453), Samara region (0.446), and others. Thus, two federal subjects were highly prepared for the digitalization of the construction complex, and 53 federal subjects were potentially prepared.



To assess the degree of development of a particular region according to a particular criterion, let us consider in detail the regions that were highly prepared and potentially prepared for digitalization of the construction complex in the context of the aggregate indicators of groups Y1, Y2, Y3, and Y4 (Figure 5).



According to Figure 5, the socio-economic conditions in the selected regions have a high potential for industrial digitalization and a high level of development of science and innovation. The development of the construction complex and digital technologies is mainly at an average or low level. However, given the equivalence of the examined groups, groups Y1 and Y2 complement groups Y3 and Y4.




4. Conclusions


This study on the preparedness of regions for digitalization of the construction complex is timely and important for the future development of the industry. In accordance with the Draft Decree of the Government of the Russian Federation, “On approval of the list of cases in which the formation and maintenance of an information model are mandatory”, the terms and construction projects for which the use of BIM models is mandatory are defined [53]. For example, in accordance with paragraph 1 of this document, the implementation of architectural and construction design, construction, reconstruction, major repairs, operation, and/or demolition of a health facility has an estimated cost of construction of more than 500 million rubles, financed with the involvement of the budget of the subject of the Russian Federation. An agreement on the preparation of project documentation for its construction is concluded after 1 January 2023. Based on the second paragraph of this document, the formation and maintenance of the information model of the capital construction object will become mandatory for capital construction objects of social infrastructure (objects of education and science, health, physical culture and mass sports, culture and art, social services) from 1 January 2024.



Thus, the preparation of Russian regions for the digitalization of the construction complex is approximately 2–3 years away.



It is also worth noting that such comprehensive studies on the digitalization of regions have not been conducted in Russia. However, in 2017 and 2018, the Concurator company researched the level of application of BIM technology in Russia. Although these studies are only part of the overall picture of digitalization of regions, they were also taken into account. In this regard, the study is unique for the territories of Russia and represents a significant contribution to the methodological assessment of the digital development of the construction complex of territories, research of this level is at an incipient level. The study reflects important data concerning the readiness of regions to digitalize the construction complex, focusing on which it will be possible to track the development of territories in this aspect at different levels of management.



The study conducted using the fuzzy set method made it possible to rank Russian regions, not only assessing their rank relative to other federal subjects, but also classifying regions according to the following levels: very low, low, medium, high, and very high. The hypothesis put forward by the authors was confirmed, since the study revealed both the leading regions and the outsider regions according to the formed indicator of “the level of preparedness for the digitalization of the construction complex”. It was established that Moscow and Saint Petersburg are highly prepared for the digitalization of the construction complex, and 53 Russian regions are potentially prepared. Therefore, in the future it will be possible to form a rating of Russian regions on the level of readiness for digitalization of the construction complex with a two-year lag. Further, using the Data Envelopment Analysis (DEA) shell analysis method, a quantitative assessment will be carried out to assess the quality of the constructed rating by forming the boundaries of efficiency and, against the background of four years, adjust the data to identify the most realistic picture of the development of digitalization of the construction complex in Russia.



From a practical standpoint, the examination and assessment of the preparedness of various Russian regions for digitalization of the construction industry make it possible to propose an efficient development strategy for a particular region and develop a long-term plan of measures aimed at strengthening the factors that affect the aggregate indicator with the lowest value in the sample. Systematic monitoring of changes in factors and indicators makes it possible to track deviations in parameter values and quickly respond to critical changes.



Note that the results of the study are of international interest. In the future, the proposed methodology can be shifted from the micro level to the macro level and countries can be compared. Therefore, in the near future it will be possible to form an international rating on the level of readiness of countries for digitalization of the construction complex. Based on the aspects of rating formation, the methodological approach has significant differences from Marco BIM, which emphasizes the relevance and scientific significance of the research at the international level.



Also, the rating methodology proposed by the authors is flexible. According to the proposed rating development algorithm, it is possible to rank by other aggregated indicators in accordance with the selection of groups of factors. In this connection, it will be possible to scale the methodology to other complexes and sectors of the economy.



The conclusions drawn in this study are not final. The next step in preparing regions for digitalization is a detailed study of each region, identifying weaknesses and strengths, and developing short-term and long-term development strategies, in accordance with the current legislation of the country.
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Appendix A


Region numbering for Figure 4: (1) Altai region; (2) Amur region; (3) Arkhangelsk region; (4) Astrakhan region; (5) Belgorod region; (6) Bryansk region; (7) Vladimir region; (8) Volgograd region; (9) Vologda region; (10) Voronezh region; (11) Moscow; (12) Saint Petersburg; (13) Jewish autonomous region; (14) Zabaikalsky region; (15) Ivanovo region; (16) Irkutsk region; (17) Kabardino-Balkarian Republic; (18) Kaliningrad region; (19) Kaluga region; (20) Kamchatka region; (21) Karachay-Cherkess Republic; (22) Kemerovo region; (23) Kirovsk region; (24) Kostroma region; (25) Krasnodar region; (26) Krasnoyarsk region; (27) Kurgan region; (28) Kursk region; (29) Leningrad region; (30) Lipetsk region; (31) Magadan region; (32) Moscow region; (33) Murmansk region; (34) Nenets autonomous district; (35) Nizhny Novgorod region; (36) Novgorod region; (37) Novosibirsk region; (38) Omsk region; (39) Orenburg region; (40) Oryol region; (41) Penza region; (42) Perm region; (43) Primorsky region; (44) Pskov region; (45) Republic of Adygea; (46) Altai Republic; (47) Republic of Bashkortostan; (48) Republic of Buryatia; (49) Republic of Dagestan; (50) Republic of Ingushetia; (51) Republic of Kalmykia; (52) Republic of Karelia; (53) Komi Republic; (54) Republic of Crimea; (55) Mari El Republic; (56) Republic of Mordovia; (57) Republic of Sakha (Yakutia); (58) Republic of Tatarstan; (59) Tyva Republic; (60) Udmurt Republic; (61) Republic of Khakassia; (62) Chuvash Republic; (63) Rostov region; (64) Ryazan region; (65) Samara region; (66) Saratov region; (67) Sakhalin region; (68) Sverdlovsk region; (69) Republic of North Ossetia—Alania; (70) Smolensk region; (71) Stavropol region; (72) Tambov region; (73) Tver region; (74) Tomsk region; (75) Tula region; (76) Tyumen region without autonomous districts; (77) Ulyanovsk region; (78) Khabarovsk region; (79) Khanty-Mansiysk autonomous district—Yugra; (80) Chelyabinsk region; (81) Chechen Republic; (82) Chukotka autonomous district; (83) Yamalo-Nenets autonomous district; (84) Yaroslavl region.
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Figure 1. Relevance of Building Information Modeling (BIM) in Russia: (a) for the search query “BIM” in Google; (b) for the search query “BIM technology” in Google. 
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Figure 2. Formation of an aggregate indicator for assessing the level of preparedness of the region for digitalization of the construction complex. 
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Figure 3. Rating of regions according to aggregate indicator Y “the level of preparedness of the region for digitalization of the construction complex”, 2017. 
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Figure 4. Distribution of the indicator “the level of readiness of the region for digitalization of the construction complex” on a geographical map of Russia, 2017. 
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Figure 5. Russian regions according to the aggregate indicators of groups Y1, Y2, Y3, and Y4. 
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Table 1. Piecewise linear membership functions using fuzzy set theory.
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	Function Type
	Function
	Property





	I
	 [image: Joitmc 07 00002 i001]
	

  f Δ ( x ; a , b , c ) =       0 , i f     x ≤ a         x − a   b − a   , i f     a < x ≤ b         c − x   c − b   , i f     b < x ≤ c       0 , i f     c < x        










where a, b, c are some numeric parameters that take arbitrary real values and are ordered by the relation     a ≤ b ≤ c  .



	II
	 [image: Joitmc 07 00002 i002]
	

   f m  ( x ; a , b , c , d ) =       0 , i f     x ≤ a         x − a   b − a   , i f     a < x ≤ b         d − x   d − c   , i f     c < x ≤ d       0 , i f     d < x        










where a, b, c, d are some numeric parameters that take arbitrary real values and are ordered by the relation   a ≤ b ≤ c ≤ d  .



	III
	 [image: Joitmc 07 00002 i003]
	

   f Z  ( x ; a , b ) =       1 , i f     x ≤ a         b − x   b − a   , i f     a < x < b       0 , i f     b ≤ x        










where a and b are some numeric parameters that take arbitrary real values and are ordered by the relation   a < b  .



	IV
	 [image: Joitmc 07 00002 i004]
	

   f S  ( x ; a , b ) =       0 , i f     x ≤ a         x − a   b − a   , i f     a < x < b       1 , i f     b ≤ x        










where a and b are some numeric parameters that take arbitrary real values and are ordered by the relation   a < b  .







Notation: I—triangular membership function; II—trapezoidal membership function; III—Z-shaped membership function; IV—S-shaped membership function.
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Table 2. Classification of the level of factors.
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Range of Y Values

	
Level Classification

	
Membership Function






	
−1.000 ≤ Xn ≤ −0.667

	
X1 (very low)

	
1




	
−0.667 < Xn < −0.333

	
X1 (very low)

	
    λ 1  =   − 0.333 − x   / 0.667   




	
X2 (low)

	
   1 −  λ 1  =  λ 2    




	
−0.333 ≤ Xn < 0.000

	
X2 (low)

	
    λ 2  =   0 − x   / 0.667   




	
X3 (average)

	
   1 −  λ 2  =  λ 3    




	
0.000 ≤ Xn < 0.333

	
X3 (average)

	
    λ 3  =   0.333 − x   / 0.667   




	
X4 (high)

	
   1 −  λ 3  =  λ 4    




	
0.333 ≤ Xn < 0.667

	
X4 (high)

	
    λ 4  =   0.667 − x   / 0.667   




	
X5 (very high)

	
   1 −  λ 4  =  λ 5    




	
0.667 ≤ Xn ≤ 1.000

	
X5 (very high)

	
1
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Table 3. Classification of the risk profile level.
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Range of Y Values

	
Level Classification

	
Membership Function






	
0.000 ≤ Y ≤ −0.167

	
Y1 (very low)

	
1




	
0.167 < Y < 0.333

	
Y1 (very low)

	
    λ 1  =   0.333 − y   0.167     




	
Y2 (low)

	
   1 −  λ 1  =  λ 2    




	
0.333 ≤ Y < 0.500

	
Y2 (low)

	
    λ 2  =   0.500 − x   0.167     




	
Y3 (average)

	
   1 −  λ 2  =  λ 3    




	
0.500 ≤ Y < 0.667

	
Y3 (average)

	
    λ 3  =   0.667 − x   0.167     




	
Y4 (high)

	
   1 −  λ 3  =  λ 4    




	
0.667 ≤ Y < 0.833

	
Y4 (high)

	
    λ 4  =   0.833 − x   0.167     




	
Y5 (very high)

	
   1 −  λ 4  =  λ 5    




	
0.833 ≤ Y ≤ 1.000

	
Y5 (very high)

	
1
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Table 4. Recommended fuzzy Y scale.
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	No.
	Set of Values
	Level
	Name





	1
	0.000–0.333
	Very low
	Weak preparedness of the region for digitalization of the construction complex, more than 50% lower than the Russian average.



	2
	0.167–0.500
	Low
	The region’s preparedness for digitalization of the construction complex is more than 25% lower than the Russian average.



	3
	0.333–0.667
	Average
	Average level of preparedness of the region for digitalization of the construction complex.



	4
	0.500–0.833
	High
	The region’s preparedness for digitalization of the construction complex is more than 25% higher than the Russian average.



	5
	0.667–1.000
	Very high
	High preparedness of the region for digitalization of the construction complex, more than 50% higher than the Russian average.
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Table 5. Range of definition for the factors, sets of values, and triangular numbers of Y1 indicators for Saint Petersburg.
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Scale

	
T Numbers

	
X1

	
X2

	
X3

	
X4






	
Very low

	
−1.000

	
0.80

	
1.90

	
18.00

	
85.00




	
−0.667

	
0.83

	
4.27

	
20.83

	
71.00




	
−0.333

	
0.85

	
6.63

	
23.67

	
57.00




	
Low

	
−0.667

	
0.83

	
4.27

	
20.83

	
71.00




	
−0.333

	
0.85

	
6.63

	
23.67

	
57.00




	
0.000

	
0.88

	
9.00

	
26.50

	
43.00




	
Average

	
−0.333

	
0.85

	
6.63

	
23.67

	
57.00




	
0.000

	
0.88

	
9.00

	
26.50

	
43.00




	
0.333

	
0.91

	
11.37

	
29.33

	
29.00




	
High

	
0.000

	
0.88

	
9.00

	
26.50

	
43.00




	
0.333

	
0.91

	
11.37

	
29.33

	
29.00




	
0.667

	
0.93

	
13.73

	
32.17

	
15.00




	
Very high

	
0.333

	
0.91

	
11.37

	
29.33

	
29.00




	
0.667

	
0.93

	
13.73

	
32.17

	
15.00




	
1.000

	
0.96

	
16.10

	
35.00

	
1.00











[image: Table] 





Table 6. Matrix of values for the factors of linguistic variable Y1 for Saint Petersburg.
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Factor Name

	
Subset Scale

	
Level of Significance riY1




	
λ1(xi)

	
λ2(xi)

	
λ3(xi)

	
λ4(xi)

	
λ5(xi)






	
X1

	

	

	
0.405

	
0.595

	

	
0.250




	
X2

	
0.250

	
0.750

	

	

	

	
0.250




	
X3

	

	

	
0.132

	
0.868

	

	
0.250




	
X4

	

	

	

	

	
1.000

	
0.250
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