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Abstract — The global processes and their impact on the
construction industry and construction education are discussed.
The goals and objectives of the digital transformation of
construction are discussed. It is noted that building information
modeling is one of the ways of digitalization and modernization of
construction. Modernization of construction educational
programs is considered. The main requirements for the content
of educational programs at the present stage of development of
digital technologies in construction are analyzed. When creating
a professional educational program, it is necessary to take into
account the requirements of employers and professional
standards. Currently, there are no professional standards related
to building information modeling. The experience of competence
formation in the field of building information modeling is
considered. It is proposed to take into account the principles of
the international initiative CDIO when developing the
educational program. The scheme of the main factors influencing
the formation of the educational program is presented. Digital
competences that are necessary for building information
modeling are formulated. Definitions of competences for the
project of professional standard and for the educational standard
in the field of construction are offered.
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I. INTRODUCTION

Educational programs of secondary professional and
higher education are formed taking into account the
requirements of Federal state educational standards,
professional standards, exemplary educational programs and
taking into account the current level of development of science
and technology. To develop the content of educational
programs different approaches and methods are used, which
depend on the selected educational technologies and resources
of the educational organization. Federal state educational
standards contain definitions of universal and general
professional competences of graduates, and also can contain
the list of professional competences. The list of obligatory and
recommended professional competences is specified in the
approximate  educational  program. An  educational
organization can formulate its own professional competencies
based on the labor functions of the selected professional
standards. The result of mastering the educational program is
the formation of a complete set of certain students’

competencies [1]. Each discipline, module, course, practice of
the educational program should contribute to the formation of
these competencies.

Russia has approved a program of digitalization of the
economy. The construction industry responds to the need for
digital transformation by introducing building information
modeling technologies (BIM technologies) [2,3].

The technology of building information modeling
appeared as a consequence of the development of methods and
tools for creating computer three-dimensional geometric
models of complex shapes. The technology is based on digital
parametric object-oriented modeling of the building and its
constituent elements. A characteristic feature of the
technology is not only modeling the geometric characteristics
of the building (shape, size, position in space), but also the
representation of non-geometric information (building
materials, manufacturer, classifier codes, etc.). The digital
information model represents geometrical, physical, functional
and other characteristics of object (or its separate parts) in the
form of set of information saturated elements. Digital
information model of the building allows to automatically
obtain accurate drawing documentation and specifications of
model elements. It is possible to make consistent changes to
the model and all related documents. At the present stage of
development, information modeling technology is applied not
only to models of buildings, but also to models of structures,
as well as to models of terrain. The general information model
of the construction object can consist of a set of information
models related to various tasks of specialists. It is important to
note that the information model should be created and updated
to accompany the entire life cycle of the construction object.
Building information modeling changes the organization of
work of specialists. All participants of the information
modeling process should work together and communicate on
the basis of a single information model of the construction
object. Currently problems that can be solved with the use of
building information modeling technologies at the stages of
research, design, construction, operation, liquidation of a
construction object are discussed [4,5,6,7,8]. The global issue
of implementation of information modeling technologies in
the construction sector was considered at the world economic
forum (WEF) in February 2018. The main steps to the
modernization of the construction industry were identified,
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including the development of employees to participate in the
information modeling processes.

“BIM skills are core capabilities in a digitalized
construction industry, and as a result, they cannot be
outsourced to third parties. Organizations have three options
for increasing their BIM talent pool: hiring new talent with the
required skills, upskilling the existing workforce, and
simplifying BIM technology and processes to reduce required
skills. Education must be reformed to provide prospective
employees with necessary BIM skills as well as the
interdisciplinary skills required for BIM collaboration.
Courses should teach students tangible, applicable BIM
knowledge through practical, hands-on training. Universities,
vocational and professional training providers should integrate
BIM into general design and engineering classes rather than
offer courses as electives or add-ons. Upskilling the existing
workforce can be done on the job or in the classroom. In either
case, U companies and industry associations should work
with professional providers and academia to develop
upskilling courses. Companies should institute a broad set of
internal upskilling programmes.” [9].

In Russia, it is stated that a life cycle management system
of the construction object should be formed on the basis of
building information modeling technologies [10]. Intensive
work is carried out to identify and formulate the necessary
digital competencies of construction workers. Changes in the
relevant professional standards are being prepared. New
academic disciplines, modules, courses and new educational
programs in the field of Construction for undergraduate and
graduate levels are being formed.

The aim of the study is to determine the significant factors
and ways of modernization of educational programs of the
construction direction on the basis of information modeling
technologies.

Il. METHODS AND MATERIALS

The study uses a systematic approach to determine the
factors affecting the formation of disciplines” content
associated with the use of building information modeling
technologies. The methods of analysis and synthesis are used
to determine the basic knowledge and practical skills in the
field of building information modeling.

A. Digital transformation of construction

As part of the implementation of the digital economy
program, each branch of the economy forms its own program
of digitalization and road map of transformation. Currently, a
program of digital transformation of the construction industry
is being formed. The goals and main tasks of transformation
are defined [11].

The goals of digital transformation of construction are:

e ensuring the collection and analysis of information
which is necessary for the development of policy in
the field of construction and housing and communal
services at all stages of the life cycle of the
construction object;
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e reducing the cost of obtaining information and
documentation required for urban planning.

The main tasks of digital transformation of construction
are:

e conversion of all procedures of the urban planning
process into electronic form;

e implementation of building information modeling
technologies;

e development of information systems for storage of
documentation,  building  information  models,
statistical information and implementation of
electronic procedures;

o development of digital competencies in the
construction industry.

B. Digital competencies

The problem of preparing workers for the digital economy
is global. International scientific and methodological centers
and their satellites are organized to conduct research in the
field of digital economy training. Digital competencies that
need to be formed in the institutions of general secondary
education, secondary special education and higher education
are discussed. Great hopes for the formation of digital
competencies are placed on educational programs of
additional education of children and adults, as well as on
educational programs of additional professional education. For
specialists in the field of management, including public
administration, an educational program CDO (Chief Data
Officer) was developed. The purpose of the program is to
develop the competence of data management. CDTO (Chief
Data Transformation Officer) programs are developed for
managers responsible for the implementation of digital
development projects.

In Russia, there are currently two parallel processes to
determine the necessary digital competencies: in the
professional community and in the educational community.
The professional community, national associations of
specialists and committees for professional qualifications
discuss the necessary set of labor functions, knowledge and
skills that should be included in the professional standards.
The educational community, universities, educational and
methodical associations discuss the necessary universal,
general professional and professional digital competencies that
should be included in the Federal state educational standards,
exemplary educational programs, basic educational programs
of secondary professional and higher education.

A model of digital competencies has been developed,
including basic and advanced levels of digital competencies.
The basic level assumes the possession of key competencies of
the digital economy at the level which is not lower than
international one, which is developed taking into account
international studies PIAAC (Problem solving in technology
rich environments). Key competencies should be included in
the digital core of Federal state educational standards.
Advanced level involves professional knowledge of
competencies in the field of information technology and
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mathematics to solve industry problems in the framework of
the development of the digital economy program.

Within the framework of the action plan "Staff and
education” of the program "Digital economy of the Russian
Federation" the Fund of development of educational
technologies is organized. Its main tasks are:

e financing breakthrough educational projects aimed at
training the staff for new markets and technologies, as
well as meeting the staffing needs of the digital
economy of the Russian Federation;

e creation of a database of promising educational
technologies using the best world practices in order to
transform the education system.

C. Professional standards

In Russia professional standards determine the
qualification levels and labor functions of employees, as well
as the knowledge and skills necessary to perform them.
Professional standards provide guidance in the formation of
educational programs of secondary professional, higher and
additional education. Professional standards are used in the
independent assessment of specialist qualifications. Currently,
professional standards in the construction industry do not
contain requirements for digital competencies of specialists.
The first professional standard related to BIM technologies,
"Specialist in digital design of nuclear energy facilities”, was
approved in 2019. The draft of a new professional standard
"Specialist in information modeling in the field of
construction™ is discussed [9].

D. Basic competencies for working with building information
modeling technologies

Building information modeling technologies should
accompany the entire life cycle of the construction object from
the idea of its creation to liquidation, so all specialists of the
construction industry should understand the basic principles of
building information modeling. The result of BIM s
information, documents, data about the object and its digital
information models.

There are approaches to the allocation of basic
competencies in building information modeling technologies
[12,13,14]. The international organization BuildingSmart
based its certification programs on the knowledge and
understanding of the OpenBIM concept [15]. The English
manual "Practical implementation of BIM for the UK
Architectural, Engineering and Construction (AEC) industry"
classifies the roles and functions of BIM specialists,
establishes the principles of teamwork of specialists and
interoperability of software [16]. In Germany, the standard of
qualifications in the field of BIM was passed. It defines the
basic knowledge on which educational programs for different
specialists should be based. Specialists should know the basic
terminology, as well as the factors of development of BIM
technologies: people, processes, information, technology,
environment and their interaction [17]. In Sweden, a survey of
construction organizations identified the most significant
factors for successful work with BIM-technologies: the

Advancesin Social Science, Education and Humanities Research, volume 447

presence of higher engineering education, experience in
computer 3D modeling, design experience, understanding of
construction technologies, project management experience
[18]. In Russia, there are examples of the development and
implementation of educational programs of higher education,
taking into account the use of competence-based approach and
information modeling technologies in construction [19]. The
experience of training has shown that it is not enough to
introduce the use of BIM-technologies into practical classes of
construction disciplines or to add the discipline about
information modeling technologies to the educational program
of the construction direction. A comprehensive approach to
the modernization of the educational program is needed [20,
21, 22].

E. International initiative CDIO

The most well-known methodology for reforming
engineering education is the international initiative CDIO [23].
The initiative is based on the "Conceive — Design —
implementation — Operate™ algorithm. The concept of CDIO
provides that the creation and development of objects,
processes and systems throughout their life cycle should
become the general context of engineering education.

The aim of the initiative is to bring the content and
effectiveness of engineering educational programs in line with
the level of development of modern technologies and
expectations of employers. It should be noted that the gap
between the results of education and the requirements of
economic sectors to the competencies of graduates of
educational institutions is a global problem, so it requires a
universal solution. The CDIO initiative was proposed as a
result of the activities of the international University
community. Twelve CDIO standards were adopted to reform
undergraduate education programs. The standards define:

e the concept of engineering education;
e principles of curriculum formation;

e requirements  for educational

environment;

practice-oriented

e requirements for teaching methods and teachers'
qualifications;

e requirements for methods of evaluation of learning
outcomes and the educational program as a whole.

The use of CDIO principles makes it possible to develop a
comprehensive approach to training graduates in technical
areas to conduct engineering activities at all stages of the life
cycle of technical and technological products [24]. CDIO
Syllabus identifies four groups of education outcomes. There
are:

e Technical Knowledge and Reasoning;
e Personal and Professional skills and attributes;
o Interpersonal skills: Teamwork and Communication;

e Conceiving, Designing, Implementing and Operating
systems in the enterprise and societal context.
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Currently, the CDIO initiative has been joined by more
than 120 educational organizations around the world, from
seven regions of the world, including about 30 Russian
universities. Over the twenty years, the CDIO initiative has
been developed for graduate and postgraduate education
programs and even for additional professional education.

The analysis of the principles of information modeling of
construction objects and CDIO principles shows the
consistency of their goals and the possibility of joint
application in the development of educational programs [25].
Information modeling technology includes the following goals
of building life cycle.

e to conceive, i.e. to define needs in construction,
development of the concept of objects and the
investment project;

e to design, including conceptual design, detailed
design, analysis and calculations, preparation and
approval of documentation;

e to build, i.e. to conduct the preparation of
construction, construction, installation of equipment;

e to operate, combining the operation, renovation and
disposal of the facility.

I1l. RESULTS

As a result of the study a system of significant factors for
the formation of educational programs in the field of
construction was defined (Fig. 1). The digital transformation
of the construction industry includes changes in construction
processes, the use of new technologies and the formation of
digital competencies of specialists. Building information
modeling technology is the basis for life cycle management of
construction objects.

| Digital transformation of construction l
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Fig. 1. Significant factors for the development of educational programs.
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The general professional competences that are necessary to
effective use of BIM technologies are defined. These include:

o ability to create a 3D parametric object-oriented digital
information model of the construction object with the
necessary level of detail of geometry and information;

o ability to retrieve, process and transmit information
model data;

o ability to solve profile problems of a certain stage of
the life cycle of the construction object and to form
technical documentation with the use of information
and communication technologies, including BIM
technologies;

e ability to manage the processes of information

modeling of the construction object.

On the basis of the listed competences, the draft of the
professional standard "Specialist in information modeling in
the field of construction™ has been developed by the author of
the paper. It is offered that the main labor functions are:

e technical support of information modeling process;

e creation of the information model of the construction
object and its use for solving discipline tasks;

e organization of the development and the use of
building information modeling, including collective
work with information;

¢ management of the information modeling processes in
the implementation of investment and construction
projects;

e management of the implementation and the
development of BIM technologies in the organization.

The draft professional standard describes the knowledge
and skills required to work with BIM technologies.

The basic knowledge and skills that are necessary for all
specialists to work with information modeling technologies
are allocated to form the content of educational programs. The
basic knowledge contains the following topics:

e principles of BIM (three-dimensional, parametric,
object-oriented modeling; collaboration in a shared
data environment; software integration and data
transfer formats; support the entire lifecycle of
construction object);

e participants and tasks of BIM at different stages of
building the life cycle;

e experience of use and prospects of development of
BIM technologies;

o BIM process management;
e standardization in the field of BIM;

o implementation of BIM technologies in the activities of
organizations.
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Basic knowledge and skills should be the basis for the
development of the content of the discipline "Fundamentals of
building information modeling” or the section of disciplines
"Construction Informatics”, "Information technologies in
construction”, "Information modeling Technologies".

Practical studies of different constructional disciplines
should be carried out with BIM software. The skills of
collaboration should be gained on the basis of multidiscipline
projects.

IV. CONCLUSIONS

The paper analyzes the development trends of the
construction industry, construction education and digital
competencies of specialists.

Significant factors for modernization of educational
programs of construction have been defined taking into
account BIM technologies: the development of digital
economy, information and communication systems and
technologies, building information modeling technologies, the
development of the construction process, the application of
international educational standards.

One of the challenges of digital economy is the permanent
necessity to modernize professional educational programs to
satisfy the current level of technologies of corresponding field
of economy. In construction industry, the development of
technologies is connected with implementation of building
information modeling.

The basic knowledge and skills necessary for information
modeling of construction objects has been defined.

These skills and knowledge formed the base for the draft
of professional standard "Specialist in the field of information
modeling in construction", which was proposed by the author
of the paper. These competences can be also the base of
educational programs.

In the future, the BIM content of disciplines related to the
solution of specialized tasks at different stages of the life cycle
of the construction object will be developed.
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