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1. Introduction

One of the priority tasks on the agenda of modern world 
trends is the development of the digital economy. On a glob-
al scale, digital transformation has covered all levels of the 
socio-economic areas. At the same time, the success of the 

implementation of the digitalization strategy in many cases 
depends on how well the monitoring and evaluation of the 
effectiveness and effectiveness of digital transformations 
are executed. As a result, there are growing demands from 
business representatives, the population, and the state for 
information provided by official statistics. In this regard, 
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A system of statistical measurement 
of the influence of digital technologies 
on the efficiency of management has 
been devised. It is determined that in 
the process of intensification of digita-
lization processes, various methodolog-
ical approaches to statistical measure-
ment of management efficiency were 
distinguished. Indices used to compile 
international ratings for the develop-
ment of digital technologies have been 
established. The existing methodical 
approaches of statistical measurement 
of influence of digitalization on efficien-
cy of public administration have been 
analyzed. In this regard, it was deter-
mined that there is no unified meth-
od of evaluation. A conceptual model 
of the system of statistical measure-
ment of management efficiency under 
the conditions of digitalization at the 
organizational level has been built. It 
is substantiated that the devised model 
creates the basis for the formation of 
theoretical and methodological foun-
dations for statistical measurement of 
the impact of digital technologies on 
management efficiency. Statistical indi-
cators of the impact of digital technol-
ogies on management efficiency were 
systematized. The composition of indi-
cators of measurement of external effi-
ciency, efficiency coefficients of the con-
trolled subsystem and control subsystem 
was clarified. A procedure for calculat-
ing the indicator of the overall efficien-
cy of management has been devised. 
A methodical approach for diagnos-
ing the movement of management effi-
ciency indicators was proposed. It is 
established that differences in the speed 
of movement lead to large differenc-
es in the values of indicators. It has 
been determined that solving the system 
of equations makes it possible to find 
the intersection points of linear trends. 
The use of the proposed methodologi-
cal approach could make it possible to 
measure the quantitative and qualita-
tive effects of digitalization and ensure 
effective management at all levels by 
taking into consideration the interests 
of all stakeholders
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there is a development of methods of statistical observation 
and measurement of the impact of digital technologies on 
efficiency processes, which requires the introduction of 
new rules, procedures, instructions. The main response to 
the challenges associated with the need to deepen existing 
assessment methods is, first of all, the formation of optimal 
subsystems of information and methodological support that 
satisfy the requests of all stakeholders. In most countries, 
the practice of statistical measurement of the digitalization 
of the economy is limited to the study of information and 
communication technologies. In accordance with this, the 
components of the development of the information industry 
are measured, in particular, the level of training, information 
infrastructure, the level of use of information and commu-
nication digital technologies at different levels of manage-
ment  [1]. It is advisable to note that there is no officially 
approved methodology for assessing the impact of digital 
technologies on any processes of socio-economic develop-
ment at present. The composition of the available statistical 
information only partially characterizes the development of 
the digital economy of countries. Monitoring and evaluation 
of digital transformation requires the formation of a com-
prehensive system of performance and efficiency indicators. 
Moreover, the interests of all users of digital technologies 
should be taken into consideration – the state, businesses, 
and citizens [2]. This will assess the effect of the technolo-
gies being implemented on all stakeholders, as well as ensure 
that the necessary balance is struck between accountability 
for the results achieved and the variability of technological 
solutions inherent in the modern stage of technology devel-
opment. Current strategic and program documents are more 
focused on monitoring and assessing the creation of condi-
tions and demand for certain types of digital interaction. At 
the same time, the impact of digitalization on management 
efficiency is still not taken into consideration enough. In this 
regard, the relevance of the development of a methodology 
for statistical measurement of the impact of digitalization 
on the effectiveness of management grows. On the one hand, 
this will make it possible to process information received 
from statistical services and other official sources, and, on 
the other hand, it will create additional opportunities for 
assessing these indicators in their systemic unity. Thus, 
research on the development of a system for statistical mea-
surement of the impact of digital technologies on manage-
ment efficiency is relevant.

2. Literature review and problem statement

Accelerating the processes of digital technology imple-
mentation at all levels of management requires the formation 
of a system for statistical measurement of their impact on 
performance indicators.

Study [3] summarizes understanding of specific aspects 
of digital transformation but lacks an exhaustive picture of 
its nature and consequences. At the same time, the author 
notes that the new digital reality opens up a huge potential 
for innovation and productivity in organizations and goes 
beyond the firm to influence individuals, industries, and 
society. At the same time, it affects the ability of firms to 
maintain their competitive advantage, which makes it more 
fragile than ever, which is due to the inability to control 
numerical factors of the environment. The approaches pro-
posed in the cited work help better understand the strategic 

consequences of digital transformation and the dynamic 
interactions that occur between firms and their environment 
since digital technologies directly affect these interactions. 
The development of future research in this direction will be 
useful, for example, in determining the relationships of the 
organizational system, as well as potential feedback between 
the use of digital technologies and changes in consumer 
behavior.

The continuation of the organizational aspect of efficiency 
is described in work [4], which states that the introduction of 
digital technologies and concepts of Industrial 4.0 is becoming 
increasingly important for companies operating in dynamic 
and competitive markets. In practice, however, these orga-
nizations have difficulty implementing these concepts, since 
Industrial 4.0 is more of a concept than a ready-to-implement 
solution. In addition, its complexity hinders the successful 
implementation of Industrial 4.0 systems, which really include 
all organizational aspects and levels. The cited study presents 
a structure for evaluating and guiding the implementation of 
Industrial 4.0, which builds on an understanding of maturity 
and alignment of capabilities. Based on this, each organization 
can develop its own “road map” to increase efficiency from the 
introduction of Industrial 4.0. The logical continuation of that 
work is [5] where it is noted that in accordance with Indus-
trial 4.0 digital enterprises develop innovative opportunities, 
which is an important problem for Chinese manufacturers. 
The authors were among the first to explore the possibilities 
of information technology, digital transformation, as well as 
the innovative productivity of production enterprises. Using 
the survey method, a qualitative comparative analysis and 
modeling of structural equations was carried out to study the 
multiple relationships between information and technological 
capabilities, digital transformation, and innovation efficiency. 
The reported results indicate the positive impact of information 
technology capabilities on the effectiveness of the innovation 
process and digital transformation, as well as the positive im-
pact of digital transformation on both processes. The limitation 
of this approach is the use of a subjective statistical method, in 
particular fuzzy sets.

A given problem is solved in [6], which reports an empir-
ical study into the impact of digital transformation on the 
operational and financial efficiency of Chinese companies. 
The findings suggest that the intensity of digital transforma-
tion has a positive correlation with operational performance 
and a U-shaped correlation with financial performance, 
including profit. In addition, it has been found that digital 
transformation has a longer-lasting impact on operating 
performance than on financial results. With competent 
policies and an innovative environment, the improvement 
of operations through digital transformation is rapid. The 
cited paper demonstrates the differentiated impact of digi-
tal transformation on various dimensions of organizational 
efficiency and provides recommendations for companies to 
set the goals of digital transformation. This indicates the 
practical significance of the study.

Study [7] also tackles problems of researching the me-
diation effect of performance measurement systems (PMS) 
in the relationship between digital capabilities and financial 
indicators. In addition, the cited study looks at how differ-
ent types of digital capabilities can fuel PMS, leading to 
improved financial performance. The results show that PMS 
largely mediates the relationship between digitally connect-
ed human capabilities and collaboration opportunities and 
financial performance. However, no significant mediation 
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effect of PMS was found between digital technical and inno-
vation-related capabilities and financial performance.

The purpose of [8] is also to identify the relationship be-
tween the financial performance of companies and the degree of 
digitalization of their business processes. As the main financial 
indicator, it is proposed to use operating profit, which reflects 
the results of the current core activities of enterprises. To cal-
culate the digitalization index, McKinsey’s information data 
is taken on the basis of six measurements: digital marketing, 
experience with digital products, e-commerce, electronic cus-
tomer relationship management (E-CRM), social networks. 
For statistical measurement of the impact, the regression anal-
ysis method was used, as a result of which it was found that 
the digitalization index has a positive effect on the operational 
efficiency of companies. At the same time, the level of influence 
depends on the industry, maturity, and size of the enterprise. It 
is concluded that the greatest effect of digitalization is observed 
among enterprises with traditionally high digital maturity. 
These are companies from the field of finance, technology, 
or communications, where digitalization of business is vital 
and where slowing down the processes of digital transforma-
tion is unacceptable. Assessing the impact of digitalization of 
companies based on their operational activities will allow the 
management of companies to choose the only correct strategy 
in matters of digital transformation, which will ensure the 
competitiveness of the company, increase its financial efficien-
cy, and contribute to its development. The cited study is useful 
even nationwide because it makes it possible to choose indus-
tries that should be supported by subsidization. Similarly to the 
previous study, work [9] reports an assessment of the impact of 
digitalization on the financial results of the company. Another 
approach to measuring the impact of digital technologies is 
considered in [10]. The cited paper assesses the relationship be-
tween digital mergers and acquisitions, the digital knowledge 
base on the part of the buyer, and the implications for digital 
innovation and the effectiveness of the firm. Statistical regres-
sion analysis is used for evaluation.

Numerous studies addressed measuring the impact of 
digital technologies on supply chains. Paper [11] examines 
the impact of digitalization and Industry 4.0 on analysis of 
the ripple effect and disruption risk control in the supply 
chain (SC). The structure of the study combines results 
from two isolated areas, that is, the impact of digitalization 
on SC management (SCM) and the impact of SCM on rip-
ple effect control. Studies [12–14] substantiate the role of 
artificial intelligence in building supply chain sustainability. 
The results reported in [12] are useful for individuals who 
make integrated decisions in deploying artificial intelli-
gence to create a sustainable supply chain. In [13], studies 
are conducted on various definitions and classifications of 
supply chain risk and related concepts, such as uncertainty. 
The aim of the cited work was a comprehensive supply chain 
study that addresses problems related to supply chain risk 
management using approaches to the AI spectrum. With 
the development and evolution of information technology, 
competition is becoming increasingly intense on a global 
scale. Many companies predict that the future of supply 
chain management (SCM) could change dramatically, from 
planning, optimization to transportation with the presence 
of artificial intelligence. People will increasingly be inter-
ested in machine learning, artificial intelligence, and other 
intelligent technologies from the point of view of SCM. In 
this context, study [14] provides an overview of the concept 
of artificial intelligence and SCM.

The current state of digital technologies in the business 
of countries with a transformational economy is radically 
different from the modern world one. In this regard, inter-
national methodologies for determining the level of digital 
maturity of business using appropriate indicators due to 
the low overall use of digital technologies in the economic 
space are unacceptable. Therefore, the task of developing a 
national methodology for determining the digital maturity 
index of business is relevant. Such a methodology should 
take into consideration the current state of the national 
economy, reflect an in-depth analysis of digital indicators 
of the maturity of business structures. In addition, it should 
take into consideration their dynamics, be flexible in order 
to respond quickly to new economic processes and phe-
nomena, and ensure further unification with international 
methodologies (for example, DESI). Article [15] analyzes 
international approaches to measuring the digital maturity 
of business structures and proposes a methodology adapted 
to unstable economic conditions for determining the digital 
maturity index of business.

Paper [16] explores the role of digital technologies in 
transforming the service business. The authors look at 
digital technologies such as the Internet of Things (IoT), 
cloud computing (CC), and predictive analytics (PA), and 
their impact on the transformation of services in indus-
trial companies. The Data-Information-Knowledge-Wis-
dom (DIKW) model substantiates how digital technologies 
transform low-level entities such as data into information 
and knowledge to support the transformation of manufac-
turers’ services.

Digital technologies are transforming operations, prod-
ucts, and services in large and small organizations. The dig-
ital transformation of organizations is represented as a solu-
tion to organizational problems related to both efficiency 
and effectiveness. The process of successful implementation 
of digital transformation is hampered by various barriers. 
Article [17] addresses some of the common dilemmas faced 
by managers that may be relevant in different organizational 
scenarios. The factors that provide the starting point for 
creating successful digital transformations in business are 
analyzed.

Like the previous one, study [18] focuses on the fact that 
digitalization destroys traditional business models of com-
panies. To this end, in order to maintain the current level 
of competitiveness, companies need to adapt to changing 
conditions, develop and implement strategies for introducing 
digital technologies into their business processes. The cited 
article presents a structured approach to system modeling of 
business digitalization.

Work [19] develops a model of digitalization of the state 
corporate sector, which contains the relationships between 
factors and indicators of the effectiveness of business process 
management.

The results of our in-depth review [3‒19] prove that the 
lion’s share of scientific research considers the impact of digi-
talization and the development of digital technologies on op-
erational and financial activities. At the same time, statistical 
methods of evaluation are used to measure the impact. How-
ever, none of copy pasted works contains attempts to form a 
system of statistical measurement of the impact of digitaliza-
tion on the effectiveness of management as a whole. In this re-
gard, the development of a system for statistical measurement 
of the impact of digital technologies on the effectiveness of 
management is relevant and requires in-depth research.
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3. The aim and objectives of the study

The purpose of this study is to develop a system for sta-
tistical measurement of the impact of digital technologies on 
management efficiency. This will create the basis for deter-
mining the main drivers of management efficiency at differ-
ent levels in the context of the digitalization of the economy.

To accomplish the aim, the following tasks have been set:
– to analyze existing methodological approaches to sta-

tistical measurement of the level of development of digital 
technologies; 

– to substantiate the conceptual model of the system of 
statistical measurement of management efficiency under the 
conditions of digitalization;

– to determine the system of statistical indicators of the 
conditions for the introduction of digital technologies that 
have the most significant impact on management efficiency; 

– to investigate methods of statistical diagnostics of the 
movement of control efficiency indicators under the influ-
ence of digitalization.

4. The study materials and methods

The theoretical and methodological basis of this study 
was the basic provisions from the theory of efficiency, the 
concept of digitalization of the economy, theoretical and 
methodological developments of modern scientists in the 
management field, as well as individual studies by individual 
scientists.

In the process of research, a set of scientific methods of 
cognition was used. To analyze the methodical approaches of 
statistical measurement of the level of development of digital 
technologies, the method of generalization, the comparison 
method, were used. In the process of substantiation of the 
conceptual model of the system of statistical measurement 
of management efficiency under the conditions of digita-
lization, the method of system analysis, algorithmization, 
and structuring is used. In order to define the system of 
statistical indicators of the conditions for the introduction 
of digital technologies that have the most significant impact 
on the efficiency of management, the method of grouping and 
formalization is used. The study of the movement of control 
efficiency indicators under the influence of digitalization 
was carried out using the statistical method of regression 
analysis. The coefficients of the regression equation were 
determined by the method of the least squares.

5. Results of studying the theoretical and methodological 
aspects of statistical measurement of the impact of digital 

technologies on the effectiveness of management 

5. 1. Analysis of methodological approaches to statis-
tical measurement of the level of development of digital 
technologies

As a result of the strengthening of digitalization process-
es at different levels of management, a set of methodological 
approaches to statistical measurement of the level of devel-
opment of digital technologies at both the micro and macro 
levels was formed. 

At the international level, methods of rating assessment 
of the digitalization of the economy are actively used. In 
particular, the following indices are calculated:

– index of development of information and communica-
tion technologies (IDI); 

‒ Digital Economy and Society Index (DESI);
‒ World Digital Competitiveness Index (WDCI);
‒ Digital Evolution Index (DEI);
‒ Boston Consulting Group’s Digitalization Index (e-In-

tensity);
‒ Network Readiness Index (NRI)
‒ e-government development index (EGDI); 
– Electronic Participation Index (EPART); 
‒ Global Connectivity Index (GCI);
‒ Global Innovation Index (GII) [20].
Each of the indices consists of sub-indexes, according to 

which a global system of statistical measurement of the level 
of development of digital technologies is formed. In Ukraine, 
the monitoring processes of most indices are also taking place. 
For example, since 2013, it has been participating in the rat-
ings according to the DESI index, that is, since the creation 
of the national system of indicators of the Information Soci-
ety [21]. In addition, the intensification of European integra-
tion processes leads to an intensification of the development 
of the digital economy. Thus, according to the EGDI index 
in 2020, Ukraine ranked 69th out of 193 countries, which 
characterizes it as a country with a high level of e-government 
development. According to the NRI index in 2019, Ukraine 
ranked 67th among 121 countries of the world, and according 
to the WDCR index – 60th place out of 63 [22].

It is advisable to note that based on the generalization of 
global digitalization indices, you can calculate an integrated 
index. The basis for calculating global statistical indices for 
the development of digital technologies is an approach to 
monitoring the digital industry at the national level. To this 
end, a system of statistical indicators measuring the develop-
ment of the ICT sector is calculated, as well as indicators of 
the development of the content and media sector [23].

Also of interest are approaches to measuring the effects 
of digitalization in the field of public administration. In 
accordance with this, methods of statistical measurement 
of their mutual influences, which are based on different 
indicators, were distinguished. However, not all approach-
es take into consideration the risks from the introduction 
of digital technologies. The development of proposals for 
solving this problem created the basis for the creation of a 
system of indicators of the effectiveness and efficiency of 
digitalization of public administration. Within the frame-
work of the methodical approach, a variety of indicators of 
statistical measurement of digitalization in four blocks was 
grouped. These blocks reflect the assessment of the effective-
ness and efficiency of the impact of digital technologies in 
relation to the following interested groups: the population, 
business, the state and government officials [24]. Unlike the 
previous one, there is a method of statistical measurement of 
digitalization of public administration, which systematizes 
indicators in the target areas of analysis. In this regard, the 
first group of indicators belongs to the assessment of the 
technological implementation of digital solutions for the 
public administration system. The second group assesses 
infrastructure readiness for digitalization. The third is the 
economic feasibility of introducing digital technologies into 
the public administration sector. In addition, another group 
of indicators that are used to assess subjective parameters of 
digitalization (for example, the adoption of digitalization by 
the population, the consequences of digitalization, digital 
skills, etc.) is distinguished [25].
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Statistical measurement of the impact of digital tech-
nologies on the activities of organizations involves the use 
of single indicators and their comparison according to the 
regional or product principle. Thus, statistical indicators can 
include the intensity of the use of broadband Internet access 
among organizations, as well as indicators of e-commerce. 
Also gaining popularity is the calculation of statistical co-
efficients, with the help of which it is possible to determine 
the differences in certain indicators. To do this, the standard 
deviation, the coefficient of variation, the oscillation coeffi-
cient, the Gini coefficient, etc. can be calculated [26].

5. 2. Studying the components of the system of sta-
tistical measurement of management efficiency in digi-
talization

Based on the considered methodological approaches to 
statistical measurement of the level of development of digital 
technologies, a conceptual model of the system of statistical 
measurement of management efficiency under the conditions of 
digitalization at the organizational level was devised (Fig. 1).

The constructed conceptual model is a kind of basis for the 
formation of theoretical and methodological foundations for 
statistical measurement of the impact of digital technologies 
on the efficiency of management. In turn, the elements of con-
trol efficiency include external efficiency, efficiency of the con-
trol subsystem, and the efficiency of the controlled subsystem. 
Each element is characterized by a specific set of indicators.

Within the framework of the conceptual model, subsys-
tems of information and methodological support are formed, 

recommendations for analyzing the effectiveness of manage-
ment are developed. This makes it possible to distinguish 
the system of statistical indicators of the impact of digital 
technologies on the efficiency of management and to deter-
mine the priority directions for the development of economic 
entities in the context of digitalization.

5. 3. Results of studying statistical indicators of the 
impact of digital technologies on management efficiency

According to the theory of general statistics, all indica-
tors that measure a particular phenomenon or process are di-
vided into absolute and relative indicators. In turn, with the 
help of these indicators, an appropriate system of statistical 
measurement is formed. The system of statistical indicators 
of the impact of digital technologies on the efficiency of man-
agement is shown in Fig. 2. It is worth noting that the effec-
tiveness of management is considered from the point of view 
of an integration combination of aspects of system and pro-
cess approaches. The systematic approach involves the integ-
rity of the controls and their interaction towards achieving 

the planned results, taking into consideration 
external factors. The process approach consists 
in the consistent implementation of the main 
functions of management. In accordance with 
this, management efficiency indicators should 
be divided into indicators of the effectiveness 
of the management system and indicators of 
the effectiveness of the management process.

Next, we shall describe in detail the indica-
tors of the effectiveness of the system and the 
management process. 

Since the control system consists of an ob-
ject of control and a control subject, interacts 
with the external environment, the key indica-
tors are the efficiency factor of the control and 
controlled subsystems, as well as the external 
efficiency factor.

Indicators of external efficiency deter-
mine the degree of interaction between the 
organization, on the one hand, and stake-
holders on the other. The latter are usually 
investors, suppliers, consumers, competi-
tors, state institutions. Since indicators of 
external efficiency express the balance of 
interests, they do not have a quantitative 
assessment.

The efficiency factor of the control subsys-
tem can be determined using an additive mod-
el, which includes the effectiveness of man-
agement personnel, organizational structure, 
management technologies, corporate culture. 

The efficiency factor of the managed sub-
system consists of indicators of the effectiveness 
of operational financial, marketing, personnel, 
investment, innovation subsystems [31].

In turn, the management process involves the imple-
mentation of the main functions of management. In this 
regard, the performance indicators of the management 
process reflect the effectiveness of planning, organization, 
motivation, control, and coordination. The main criteri-
on of planning is to increase the accuracy and balance of 
forecasts. Rational organization involves the optimiza-
tion of the organizational structure. The consequence of 
effective motivation is an increase in labor productivity. 

Note: complied using data from [27–30]

Fig.	1.	Conceptual	model	of	the	system	of	statistical	measurement	of	
management	efficiency	in	digitalization
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Effective control increases the efficiency of management 
decision-making.

Also interesting is the approach, which is based on de-
termining the effectiveness of management by comparing 
the results (profit, profitability, image, market share) with 
administrative costs. In this case, the total management 
efficiency factor (Е) is calculated, which is as follows:

Е=Р/АВ, (1)

where P is the results of the organization’s activities; 
AB – administrative expenses [29].
Indicators characterizing the development of digital 

technologies are systematized in accordance with the data 
generated in the State Statistics Service. 

The relationship between digitalization processes and 
management efficiency can be represented as follows:

D→EMP↔EMS.    (2)

It is worth noting that the strength of the relationship of 
each indicator can be determined using the correlation coef-

ficient, which characterizes the level of development of digital 
technologies, for a certain indicator of management efficiency.

5. 4. Studying the methods of statis-
tical diagnostics of movement of control 
efficiency indicators under the influence 
of digitalization

To determine the direction and speed of 
movement of individual indicators of control 
efficiency under the influence of digitali-
zation, it is proposed to use the regression 
equation [37]. According to this, the initial 
value of the i-th control efficiency indicator 
(Ei(t)) takes the following form:

Ei(t)=ai+bit, (3)

where t is the period (years); 
ai, bi – parameters of the regression 

equation.
It is advisable to note that trends in 

changes in management efficiency indicators 
under the influence of digitalization have 
significant differences in different countries, 
regions, industries, as well as organizations. 
In the process of statistical diagnostics of 
the speed of movement of individual indi-
cators of management efficiency under the 
influence of digitalization, it is possible to 
compare their level of achievement by some 
subjects of the economy with respect to oth-
ers. From a formal point of view, all subjects 
of the economy experience the consequences 
of the influence of digital technologies, as 
a result of which dynamic changes occur 
in performance indicators. However, these 
changes are not the same. With the help of 
a linear regression equation, it is possible 
to represent an analytical expression of the 
direction of straight-line motion according 
to a specific efficiency indicator. It is worth 
noting that, in this case, the ai coefficient 
refers to the basic conditions of the i-th 

efficiency indicator, and the bi coefficient is the speed of 
movement of the subject of the economy under the influence 
of digitalization according to the i-th efficiency indicator.

Given the dynamic changes in indicators, it is advisable 
to note that different economic entities had different levels 
of the i-th efficiency indicator even before the introduction 
of digital technologies. At the same time, differences in the 
speed of movement lead to even greater discrepancies in 
the values of indicators. At the same time, with the help of 
solving the system of equations, it is possible to find the in-
tersection points of linear trends. The system of equations 
is as follows:

( )
( )

,

,

n n n
i i i

m m m
i i i

E t a b t

E t a b t

 = +


= +
 (4)

where ( ),n
iE t  ( )m

iE t is the i-th indicator of the effectiveness 
of management of the n-th and m-th subject of the economy, 
respectively.

Management efficiency indicators (ЕM) 

Indicators of management system efficiency (ЕMS) 

Indicators of digital technology development (D) 

Coefficient of efficiency of the control subsystem (ЕMS2) 

Coefficient of efficiency of the managed subsystem (EMS3) 

The number of employees who used a computer with Internet access 
(D2) 

Number of enterprises that conducted "big data" analysis (D5) 

Number of enterprises that had access to the Internet (D1) 

Use of cloud computing services at enterprises (D3) 
Use of social media (D4) 

Using 3D printing (D6) 
The use of information and communication technologies by 

enterprises to provide invoices (D7) 
The use of information and communication technologies by 

enterprises to obtain invoices (D8) 
E-commerce via the Internet (D9)

Coefficient of external efficiency (ЕMS1) 

Performance indicators of the management process (ЕMP) 

Accuracy of forecasts (ЕMP1) 
Efficiency of organizational structure (ЕMP2) 

Productivity (ЕMP3) 
Effectiveness of management decisions (ЕMP4) 

Fig.	2.	System	of	statistical	indicators	of	the	impact	of	digital	technologies	on	
management	efficiency

Note: complied using data from [29, 32–36]
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By solving the system of equations (4), we find a 
period (t) when the comparable subjects of the econ-
omy have the same level of the i-th indicator of man-
agement efficiency. The greater the value obtained, 
the deeper the differences in the impact of digital 
technologies on management efficiency.

To better understand the proposed methodology, 
it seems expedient to consider an example of studying 
the movement of the overall management efficiency 
indicator under the influence of digitalization at the 
leading Ukrainian coke plants. In particular, PrAT 
“Avdiivka coke plant” and PrAT “Zaporizhkoks”, 
which are part of Metinvest, were the selected enter-
prises. The choice is due to the fact that the company 
actively uses the experience of introducing digital 
technologies at its enterprises. In 
addition, since 2018, a special IT 
unit responsible for digitalization 
processes has been set up – Metin-
vest Digital. Thanks to the newly 
created division, Metinvest’s digi-
tal transformation has covered al-
most all business processes. The 
company has implemented a com-
prehensive digital model, which 
consists of three areas – Business 
Engagement, Solution Delivery, 
and Service Management. Busi-
ness Engagement provides effective 
interaction between the company’s 
enterprises. Solution Delivery in-
troduces digital innovations. Ser-
vice Management supports and the 
introduction of digital technolo-
gies and solutions.

The effect of digitalization at Metinvest is comprehensive. 
Improving the efficiency of the main functions of management 
and improving the management system affected the level of 
sales and product quality, customer service, loss reduction. 
According to the results for 2019, the company saved almost 
USD 50 million per year. First of all, this is due to the optimi-
zation of planning and control functions. Thus, mathematical 
modeling of the optimal composition of coal seam for coke led 
to a decrease in the cost of coal charge by 1.1 %, as a result of 
which the savings amounted to USD 20 million. In turn, the 
use of artificial intelligence to control the temperature in blast 
furnaces led to a decrease in the silicon content in cast iron 
from 0.65 % to 0.50 %, resulting in a saving of USD 30 mil-
lion[38].

At the same time, the intensity of digitalization of man-
agement processes at each enterprise differs significantly. 
The results of calculating the coefficients of regression of the 
management efficiency indicator for the enterprises studied 
are shown in Fig. 3 and given in Table 1.

Our analysis of Fig. 3 and Table 1 proves the same 
trends in the movement of linear trends in the efficiency 
of management of the studied enterprises. The intersec-
tion of trend lines took place in the past (2018) when 
management efficiency indicators were of the greatest 
importance. In the future, under unchanged conditions, 
the trend lines would not cross. The reliability of the fore-
cast is high, as evidenced by the calculated coefficient of 
approximation.

It is worth noting that the proposed method is universal 
and can be used to compare the speed of movement and other 
indicators.

6. Discussion of results of studying the theoretical and 
methodological aspects of statistical measurement of 

the impact of digital technologies on the effectiveness of 
management

The analysis of methodological approaches to statistical 
measurement of the level of development of digital technologies 
showed the absence of a unified approach. At the same time, 
experts [19, 42] compile various ratings of digitalization of the 
economy of different levels – international, state, regional, sec-
toral. The basis of each methodical approach contains a holistic 
system of sub-indexes, based on which the integrated indicator 
of the development of digital technologies is calculated, as well 
as directions and steps for further digitalization are deter-
mined [19]. However, the specific variety of methodological ap-
proaches at the level of organizations requires their systematic 
generalization and the choice of the most acceptable option for 
specific conditions of economic activity.

In the course of our study, we managed to build a con-
ceptual model of the system of statistical measurement of 
management efficiency under the conditions of digitalization 
at the organizational level (Fig. 1). Unlike previous studies, 
which single out only the main elements of the system, the 

Note: complied using data from [29, 39–41]

Fig.	3.	Determining	coefficients	for	the	equations	of	movement	of	enterprises	under	the	
influence	of	digitalization

Table	1

Parameters	of	linear	trends	in	management	efficiency	on	the	example	
of	coke-chemical	enterprises

Enter-
prise

Regression equa-
tion coefficient Approx-

imation 
error, R2

Intersection period with linear 
trends, years

аі bi
PrAT “Avdiivka 

coke plant” 
PrAT “Zapor-

izhkoks”

PrAT 
“Avdiivka 

coke 
plant” 

23.141 –6.9824 0.879 – 1.4

PrAT 
“Zaporiz-

hkoks”
20.68 –5.2094 0.8423 1.4 –
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proposed model contains security subsystems – informa-
tional and methodological, on which the state of functioning 
of control efficiency elements largely depends. In turn, the 
elements of control efficiency should include external effi-
ciency, efficiency of the control subsystem, and efficiency of 
the controlled subsystem.

Based on the conducted studies, the indicators are summa-
rized into a system of statistical indicators of the impact of dig-
ital technologies on the effectiveness of management (Fig. 2). 
The content of each component is substantiated. In addition, it 
is proposed to establish the relationship, as well as differences 
between indicators of digital development and management ef-
ficiency through the use of statistical coefficients, in particular 
the correlation coefficient, variation, oscillation.

In order to carry out statistical diagnostics of the move-
ment of control efficiency indicators under the influence of 
digitalization, it is proposed to use regression analysis. The 
use of the regression equation will allow for analytical ex-
pression of the directions of straight movements according 
to specific indicators of management efficiency. For statis-
tical comparison of the values of specific indicators, it is 
proposed to use a system of equations (3). The results of the 
practical implementation of the recommended methodical 
approach are shown in Fig. 3 and in Table 1, according to 
which the same trends in the movement of linear trends in 
the indicator of management efficiency of the enterprises 
under study.

The results of our study on the development of a system 
for statistical measurement of the impact of digital technol-
ogies on the efficiency of management will form the basis for 
ensuring quality management at all levels. At the same time, 
it acts as a prerequisite for achieving positive effects from 
the introduction of digital technologies and harmonizing the 
interests of all stakeholders.

The practical significance of the study is proved by the 
proposed system of statistical indicators of the impact of 
digital technologies on the effectiveness of management. In 
addition, there is an interesting methodological approach to 
statistically diagnosing the movement of control efficiency 
indicators under the influence of digitalization, which is uni-
versal and can be adapted to measure the speed of movement 
and other indicators.

Assessing the relevance of the recommended methodi-
cal approaches, it is advisable to note that they are univer-
sal. In other words, these methods of statistical measure-
ment can be used at different levels of management and for 
different subjects of economy. As a result, this indicates 
a certain limitedness of the proposed recommendations 
due to their generalized content, which does not take into 
consideration the specificity of development, for example, 
industry trends.

The development of further research started here is ad-
visable to direct to a deeper and more detailed development 
of a system of indicators of statistical measurement of the im-
pact of digital technologies on the effectiveness of manage-
ment of a particular subject of the economy. Particular atten-
tion should be paid to the study of relevant digital trends in 

the basic sectors of the national economy and the assessment 
of their impact on the components of management efficien-
cy. In turn, this requires expanding the proposed system of 
statistical indicators of the impact of digital technologies on 
management efficiency.

7. Conclusions

1. It was established that the processes of statistical 
measurement of the impact of digital technologies on the 
efficiency of management led to the formation of a set of meth-
odological approaches at both the micro and macro levels. The 
methods of rating assessment of digitalization of the economy 
are characterized, the basis for which are global indices for the 
development of digital technologies. In this regard, the posi-
tion of Ukraine on the indices EGDI, NRI, WDCR is deter-
mined. Approaches to measuring the effects of digitalization 
in the field of public administration have been determined. It 
is substantiated that statistical measurement of the impact of 
digital technologies on the activities of organizations involves 
the use of single indicators and their comparison according to 
the regional or product principle.

2. A conceptual model of the system of statistical measure-
ment of management efficiency under the conditions of digita-
lization at the organizational level is proposed. It is established 
that this model is a kind of basis for the formation of theoretical 
and methodological foundations for statistical measurement of 
the impact of digital technologies on the efficiency of manage-
ment. The subsystems of information and methodological sup-
port and the composition of control efficiency elements, which 
include external efficiency, efficiency of the control subsystem 
and efficiency of the managed subsystem, are substantiated.

3. A system of statistical indicators of the impact of dig-
ital technologies on the efficiency of management has been 
developed. Management efficiency indicators are character-
ized. The indicators of measurement of external efficiency, 
components of efficiency coefficients of the controlled sub-
system and control subsystem are established. The impor-
tance of the approach to statistical measurement of the im-
pact of digital technologies, which is based on determining 
the overall efficiency of management by comparing results 
with administrative costs, has been proved.

4. Based on the results of the developed system of sta-
tistical indicators of the impact of digital technologies on 
the effectiveness of management, a methodical approach 
for diagnosing the movement of performance indicators is 
proposed. Using the linear regression equation, an analytical 
expression of the direction of rectilinear motion is presented 
according to a specific efficiency indicator. It is established 
that differences in the speed of movement cause large differ-
ences in the values of indicators. It is determined that with 
the help of solving the system of equations it is possible to 
find the intersection points of linear trends. The study of the 
movement of the general indicator of management efficiency 
under the influence of digitalization on the example of lead-
ing Ukrainian coke plants is considered.
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