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Abstract. The need for an innovative digital transformation of the 
construction industry is beyond doubt. However, it is fraught with a number 
of objective constraints, which requires the development of appropriate 
holistic science-based approaches and an effective practical methodology. 
Based on the systematization of the specifics of digitalization of the 
construction industry, analysis of the achieved level of innovative digital 
development, study of existing experience and institutional trends, the 
authors postulated a change management methodology as one of the key 
conceptual approaches to effective planning and management of digital 
transformation of construction. The life cycle of changes was modified on 
the basis of the design-process approach, and the corresponding practical 
assessment was carried out using the example of the implementation of 
information modeling technology in construction. 

1 Introduction 
Nowadays, the use of digital technologies in all sectors of the economy is a stable global 

trend, following which the Russian Federation adopted the National Program “Digital 
Economy of the Russian Federation” [1]. As a target for the construction digitalization 
strategy, it is postulated the creation of a single digital space for participants in urban planning 
activities at all stages of the life cycle of a capital construction object, which, given the certain 
inertia of the construction industry both in terms of innovation and in terms of digitalization, 
can only be achieved through system digital transformation of all business processes. 

The specificity of digitalization in the construction industry is expressed in a number of 
aspects: 

firstly, the complexity and uniqueness of investment and construction projects and 
construction objects, which complicates the unification of requirements; 
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secondly, a large number of stakeholders throughout the life cycle of a construction 
object, which provokes communication difficulties, possible distortions in the transfer of 
information and different perceptions of the goals, methods and results of digitalization; 

thirdly, the innovative inertia of the industry, generated by the multiplicity of regulatory 
sources and, often, their inconsistency; 

fourthly, the existing variety of software and other technologies for automating the 
management of investment and construction projects, which leads to the practical 
impossibility of sharing digital tools; 

fifthly, the fragmentation and incompleteness of numerous information systems 
containing information necessary in the implementation of construction investment projects, 
which creates “gaps” in information flows; 

sixthly, the existence of a number of areas and plans for the digitalization of the industry, 
initiated at various levels of management, but not coordinated with each other, which leads 
to the absence of a single conceptual representation of both the planned result of digitalization 
itself and methods of achieving it. 

In addition, the poly-subject nature of investment and construction projects, along with 
the multiplicity and complexity of the interconnections between them, leads not only to the 
existence of many information systems, but also to the need for their high-quality integration 
into a single digital space based on creating access for all project participants, ensuring the 
unity of the regulatory and technical documentation and classifiers, determining the format 
of structured information exchange, introducing digital technologies at different stages of the 
project, forming qualitatively new technological approaches to the interaction of all 
participants in investment and construction activities. Such digital interaction of project 
participants also requires a certain level of training of specialists who own not only digital 
project management tools, but are also capable of seeing the project as a whole, throughout 
its entire life cycle, in the interconnection of all stakeholders and types of work [2]. The goal 
of digitalization is to reduce construction time while improving the quality of management 
of erecting capital construction objects and making management decisions based on reliable 
and up-to-date data. It should be noted that the urgency of the problem of digitalization of 
the construction industry was emphasized at the level of the President and the Government 
of Russia. 

2 Materials and Methods 
The level of digitalization in construction is extremely low (Fig. 1), which is a consequence 
of the multiplicity of construction stakeholders with multidirectional interests and 
simultaneously involved in the implementation of an investment and construction project; a 
large number of necessary approvals and checks, accompanied by paper workflow; a long 
life cycle of the project, which is especially difficult to automate at the construction stage due 
to the presence of a large number of interconnected and sequential works that require various 
equipment and resources of a wide range. 
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Fig. 1. The level of digitalization of the sectors of the Russian economy (compiled on the basis of [3]) 

We consider it necessary to single out innovation as the most important area of 
digitalization in construction. In accordance with the principle of innovation and the “change-
innovation” circuit [4], technical and technological innovations in construction are the source 
and catalyst of digital transformation, while being one of the elements of this transformation. 
In general, the main areas of digitalization of construction can be represented in the form of 
a diagram (Fig. 2). 
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Fig. 2. The scheme of formation of areas of digitalization in construction 

For the purposes of this study, we consider it necessary to discuss the concept of 
digitalization in both a narrow and a broad sense. In a narrow sense, the key elements of the 
concept are the transformation of information into digital form [5]. In a broad sense, 
digitalization is synonymous with the concept of digital transformation as a transformation 
of all elements of the system (in this case, the management system of the investment and 
construction complex) for the purpose of sustainable economic development within the 
framework of a new technological order and sustainable development of territories [6]. 
Accordingly, the effects of digital transformation should be considered compliance with the 
principles of sustainable development of territories [7] and sustainable development in 
general [8]. 

The above conclusions allow interpreting both digitalization and digital transformation 
from the standpoint of the theory of change, since the key elements of the concept of change 
are constant continuous movement and interaction of system elements; differentiated 
movement on the basis of reversibility, initiation and orientation; change of the qualitative 
state with the possibility of its quantitative measurement. Based on the perception of 
digitalization and digital transformation as changes, we consider it possible and expedient to 
manage digitalization processes by digital transformation based on the methodology of the 
theory of change [9]. 

3 Results 

In general, the conceptual foundations of digital transformation in construction from the 
perspective of the theory of change are presented in the form of a diagram (Fig. 3). 

4

E3S Web of Conferences 244, 05005 (2021)	 https://doi.org/10.1051/e3sconf/202124405005
EMMFT-2020



Information 
modeling of the 

construction object

Creation and operation of 
information systems

The use of 
automated 
equipment

Information 
technology and 

software

Additive 
technologies in 

construction

Cloud-based data 
management 

platforms

Internet of 
Things

State 
programs and 

projects Digital 
environment 
and digital 

platform

THE MAIN DIRECTIONS OF DIGITALIZATION OF CONSTRUCTION

S
O

F
T

W
A

R
E

D
ig

ital tran
sform

ation
 o

f bu
sin

ess p
ro

cesses 
an

d in
teractio

n
 o

f p
articip

an
ts in th

e 
instrum

ental land
ing

 system
 in

 co
n

stru
ctio

n

S
tate

P
articipan

ts o
f th

e 
instrum

ental 
land

ing
 system

U
sers

 
Fig. 2. The scheme of formation of areas of digitalization in construction 

For the purposes of this study, we consider it necessary to discuss the concept of 
digitalization in both a narrow and a broad sense. In a narrow sense, the key elements of the 
concept are the transformation of information into digital form [5]. In a broad sense, 
digitalization is synonymous with the concept of digital transformation as a transformation 
of all elements of the system (in this case, the management system of the investment and 
construction complex) for the purpose of sustainable economic development within the 
framework of a new technological order and sustainable development of territories [6]. 
Accordingly, the effects of digital transformation should be considered compliance with the 
principles of sustainable development of territories [7] and sustainable development in 
general [8]. 

The above conclusions allow interpreting both digitalization and digital transformation 
from the standpoint of the theory of change, since the key elements of the concept of change 
are constant continuous movement and interaction of system elements; differentiated 
movement on the basis of reversibility, initiation and orientation; change of the qualitative 
state with the possibility of its quantitative measurement. Based on the perception of 
digitalization and digital transformation as changes, we consider it possible and expedient to 
manage digitalization processes by digital transformation based on the methodology of the 
theory of change [9]. 

3 Results 

In general, the conceptual foundations of digital transformation in construction from the 
perspective of the theory of change are presented in the form of a diagram (Fig. 3). 

Typologizing changes in digital 
transformation

sign type

Subject 
(genesis)

Nature of the 
changes

Object of 
changes

Purpose of 
the changes

Conjugate

Evolutionary

Internal and external 
digitalization

Organizational, economic, 
institutional and 

innovative

Basic and peripheral

Principles for the 
management of digital 

transformation

The principle of resonant 
control

The principle of maximum 
synergies between the 
areas of digitalization

The principle of 
complexity

The principle of 
information quality

Digital transformation in construction is 
a process of continuous interaction of 
organizational relations and economic 
relations between the elements of the 

construction industry system, which leads 
to a change in the quality state of all 
subsystems and the system as a whole

Properties: directivity, initiativeness, 
completeness, measurable effectiveness

Features of digital transformation in 
construction: high resource intensity of 

production processes, multisubjectivity, low 
density of the institutional environment, 
large volumes of disparate information, 

disintegration of the stages of the object's 
life cycle

Dominant of digital transformation: 
digital environment, information modeling

 
Fig. 3. Conceptual foundations of digital transformation in construction from the perspective of the 
theory of change 

It is also necessary to postulate the principle of fractality of the construction management 
system. If we consider public administration as a control subsystem, the controlled system is 
characterized by large-scale invariance, and the functions and management methods are 
similar at all levels of management, which gives rise to the conclusion about the fractality of 
the construction management system: public administration (macro level), sectoral 
management (meso level), enterprise management (micro level), project management [10]. 
Accordingly, within the framework of goal-setting for changes in the digital transformation 
of construction, the main task of management is to create conditions for digital transformation 
at the level of investment and construction projects. 

Each of the areas of digitalization usually contains a number of different-level 
spontaneous initiatives and initiated changes. The implementation of the initiated changes 
can be presented as a project, since when initiating a change, the goal is focused, to which 
the result of the changes must correspond. 

It should be noted that discrete projects will not create a complete digital transformation. 
Therefore, change projects must be carried out constantly, forming a portfolio of projects 
characterized by polydynamics and conglomeration [8]. According to the methodology of 
scheduling and network planning within each project, it is possible to distinguish in the 
process of performing certain types of work [11], which leads to the expediency of 
considering changes from the point of view of both project and process approaches. 

Researchers identify a certain staging in the process of change. The classical model of 
Kurt Lewin postulates the presence of three stages in the process of organizational change: 
unfreezing of the existing state, movement towards a new changed state, stabilization and 
freezing of a new state. 

In connection with the acceleration of the processes of changes in the modern economy, 
the necessity and very existence of the “freezing” stage in the life cycle of changes is 
questioned by a number of researchers. However, other researchers distinguish a certain 
period necessary for the awareness and acceptance of the new situation that has developed as 
a result of changes, both at the level of the organization [12-14] and at the level of the socio-
economic system as a whole. We consider it expedient to single out the stage of “freezing” 
in the life cycle of changes, which is necessary for analyzing the results and feasibility of 
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changes, for accepting the object of changes in its results, as well as for reflection on the 
implementation of projects of changes, but not as the end of the transformation process, but 
as elements of monitoring with the purpose of identifying and adjusting further projects and 
change processes according to the spiral development model. 

We believe that changes in any soco-economic system, including construction, occur 
constantly and represent a cyclical iterative process of implementing a number of projects of 
initiated changes and self-organization processes, expressed in the form of spontaneous 
changes, of varying intensity, sequence, target focus, predictability, and effectiveness, 
depending on the stage of development of the system (evolutionary and revolutionary). Since 
each change forms a complex system of interconnection, mutual influence and 
interdependence with other changes at different levels of the management system, then, as a 
result of any change, almost every aspect of the economic system (and not only the 
construction industry, but also related industries and complexes) undergoes one or another 
transformation. 

In the life cycle, it is possible to distinguish a number of projects characterized by 
conglomeration and polydynamics, representing the implementation of initiated changes, as 
well as a number of vectors of spontaneous changes that are a consequence of the process of 
self-organization of the control system. 

It should be noted that the projects of changes consist of a set of processes, which it is 
advisable to subdivide into six main groups that implement certain management functions. 
The enlarged process of organizational and economic changes, which, in turn, consists of a 
number of projects, is shown in Figure 5. 
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Fig. 5. The process of changes associated with the implementation of information modeling in 
construction 
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Based on the results of a retrospective analysis of regulatory documents in the field of 
regulation of the construction industry in the process of transition to digitalization, as well as 
statistical and analytical information, we have made a characteristic of the enlarged processes 
of the project for the implementation of information modeling in construction (Table 1). 

Table 1. Description of the enlarged processes of the project “Implementation of information 
modeling in construction”. 

Process 
type 

Process Time frame 
of the 

process 

Content characterization and process 
performance monitoring 

Managem
ent 

Design information 
modeling 

Beginning 
in 2000, 
2014-up to 
now 

2000 - introduction of information 
modeling technologies in the design of 
construction projects. 
2015 - 2016 - BIM pilot projects. In 
2019, 22% of organizations use BIM in 
their activities. 
2014 - A plan for the phased 
introduction of information modeling 
technologies in the field of industrial and 
civil construction. 

BIM monitoring 2016 - up to 
now 

Report on the effectiveness of the use of 
BIM technologies in investment and 
construction projects of Russian 
companies (MGSU), based on a survey 
of construction companies 

Main Formation of the UIS Beginning 
in 2011, in 
fact - from 
2018 to the 
present 

Since 2011, the Town Planning Code 
has a norm on the possibility of sending 
documents for the issuance of a building 
permit and a permit for putting objects 
into operation in electronic form. 
2017 - FSIS PiC. Data registration is 
carried out by 30% of officially 
registered manufacturers. 12% of 
materials are registered. 
2017 - 3 constituent entities of the 
Russian Federation are implementing a 
pilot project to transfer the procedures 
for providing technical specifications 
into electronic form. About 4.5 thousand 
applications were received. 
2018 - SIS USRC is functioning, it 
contains more than 26,000 conclusions. 
2018 - register of cost-effective project 
documentation 

Main Expertise of design and 
estimate documentation 
with BIM 

Beginning 
in 2014 

2014 - the first examination of a BIM 
project. 
Since 2017, project documentation and 
(or) engineering survey results are 
submitted in electronic form. 
2018 - SIS USRC is functioning 

Auxiliary   Development of a 
construction 
information classifier 

2019 - up to 
now 

The structure of the classifier of 
construction information has been 
developed 

Collecting statistics on 
BIM performance 

2016 - up to 
now 

Report on the effectiveness of the use of 
BIM technologies in investment and 
construction projects of Russian 
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Process 
type 

Process Time frame 
of the 

process 

Content characterization and process 
performance monitoring 

companies (MGSU), based on a survey 
of construction companies 

Supportin
g  

Development of a 
regulatory and technical 
base for the 
implementation of 
information modeling in 
construction, changes in 
legislation 

2019 - up to 
now 

A package of normative technical 
documents for information modeling 
was developed and approved, including 
7 GOST and 4 SP 

Planning and implementation of changes in the management system of the construction 
industry through its digitalization in accordance with the proposed life cycle of changes will 
contribute to ensuring the integrity and complexity of the planned transformation based on 
the advanced development of institutions. 

The main changes initiated by the state on the implementation of information modeling 
of the life cycle management system for construction objects, including the digitalization of 
the industry, are included in the structure of the activities of the National Program “Digital 
Economy”. The implementation of the relevant organizational and economic changes, in 
accordance with the principle of innovation, contributes to the development of self-
organization mechanisms of the management system to stimulate the development of 
innovative software and the implementation of innovations in construction. 

4 Discussions 
The creation of a single digital space in construction and housing and communal services is 
an important complex task, the need to solve which was confirmed in the conditions of self-
isolation. The low rates of digitalization in the construction industry are objectively 
determined by the specifics of both the industry itself (in technological, economic and 
institutional terms) and the facilities being created, and investment and construction projects. 

The scientific significance of the work is determined by the need to systematize the 
theoretical basis of the digital transformation of the construction industry, clarify the 
principles of its implementation in order to intensify the digitalization process, build a 
sequence of steps for implementing this process at various levels of management, 
corresponding to the problems to be solved and the goals set. 

The digitalization of construction implies the development of requirements and the 
definition of a methodology, as well as regulations for the interaction of all participants in 
the process. At the same time, competently developed requirements for the exchange of 
information will allow companies at various stages of the project to work in different 
solutions, while coming at a single result of improving the quality of construction products 
while reducing the cost of their production. 

5 Conclusion 
Based on the results of analytics and systematization of the environment of digitalization in 
construction, it should be concluded that digitalization of construction in the narrow sense 
has a low rate of development. At the same time, both organizational, economic, and 
innovative, institutional parameters act as conditions and factors for digitalization and digital 
transformation. Therefore, it is necessary to develop methods for managing digital 
transformation in construction based on a change management methodology that combines 
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The digitalization of construction implies the development of requirements and the 
definition of a methodology, as well as regulations for the interaction of all participants in 
the process. At the same time, competently developed requirements for the exchange of 
information will allow companies at various stages of the project to work in different 
solutions, while coming at a single result of improving the quality of construction products 
while reducing the cost of their production. 

5 Conclusion 
Based on the results of analytics and systematization of the environment of digitalization in 
construction, it should be concluded that digitalization of construction in the narrow sense 
has a low rate of development. At the same time, both organizational, economic, and 
innovative, institutional parameters act as conditions and factors for digitalization and digital 
transformation. Therefore, it is necessary to develop methods for managing digital 
transformation in construction based on a change management methodology that combines 

the above types of parameters, which makes it possible to increase the positive dynamics of 
digitalization in order to ensure targeted focusing of improving the efficiency and quality of 
the implementation of an investment and construction project and its result within the 
framework of the concept of sustainable development. 
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