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The article examines the university ecosystem and the factors influencing its development. Based on the

method of bibliometric analysis, clusters and the connection between the principal terms used in modern
scientific literature on the topic of the university ecosystem were identified. It is concluded that digitalization
affects the transformation and functioning of the main processes taking place at the university. The work
shows that digitalization acts not only as an active participant in the processes of formation and functioning
of the university ecosystem but is also a key component based on which the concept of the university’s digital
environment is built. To develop the digital environment of the university ecosystem, an algorithm, which
represents an essential practical result for introducing a digital solution, has been proposed.

1 INTRODUCTION

The ecosystem approach began to be used for
research in economic sciences relatively recently, but
it is based on a systems paradigm. This approach
shows the importance of understanding the entire
system in which human capital is reproduced,
including social, economic and other factors that
contribute to its development. The concept of
«university ecosystem» expands the scope of
scientific research and opens up new directions for
researching the development of human capital in the
modern transforming digital economy. Digitalization,
as one of the key factors in the development of the
university ecosystem, is becoming a tool for effective
knowledge transfer, a means of building a new
scientific, educational and business environment, and
making education and science more accessible.
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2 THEORETICAL AND
METHODOLOGICAL
FOUNDATIONS OF THE TERM
UNIVERSITY ECOSYSTEM

Currently, the ecosystem approach makes it possible
to create a unified methodology for studying a whole
complex of new socio-economic phenomena and
concepts of modern economics.

Today, many sectors of the economy are creating
ecosystems that serve to meet human needs by
creating new models of interaction. The concept of a
business ecosystem arose in the early 1990s; it was
proposed by the famous researcher J. Moore (Moore,
1996). For the first time, he began to view the
company not as a separate organization, but as an
online community with many participants who
collaborate to achieve common goals. Then, starting
around 2000, more and more papers began to be
published that examined various socio-economic



ecosystems. The term ‘ecosystem' has become
widespread in the context of stimulating innovation
and startup development, but its understanding may
vary among researchers and practitioners. The
following aspects are commonly associated with
ecosystems in innovation and entrepreneurship:
access to resources and finance, networking and
interaction between ecosystem participants, and
cultural and social factors, that can influence the
ecosystem'’s ability to innovate and entrepreneurship.
However, ecosystems can vary in nature and scale,
and effective ecosystem management permanently
involves a very complex process.

The Russian scientific literature also contains
several works on the topic of the ecosystem approach.
According to G. B. Kleiner, socio-economic
ecosystems should be understood as «localized
complexes of organizations, business processes,
innovative projects and infrastructure systems
capable of long-term functioning due to the
circulation of resources and products» (Klejner,
2018). His work identifies four main components of
the ecosystem: organizational; environmental;
process; design.

The issue of forming innovation ecosystems to
generate new knowledge, as well as technology
transfer, has been actively studied by many foreign
and domestic authors in recent years. In recent years,
terms such as entrepreneurial ecosystem, innovation
ecosystem, educational ecosystem, and others have
increasingly appeared in domestic and foreign
publications.

Publications typically view the entrepreneurial
ecosystem as a dynamic, complex environment in
which ecosystem participants «interact» in a
nonlinear way (Cao, Shi, 2020). It is noted that such
interaction cannot be reproduced in other
environments, that is, each ecosystem has its own
complex set of interactions and relationships,
determined by the influence of various cultural,
historical and other factors (Lahikainen, Kolhinen,
Ruskovaara, Pihkala, 2019).

In other foreign studies, an innovation ecosystem
is thought of as «a continuously changing set of
actors, activities and objects, as well as institutions
and relationships, including mutually complementary
and substituting relationships that are important for
the innovative activity of an actor or group of actors»
(Granstranda, Holgerssonb, 2020).

The concept of an «entrepreneurial university
ecosystemy is also quite common in the scientific
literature. An example is a publication that examines
the influence of the entrepreneurial university
ecosystem, that is, incubators and entrepreneurship

training programs on the subsequent choice of career
model by graduates (Guerrero, Urbano, Gajon, 2020).

Despite the differences in scientific terminology,
many researchers note that the boundaries between
such definitions are very unclear (Alvedalen,
Boschma, 2017). Thus, in the essential content of the
categories «entrepreneurial ecosystemy, «university
ecosystemy, and «innovation ecosystemy, there is no
such scientific rigor, which, in turn, leads to a lack of
general clarity of what such an ecosystem is and how
it works (Spigel, Harrison, 2018).

The concepts of ecosystems listed above are
similar in many ways and indicate that the ability to
build ecosystems becomes an advantage in any area
of society, not only in business but also in higher
education as well.

In this regard, of interest are such concepts as are
increasingly appearing in the scientific literature:
«innovation ecosystemy, «entrepreneurial
ecosystemy,  «university ecosystemy,  «digital
ecosystemy, etc.

Taking into account the above information, which
reveals the issue of the diversity of approaches to
understanding and defining the university ecosystem,
the authors, in the course of the study, formulated the
following definition of the category under
consideration. The university ecosystem is a flexible
and adaptive self-organizing system, which is based
on a complex of socio-economic relations and
network interactions that are formed and developing
between elements of the university structure and
external environmental actors from various fields of
activity and of a mutually beneficial nature (lzotova,
Gavrilyuk, 2021).

2.1 Bibliometric analysis of the concept
of university ecosystem

Within the framework of the approach we are
developing, a bibliometric analysis of articles on the
issue of ecosystem formation in universities is of
great methodological importance. The research
hypothesis is that in the scientific literature, there is
currently no single established concept of ecosystem
concerning the university environment; however,
such terms such as «innovation ecosystemy,
«entrepreneurial  ecosystemy, and  «university
ecosystem» are actively used in scientific
publications and can be used interchangeably.

A sample was prepared for analysis, which
included articles on the topic under study from the
international database of scientific publications. The
following keywords were chosen: 'university' and
‘ecosystem’. It is these terms that form the identity of



the field being studied. Such a query showed 9,308
document search results from 1959 to June 2022 in
the Scopus article database. However, in this sample,
most of the articles are devoted to biological
ecosystems. Our task was to select publications where
this term refers to economic and social systems. For
this purpose, a filter of branches of knowledge was
applied. Only two spheres of knowledge were
selected related to economics:  «Business,
Management and Accounting» and «Economics,
Econometrics and Financey. This sample showed 859
document search results. The period for publication
of articles was not limited, but it can be concluded
that the topic has become widely covered only in
recent years. Based on these systematic data, we
conclude that the ecosystem approach concerning the
university is a hot topic and widely studied by the
scientific community; several terms are close and
interchangeable. At the same time, we can note the
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Figure 1: Map of the relationship of terms.

The most frequently used terms were: university,
ecosystem, innovation, entrepreneurship, innovation
ecosystem, etc.

These results indicate the construction of an
ecosystem around the core - the university through
network interactions. In this case, the student acts as
the primary «consumery; he is provided with a wide

range of opportunities not only within one
educational institution but from a whole network of
interconnected subsystems - participants in such a
university ecosystem.

Thus, the university ecosystem is a flexible and
adaptive system based on a complex of socio-
economic relations formed between elements of the



university structure and external environmental
actors from various fields of activity and of a
mutually beneficial nature. The essence of mutual
interest is in the fact that representatives from outside
contribute to the development of the university in its
main areas — education, science and innovation — and
components of the higher education environment, in
turn, take part in the successful implementation of the
tasks of these representatives.

The synergistic effect from joint interaction can
be aimed not only at improving the performance of
the university and external stakeholders but also serve
as the basis for the innovative, scientific and
entrepreneurial projects creation and developments
that can globally influence the economic level of the
state.

3 FACTORS IN THE
DEVELOPMENT OF THE
UNIVERSITY ECOSYSTEM

According to experts, modern higher education is
acquiring the following characteristics: globalization
(unification of knowledge), massification
(accessibility to the majority), democratization
(expansion of rights), technologization and
digitalization, increasing the role of human capital,
continuity of education throughout life, etc.
(Konstantinova, Shubenkova, Gagiev, 2021). All
these factors influence the development of the
university  ecosystem. However, in  modern
conditions, the factor digitalization is of particular
importance.

In modern realities, digitalization is a global trend
in the development of all spheres of society. The
higher education sector is no exception since
digitalization has a powerful impact on the
transformation and functioning of the main processes
taking place at the university and on the level of
competitiveness of higher education institutions.

Digitalization of higher education necessitates a
revision of the methodological foundations of its
transformation,  identifying the impact of
digitalization on the structure and functions of the
system being studied. Today, in the context of the
transition of the higher education system to the model
of educational ecosystems, completely new
qualitative and quantitative characteristics of human
capital are being formed. Thus, according to modern
Russian experts, the ecosystem model in higher
education is the construction of education around the
student in any space, both offline and online.

Ecosystems are understood as independent
participants cooperating around innovations that
cannot be managed centrally. Such participants, in
addition to universities themselves, can be digital
platforms, large companies interested in cooperation
with  the scientific  environment,  startups,
communities and other organizations that regulate
this area (Spencer-Keyse, Luksha, Cubista, 2020).

It is also worth noting that digitalization not only
acts as an active participant in the processes of
formation and further functioning of the university
ecosystem but is also a key component based on
which the concept of the «digital environment of the
university» is built which reflects the diversity and
complexity of the relationships between the digital
environment and the university. The digital
ecosystem of a university is a digital infrastructure
and environment in which numerous digital
components form synergistic relationships and
cooperation while having the ability to adapt to local
conditions  evolutionarily  (Klimov, Zarechkin,
Kupriyanovskij, 2019).

In addition, just like in business structures,
universities are experiencing a transition from rigid
administrative forms of management to network
mechanisms for the interaction of various horizontal
structures. If in business such processes are already
evident and examples of large ecosystem companies
are known, then in education such phenomena are not
so noticeable.

Thus, ecosystems today are beginning to be
viewed as a new institutional form, combining not
only various organizational structures but also the
digital environment.

3.1 Digitalization of the university

The process of digitalization of the university, as one
of the most important factors in the development of
its ecosystem, can be generally presented in the form
of the following stages:

1. Digitization is the information-transferring
process from physical or analogue form to digital
format. The first stage is represented by two
procedures -  digitization and  information
organization.

1.1. Digitize information. It is assumed that at this
step the educational organization will convert all its
existing information resources (textbooks, teaching
aids, literature, documentation, scientific articles,
etc.) into digital form.

1.2. Organize information. The process under
consideration consists of creating, forming and
introducing into the university activities an archive or



database, which consists of previously digitized data.
Also, at this stage, information can be catalogued,
which will help to describe, classify and distribute it

in detail.

2. Digitalization. After the digitization stage

comes the digitalization stage,

which is the

introduction of digital technologies or the use of
digital solutions in individual processes of an
educational institution to transform them.

2.1. Automate the process. This step will involve
the integration of digital technologies, which are parts
of the «digital university» model, into the business
processes of the university. Let us take a closer look
at some of the elements of the digital model. Table 1
shows the components of a «digital university» that
are proposed for the process of transition of a
university from a classical character to a digital one

(Kuzina, 2020).

Table 1: Elements of the «digital university» model.

Electronic
Dean’s office

It is an administrative service for a
university information portal or
system that combines the
functionality of the dean’s office
(management decisions) and the
student office (automation of the
organization and support of the
educational process).

Competence
Center

The competency center up-grading
used for improving the
qualifications and level of teaching
staff digital skills will help to
perfect the concept of lifelong
learning in the educational process.

AR, VR and
virtual simulators

The digital technology data usage
in  educational modules and
trajectories helps to see new
opportunities in the educational
process.

Element of the
«digital
university»

Element essence

Digital Library

It is a single centralized system that
provides access to the necessary
information resources at any
specific time from any device.

Digital Campus

A portal containing an information
environment for all participants in
the educational process, which is a
comprehensive solution with the
functionality of an educational
system and a social network.

LMS system

It is a learning management system
focused on setting up effective
parameters for interaction between
all participants in the educational
process during digital education.

It's introduced as an online
platform on which they can
exchange various educational

materials for independent mastery
of the discipline. This platform also
allows them to upload homework
and tests to test their knowledge.

Electronic
Student ID

It is a digital device that combines
the functions of a student card, a
pass to the university and the
dormitory area, cards for paying for
various services (transport, meals),
an academic record book and a
digital library card.

Online courses

The creation of online courses and
their subsequent placement on open
MOOC platforms will increase the
availability and prevalence of
educational content.

Electronic Report
card

The basis of this digital solution is
an analogue of the classic
educational record, which is
presented in the form of a database
and is available to employees and
students. In addition to the
capabilities of a regular statement,
some functions allow one to

display data on the student’s
electives, information on
participation in scientific

conferences, projects, and various
achievements  (for  example,
winning a competition) in the form

«Digital
diplomay» model

This solution is based on
blockchain  technology, which
allows the diploma to contain data
on the student’s academic
performance, his participation in
various events, projects and
research, information about
advanced training courses, etc.

Student’s digital
footprint

A system for collecting and
tracking information, as well as a
data mining system, will help in
analyzing the student’s
development and setting up an
individual learning module.

of a portfolio.

Career guidance
and employment

These processes should also be
subject to digital transformation
because they directly affect the
university assessment level and are

effective work indicators.
Informing about available
vacancies through a personal




account or email newsletter and
creating and holding “career fairs”
online are examples of the
digitalization of employment.

Competence
Center

It is a digital coworking space - an
integrated space on the territory of
which project activities can be with
the involvement of researchers,
representatives of commercial
organizations and the state, as well
as students and teachers
themselves.

Teacher’s digital
portfolio

The activities of the teaching staff,
which includes digital ones, and the
results of its scientific (writing
articles) and educational (creating
digital educational content) efforts
should represent a digital portfolio
that has open access.

2.2. Optimize the process. This stage consists of
eliminating all problems and malfunctions and setting
the necessary parameters. During this step, it is
essential to carefully analyze the relationships
between the principal business processes occurring at
the university. As a result of the analysis, actions will
be taken aimed at eliminating duplicative actions and
identifying and eliminating the causes slowing down
the functioning of certain processes. Also, at this
stage, new digital solutions and tools may occur and
positively affect the efficiency of the university’s core
processes. Currently, several standard digital
solutions in the educational and scientific
environment of the university are used. These are
cloud technologies for storing large amounts of data,
digital platforms, digital twins, big data, VR/AR
technologies, etc. Integration of the presented digital
solutions into the processes of the university’s
activities increases the efficiency of their quality,
reduces the time spent on their implementation and
contributes to more innovations.

Thus, based on the information presented, we can
conclude that the digitalization of higher education
institutions is represented by two main stages, which
include the digitization of existing data and the
digitalization of business processes.

3.2 The development of an algorithm
for the process of a digital solution
implementing

The digitalization of universities is represented by the
introduction of digital solutions into the primary
business processes of the university and elements of
the university environment. To reflect the essence of

the process, it is necessary to develop an algorithm
for the university to introduce a digital solution.

The algorithm itself is a particular set of
instructions with the help of which it is possible to
describe the order of actions of the performer to solve
a specific problem.

- the entire set of actions will be presented
in the form of a graphic diagram, which contains the
following elements:

- the terminator indicating the beginning
and end of the process (rounded rectangle);

- the process, that displays the action
(rectangle);

- the solution, which helps to set certain
conditions for the execution of an action (diamond);

— the connector, which is responsible for
connecting the flow lines when broken (a circle with
a letter);

- the lines, which show the relationship
between all elements of the algorithm (arrows).

Figures 2, 3 and 4 show the algorithm for
the digital solution implementation

in the university.

The process of introducing a digital solution into
a higher education institution is conventionally
divided into five stages: Stage 1 — Initialization, Stage
2 — Preparation, Stage 3 - Beginning of
implementation, Stage 4 — Test use and Stage 5 —
Constant use.

At the Initial stage, there is a need to implement a
digital solution in a higher education institution. To
understand how implementation is going and what
resources are needed for this, an analysis of best
practices in integrating digital technologies into other
educational organizations is carried out. Next, it is
necessary to determine the level of digitalization of
the university into which the digital solution will be
implemented. The level of digitalization will be
determined through an audit of the institution’s digital
infrastructure, i.e. the equipment and information
services that the higher school owns.

First, it is necessary to understand whether the
university’s digital infrastructure allows them to
implement any solution. If the university’s digital
infrastructure is currently insufficient, the possibility
of acquiring the required equipment and technology
should be considered. The lack of budget does not
allow the university to purchase the required
equipment. Thus, we are moving towards the end of
the algorithm because we cannot implement a digital
solution at the university. With a sufficient budget,
the missing elements of the digital infrastructure are
purchased, and the level of digitalization begins to be



determined. This study is carried out to identify what
type of digital solution can be implemented at the
university: a high level of digitalization allows us to
talk about the integration of complex, end-to-end
digital solutions, such as a digital platform or a

management information system (MIS) of an
educational institution. At a low level of
digitalization, it is more effective to implement more
straightforward digital solutions, for example, online
courses or specific programs.



Start

Emergence of the need to implement a digital
solution at a university

v

Analysis of best practices for integrating digital
technologies into other educational organizations

v

Determining the digitalization university level based
on an audit of digital infrastructure
(equipment and services)

Does the digital
infrastructure allow for the
implementation of a digital
solution?

Is there enough budget
to purchase the necessary
equipment and technology?

The necessary equipment
and technologies purchase

Preparation for simple NO
digital solutions (online
course) implementation

Preparation for the
comprehensive digital

Is the level of digitalization solutions (digital

high?

platform, MIS)
implementation

The digital solution integration plan formation

Figure 2: Algorithm for the digital solution implementation in the University (1).



The preparation of standards and regulations that support the integration of
digital technologies into the activities of the university; informational and
methodological resources

Are there enough information and NO

methodological resources for
implementation conducting?

YES

Identifying the competencies required for knowledgeable digital solution
implementation and use

Are there enough competencies?

The required competencies training
through advanced training courses

YES |

Preparation and organization of the digital solution according to the plan

v

Users' training to work with the digital solution

v

Provision of the organizational mechanisms, including those based on
network resources available to the university (for example, in terms of
technical support)

v

The digital solution implantation

Figure 3: Algorithm for the digital solution implementation in the University (2).




Test use of the digital solution for a certain period
(for example, 2 weeks)

v

Collecting the feedback from users - students, teachers and
university staff

v

Discussion of the advantages and disadvantages of the digital
solution implementing

YES

Does the digital solution meet

The error in the
integrated digital
solution's planning
and choosing

NO

the specified requirements?

Incorrect configuration of
technical systems

Correcting the errors and
configuring the system

What is the cause of the
problems?

Inability to work with the
digital solution

Completing the training on
working with digital tools

y

The procedures and work regulation adjustment within the
framework of the digital solution usage

v

Full use of the digital solution and its support

END

Figure 4: Algorithm for the digital solution implementation in the University (3).



After the first stage, we move on to the
Preparation stage, which begins with the digital
solution integration plan formation. This plan can
outline the timing, phases, necessary equipment and
personnel for proper implementation. Then, one
should start preparing standards, regulations that
support the integration of digital technologies into the
activities of the university, and information and
methodological resources. If there is a lack of
information and methodological resources for
implementation, you should return to the previous
preparation process. The development of standards is
followed by the definition of competencies, which
allows the implementation and use of digital
adoption. These competencies are to be determined
by university teachers and staff. If competencies are
insufficient, it is worth taking advanced training
courses to learn the required knowledge.

Further on begins the Implementation stage, which
contains various preparation processes. Firstly, it is
necessary to carry out the work on the digital solution
integration, which is formed based on the previously
developed plan (purchasing missing material and
technical elements, hiring implementation specialists,
preparing a budget, etc.). Secondly, it's necessary to
train users to work with the implemented digital
solution. Thirdly, the university needs to provide
particular organizational mechanisms that would
further support the digital solution. Such mechanisms
can be formed based on the available university
network resources — technical support. After all the
preparatory work has been completed, one can begin to
implement the digital solution itself.

After the beginning of implementation, there is a
stage associated with Test use. Following the digital
solution implementation, there is the process of its
test use over a certain period. Test use allows us to
see all the problems of implementing and using the
tool by collecting feedback from users - students,
teachers and university staff. The information
received leads to a discussion of the pros and cons of
the implementation, during which the following
question arises: does the digital solution meet the
specified requirements and satisfy the users? If the
answer is negative, it is necessary to consider the
causes of the problems that have arisen, which may
be associated with several factors. If all the
difficulties lie in the inability to work with the digital
solution, one should undergo training on how to work
with it. Incorrect configuration of technical systems
and technical problems require error correction and
further system adjustment. Errors caused by
inaccurate planning and wrong choice of the
integrated solution are resolved using more radical

measures. To do this, one needs to return to the
second stage of the algorithm - The Preparation stage
- and re-go through the process of choosing a solution
and drawing up a plan. After eliminating all the
problems found during test use, one can move on to
adjusting procedures and work regulations within the
framework of using the digital solution.

The final stage of Continuous use includes the
procedure of full use of the digital solution by all
persons of the university and its further backing,
which consists of its technical support and
improvement.

4 THE ROLE OF
DIGITALIZATION IN THE
PROCESSES OF FORMATION
AND DEVELOPMENT OF THE
UNIVERSITY ECOSYSTEM

An analysis of the author’s approach to defining the
concept of «university ecosystem» shows that the
development of an effective ecosystem is based on
interaction processes occurring at two levels:

— Interaction of elements of the university
environment with each other (internal circuit);

— Interaction between elements of the university
environment and external environmental actors from
various fields of activity (external circuit).

The internal circuit of the university ecosystem is
expressed through the essential resources that
underlie the work of a higher education institution:
human, material, information and financial. Through
the use and interaction of the presented elements, the
university develops in three main areas: education,
science and innovation. An effectively organized
structure of the internal environment makes it
possible to provide favourable conditions for the
subsequent creation of productive connections with
participants in the external environment.

The external circuit is a complex of stakeholders
from various fields (science, business, government,
etc.) and the conjunction of the university’s
relationships with them. At the same time, a
developed ecosystem presupposes not only the very
fact of the existence of contacts but comprehensive
work with the organization aimed at meeting the
needs of the market and the challenges of the fourth
industrial revolution, which, in turn, directly affect
the quality of life of society as a whole (Wang, Wu,
Xu, Chen, 2021).



Let's consider how the digitalization of the
university, represented by the introduction of various
digital solutions into its environment, will influence
the formation and development of relationships
between ecosystem participants at both levels (see
Table 2).

Table 2: Impact of digitalization on elements of the
university ecosystem.

Internal circuit External circuit

Educational  processes:  the
digital tools in the learning
process implanting  (online
courses, video conferencing
programs, email, etc.)

Organizational and
Management processes: the
digital tools in management

Digitalization
increases the

processes implanting | efficiency of the
(electronic document | process of
management, university | interaction between

information system with the | the university and
possibility of communication | external actors
between subjects, etc.) through the use of

Scientific Research processes | digital tools: digital
(R&D): the implanting of digital | communication
tools in scientific process | platforms (digital
(access to electronic databases, | Pplatforms, social
digital libraries, online | networks, virtual
conferences, etc.) accelerators, etc.)

Innovation processes: the digital
tools in the creating innovations
processes implanting (use of
various computer  software
products, digital
communication platforms, etc.)

The tools of the digital environment presented in
the table are aimed at optimizing the process of
organizing effective relationships between objects of
the internal environment of the university itself and
between representatives of the university and
stakeholders from the external environment. Building
mutually beneficial relationships is one of the basic
principles of creating a working ecosystem because,
in many ways, the essence of the ecosystem itself lies
in the totality of socio-economic relationships
between particular objects.

5 CONCLUSION

Considering the digitalization of a university as one
of the key factors in the effective development of its
ecosystem, one can note its leading role in building

effective connections and relationships between all
elements and participants of the ecosystem, both at
the internal and external levels.

The digitalization of the university itself is
expressed by a complex process consisting of a
certain number of stages and affecting a large number
of elements included in the university environment.
That is why this phenomenon also impacts the
university ecosystem, which is largely formed
according to the principle of self-organization.

Thus, digitalization plays a decisive role in the
formation of the university ecosystem: it does not
only increase the efficiency of processes of both
internal and external circuits of the university
ecosystem by improving the processes of interaction
between elements of the system itself but also acts as
the basis for creating the concept of the «university
digital ecosystem». That is why this phenomenon
should be taken into account for the ecosystem of a
modern competitive university formation and
development, capable of realizing its main tasks and
also significantly influencing the socio-economic
level of the country.
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