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Abstract. The paper examines the possible effects of information and communication technologies
(ICT) on educational institutions (four directions of impacts and four axes of measuring changes—
pedagogy, technology, organization, and economics). The authors propose to use four classes of
models to describe all forms of technology-based education and possible transformations of
educational institutions under the influence of ICT to analyze the modern experience of digital
transformation: a value chain model describing the primary and secondary activities of an
educational institution; a diagram of added quality chains describing the sequence of actions carried
out by an educational institution; a model of the routine loop of a teacher (employee) of an
educational institution, describing his/her daily activities, taking into account the use of software
products and computer and communication technology, displayed at the appropriate place in the
value chain; the event chain of the process, detailing the description of the routine loops of teachers
(employees) and trainees, describing the logic of their actions, incoming and outgoing information,
information systems used, and all types of interactions in the educational process between a
trainees and a teacher, a trainee and training material, and a trainee and his own himself. As a result,
a tool has been created to describe and research all modern forms of technological education and
their digital transformation.

Keywords: Digital transformation of education; Digital transformation of education process
modeling; Technology-based education

1. Introduction

Education, as a branch of the economy and as a system and process of knowledge
transfer, is subject to the same changes that are currently undergoing in all areas of human
activity under the influence of information and communication technologies (ICT). First,
education as an industry undergoes digitalization processes and becomes part of the digital
economy. Second, the rapid development of ICT brings these technologies to the forefront
as a tool for transforming the education process itself as a system of knowledge transfer.
Third, due to its interdisciplinarity, ICTs serve as an object of study and change the content
of educational programs for almost all profiles.

Possible directions of transformation of education under the influence of ICT are
determined by four related areas within which it is possible to monitor changes in
educational organizations (EOs): pedagogy, technology, management, and economics.

Within the framework of pedagogy, one can distinguish between traditional education,
technology-based education, and hybrid models as models of convergence of traditional
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education and technology-based education. The field of “technologies” describes the ICT

used for the educational process. Changes in the organization are associated with the use

of ICT for the management of educational institutions. The fourth area of change is the
economic model of delivering or providing education. The changes in education in these
four directions for different but interrelated dynamics that need to be studied.

It is possible to distinguish generations of technologies and link them with educational
models as Taylor (2001) did: from printed materials and distance learning to electronic
content and flexible learning models. It should be noted that the educational process can be
divided into following phases: (1) development of educational content and its
demonstration; (2) consolidation of educational material; (3) control of knowledge and
activity; and (4) assessment. In this case, the technological strengthening of the educational
process is mainly associated with the use of various software products for training at the
appropriate phases of the educational process, for example, tutor programs and electronic
textbooks, business games, semantic networks, glossaries, simulation and digital twins,
subject-oriented systems, virtual and augmented reality, artificial intelligence, test
programs, etc. (Gillpatrick, 2020; Newman, 2017).

Thus, the development of ICT has predetermined the evolution of forms and methods
of technology-based education and the formation of a modern environment of an
educational institution. The use of technology and automation play a significant role in
increasing productivity in education and will continue to do so (Berawi, 2020). Specific
types of such education can be described as a wide range of forms, for example, electronic
self-education through video materials; training in social networks; training in virtual
environments; distance learning; e-learning environments with a learning management
system (LMS; e.g., Moodle, Sakai, Blackboard, WebCT, Canvas, etc.), and with a virtual
educational environment (Schmidt and Tang, 2020).

A large number of studies have been devoted to the peculiarities of technology-based
education. Their systematization was carried out on the basis of the Delphi expert
evaluation method (Zawacki-Richter, 2009). In research scheme, there are three levels of
classification of research names in the field of technology-based education. Research
classes are defined at each such level:

1. Macro—systems and theories (access, equality, and ethics; globalization of education
and cross-cultural aspects; educational systems and institutions; theories and models;
and research methods and knowledge transfer).

2. Meso—management, organization, and technologies (management and organization;
costs and benefits; educational technologies; innovations and changes; professional
development and supervision; student -support services; and quality assurance).

3. Micro—teaching and learning (pedagogical design; interaction and communication in
educational communities; and characteristics of trainees).

These three levels, with the corresponding classes of research directions,
comprehensively describe and position all research and publications. There are reviews of
research that match the specified levels and classes (Zawacki-Richter, 2009; Zawacki-
Richter and Naidu, 2016; Zawacki-Richter and Latchem, 2018; Fermin Gonzalez, 2019;
Yildiz et al, 2020; Bozkurt and Zawacki-Richter, 2021). These reviews highlight the
concepts that repeat over time. These concepts include computer, students, ICT, schools,
models or training, which combine various thematic areas and concepts, and individual and
collective studies.

The modern idea of using ICT in education (in the industry, in the system, and in the
process of knowledge transfer) is the example of digital transformation. First, the use of
digital twins, virtual and augmented reality, human-machine interaction technologies etc.
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transforms the learning process itself. Second, the same technologies transform the
functions and processes of an EO and therefore lead to the transformation of organization
into a digital business company with continuous registration and identification of events,
forecasting and decision-making based on event brokers, big data analytics, cloud
computing, blockchains and smart contracts, artificial intelligence and machine learning,
and other technologies. This work is focused mainly on the transformation of education
itself as a system and the process of knowledge transfer.

The purpose of the work is to build models to describe the digital transformation of
education and educational institutions. In the total volume of the global education market
before the COVID-19 pandemic, the share of any form of technology-based education varied
from 1 to 3%. The forced transition to on-line education due to the pandemic has led to an
expansion of the forms and the scope of technology-based education. Most likely, this will
not lead to a long-term “technological revolution” (Altbach, Wit, 2020), but it may help
strengthen the process of forming a small number of elite, offline educational institutions
and a large number of mass online educational projects. In any case, considering the
possibilities of digital transformation of education in the development strategies of
educational institutions remains important and relevant. This relevance is explained by the
fact that in modern conditions, the strategies of EOs are primarily determined by the
capabilities of ITC used, but formulation of innovation strategy in education to increase
productivity relies on both organizational and strategic innovations and innovations in
information systems (Dachyar et al., 2015).

2. Methods

The process of education is considered as an object of the study, and its digitalization
is considered as a subject.

The idea of a value chain (Porter, 1985) is suggested as a tool for studying the impact
of ICT on educational institutions and the learning process as a kind of description of the
integration of primary and secondary activities of an EO. Primary and secondary activities
are the sequences of actions carried out by employees and teachers to achieve certain result
(primary activity) and ensure this result (secondary activity).

The primary activity of an educational institution includes the following sequence of
actions: marketing, advertising, recruitment, organization of training, methodological
work, training, and work with graduates. Secondary activities of an educational institution
are: procurement, maintenance of buildings and structures, creation and support of
infrastructure, finance, HR management, and so on.

The description of the primary and secondary activities of an EO is possible not only
through a value chain but also with the help of a value-added chain diagram (Scheer, 1998).
In this case, two models of valued-added chains should be built—one for secondary activity
and the other one for primary activity, which would reflect the same actions that were
described in the value chain.

In practice, these representations are the models of the upper level. Top-level models
can be detailed in-depth as required for the study. For example, training can be described
as the following sequence of actions: content formation, demonstration of educational
material, consolidation of educational material, and knowledge control. At some
subsequent level of detail, “learning” will be described by the following sequence of actions:
“interaction,” “communication,” “motivation,” and so on. And, for example, the
decomposition of the action “recruitment to an educational institution” will require, among
other things, the use of “communication with applicants” and other clarifying actions.

Any actions described in the framework of top-level models relate to the functions,
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processes, or projects of an EO and are carried out by an individual employee (teacher) or
a group of employees (teachers)—a personnel unit. The personnel unit’s actions are
repetitive and on a day-to-day basis. To perform these actions, the personnel unit is
endowed with some procedures that describe the algorithm for performing the action—
information and software (SW) products that support the logic of performing the action
(procedure) and computing and communication resources, that is, hardware (HW)
products. The personnel unit with the corresponding SW and HW forms a routine loop of
the EO for the execution of the concrete action (Figure 1).
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Figure 1 Routine loop of a personnel unit or trainee

The action quality can be influenced in three ways: (1) by increasing the degree of training
of the personnel unit, (2) by improving SW, and (3) by performing a HW upgrade. A routine
loop describes the ability of a personnel unit to perform an action using SW and HW. For
trainees, it is also necessary to build routine loops within the “training” process. Such
routine loops describe how (procedures) and with the help of which software and hardware
the training is carried out. The procedures of trainees describe the observed types of
interactions in the educational process: between trainees, between trainees and teacher,
between trainees and learning material (Moore, 1997; Moore and Kearsley, 1996), and
between trainees and their own selves (Lynch, 2002). Thus, a value chain with routine loops
is the activity model of an EO (Figure 2).
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Figure 2 The value chain of an educational organization

The impact of ICT on education in the “pedagogy” part will be reflected in the sequence
of actions in the primary activity and the nature of the details of the “training” action. The
volume of investments in infrastructure is a consequence of the choice of an education
model within a pedagogical dimension. This is described by routine loops of supporting
activity. The organization and implementation of the educational process, and the activities
of the educational institution itself, will be described by routine loops of all primary
activities and part of secondary activities.

Further detailing of the EO activity model is associated with the representation of
routine loops in the form of an event—extended event-driven process chain (Scheer, 1998).
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Process event chains are created for each action in the primary and secondary parts of the
value chain. These models allow to algorithmize the description of routine loops of
personnel units and trainees, describing the logic of their actions, incoming and outgoing
information, information systems used, and all types of interactions in the educational
process: between trainees, between trainees and the teacher, between the trainee and the
training material, and between the trainee and his own self. An example of a value chain
fragment for the “recruitment” process is shown in Figure 3.

The variability of eEPC models for the “training” action in the value chain is provided
by the use of various ICTs to form routine loops of personnel units and trainees within this
action.

As a result, different forms of value chains and different sequences of actions, set as
routine loops of personnel units, allow to describe possible forms of technology-based
education.
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Figure 3 Example of a value chain fragment for the “recruitment” process

3. Results and Discussion

Thus, models proposed in the Section 2 allow ranking the extent of the use of ICT in an
EO. In the case when changing the routine loops of personnel units and trainees under the
influence of ICT does not affect their functionality and improves it according to certain
parameters, we are talking about automation. The next stage in terms of the impact of ICT
is informatization.

Informatization is a change in the strategy and business models (or their elements)
under the influence of ICT. Informatization is based on automation. At this level of ICT
impact, an information environment that provides new material for the work on content
creation, training, knowledge verification, and qualification recognition is being created
(see, e.g., Newman, 2017; Schmidt and Tang, 2020).

The latest at the moment stage of the ICT impact is digitalization. Digitalization includes
the previous phases, automation, and informatization, and involves a fundamental change
in the strategy and business model of an EO, as well as the learning process itself. The
business model of an EO takes one of the forms of a digital company (e.g., a data-driven
company), and the educational process involves the use of cyber-physical systems.

Digitalization involves development of digital education infrastructure (providing
high-performance computing, big data, productive data storage systems, the Internet of
Things, etc.), digital teaching materials, tools and services (intelligent learning systems and
chatbots, artificial intelligence and machine learning systems, automated assessment,
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educational analytics, consulting systems, personal educational content, virtual reality
technologies, digital twins, video games and simulators, blockchain technologies, etc.), and
creation of new models for organizing educational work (changing access to information,
network communities of trainees, mobile communication with the teacher, and
individualization of educational work). A generalized description of the transformation of
an EO under the influence of ICT is presented in Figure 4.

Pedagogy
Forms of education Traditional education ‘ Hybrid forms of education Technology-based education
Observed types of Between trainees, between trainees and teachers, between trainee and learning material, and between
interactions in the trainee and his own self
learning process
Technology
Learning system Computer-based technologies, Web-based technologies, Stand-alone multimedia learning, et cetera.
Distance learning
e-Learning
Smart Education
Extent of ICT use Automation
Informatization
Digitalization
The object of Routine loops of personnel units and trainees
transformation
Strategy and business model
Organization
ICT application ICT for education organization management
Organizational forms Traditional educational | Advanced in terms of ICT On-line Digital business
organization organization. Distance educational organizations. Data-
learning organization organization driven company etc.
Economy
Economic models of education provision
Financial models of educational organizations

Figure 4 Transformation of an educational organization under the influence of ICT

Analysis of publications in the journals “International Review of Research in Open and
Distance Learning,” “Distance Education,” “Computers & Education,” as well as some others
allow us to trace the change in research directions in the field of application of ICT in
education from “computer-based technologies” and “standalone multimedia learning” to
“online learning in digital age.” Modern research is largely devoted to issues related to open
education and design, support, and quality assurance of online education with the
introduction and use of educational technologies and digital tools. In general, research is
distributed in the same areas of research at macro, meso, and micro levels that are
described in section 1.

At the macro level (systems and theories), research is dominated by general issues of
open education (Bozkurt and Zawacki-Richter, 2021); pedagogical innovations and
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practices using technologies (Guardia et al., 2021); with the transformation of pedagogy
(Tietjen and Asino, 2021). This can also include works on the “education for sustainable
development,” including issues of assessing the impact of the use of technology on
campuses and the educational process (Suwartha and Berawi, 2019) and research on the
impact of factors of digitalization of the regional economy on the competitiveness of local
educational institutions and sustainable development (Koroleva and Kuratova, 2020).

At the meso level (management, organization, and technology), research focuses on the
development, support, and quality assurance in online education (Bozkurt and Zawacki-
Richter, 2021). The details of the current state of research in the field of technology-based
education are determined by 16 topics formed as a result of the analysis of 41925 peer-
reviewed publications (Gurcan etal., 2021). Among these topics, the leaders are the Massive
Open Online Courser (MOOCs) “learning assessment”, "e-learning systems”, “learning
algorithms”, “learning factors” and “adaptive learning.” As we can see, they relate to three
interrelated areas of education transformation—pedagogy, technology, and organization.
The largest increase in research is noted in the areas of “learning algorithms” and “learning
factors.” This indicates a movement towards personalized learning based on individualized
and adaptive learning environments.

Micro-level research (teaching and learning) is mainly devoted to the implementation
and use of educational technology, media, and digital tools. Thus, Cisel and Pontalier (2021)
discuss modern educational platforms as knowledge markets, motivation, and strategies of
teachers’ behavior regarding such platforms. An indirect assessment of the implementation
of the observed types of interactions noted by us in the educational process was carried out
in the work of Martin etal. (2021). It analyzes the impact of synchronous and asynchronous
online learning on learning outcomes. Preference is given to the synchronous learning. The
study by Asvial et al. (2021) is devoted to the application of the theory of adoption and use
of integrated technology. It considers students’ perception of online learning technologies
and evaluates the same. The studied students are classified according to age, gender,
experience, and volunteerism. Four main factors of technology perception are studied: (1)
expected productivity; (2) expected duration of effort; (3) social impact; and (4) facilitating
conditions (confidence in infrastructure). As a result, the behavioral intention of the
trainees to use or reject a particular technology is predicted.

The dynamics of changes in the dominant research topics on technology-based
education is characterized by the following (Bozkurt, 2020): multimedia learning and
educational design (1993-1999); convergence of educational technologies, distance
education and online learning environments (1993-1999); changes in curricula under the
influence of technology, educational technologies in higher and distance education, and
research of educational technologies (2005-2009); online learning and higher education,
integration of ICT and the full potential of educational technologies (2010-2014);
intelligent educational technologies managed by data, big data, and learning analytics
(2015-2019). The described dynamics of research changes reflects the processes of
transformation of pedagogy, technology, organization, and economics in educational
institutions and corresponds to the ideas of transformation shown in Figure 4. At the same
time, existing publications on the digitalization of education are devoted to assessing its
current state and trends in the online education market (see, e.g., Petrusevich, 2020).

In general, researches have not yet proposed a tool for modeling the transformation of
education. Therefore, models proposed in this paper, which allow us to describe the
transformation process and assess the impact of ICT on education, are original and valuable
for practical use. It is proposed to use four classes of models to consider the potential of
digital transformation of the EO, for example, to trace the role of ICT and related changes in
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the traditional EO and advancement in terms of ICT organization, online EO, digital business
organizations. Also, the paper describes a fairly new model not widely used till now, the
“routine loops,” which describes the processes in an EO and all interactions within the
educational process.

The areas of ICT impact-pedagogy, technology, organization, and economy have
different potential and rates of change. Technologies (infrastructure, training tools,
administrative tools, content creation tools, and corresponding systems and technologies
for management) in an EO can be changed faster than any other else, however, it is slower
and more difficult to build a pedagogical component—the concept of using training course
and content management systems, virtual training enterprises, simulators and simulation
models, synchronous and asynchronous communication systems, mass open online courses
and corresponding platforms for these courses, and everything else for training purposes.

An essential component of the digitalization process is the economic model of
education. Technology-based education seems to be cheaper for students than
conventional education (Asvial et al.,, 2021) use the term “perceived cost”). And one of its
social functions is to ensure the availability of education (providing logistics for foreign
students and the possibility of virtual academic mobility). The advantages of such an
education include the opportunity to use the best teaching experience at a low cost in a
particular educational institution (MOOCs, joint content of university communities using
the same course and content management systems (LMS\LCMS), etc.). This is true for some
forms of technology-based education, but in general, the costs of creating good content and
infrastructure do not make this education cheaper than traditional education. However, the
creation of educational content for new forms of technology-based education allows us to
hope for leveling geographical boundaries and increasing the scale of appeal to students in
global markets.

One of the significant results of changes under the influence of ICT in education is
personalization of education and the management of students’ experience, similar to the
management of client experience. This means changes in pedagogy, technologies, and
organization, leading to the concept of “smart education,” within which it is possible to form
and implement an individual educational trajectory.

The main participants in all changes under the influence of ICT in an EO are the teachers
and the students. They must perceive innovations and have a certain level of digital literacy.
One can observe quite a different perception of hybrid and online forms of education based
on technologies by both of them (the teachers and the students). A number of studies (e.g.,
Dachyar et al., 2015) state the lack of adequate human resources in the implementation of
technologies. In any form of education, the complexity of the teacher’s work in the new
conditions increases significantly. Teachers should prepare additional electronic content,
record the result of trainings, and form and use procedures for obtaining and analyzing data
on the educational process. There is an obvious increase in the information intensity and
administrative burden for the teachers. In modern conditions, technology-based education
takes the form of online education. In this case, the functions of external control on the part
of the teacher are shifted toward the students themselves and are based on their
motivation, which may not be stable. The teacher has additional emotional difficulties of
conducting classes, hence the students’ motivation decreases and new and additional
distractions occur. In the absence of direct “live” communication, the culture and concepts
of “university,” “teacher,” “scientific school,” “leadership” are being destroyed. There is no
unifying spatial physical place of learning that provides collaboration, and therefore, the
possibility of forming socialization skills. In the case of online training, various personal
interferences are possible for the students, splitting group work. Thus, technology-based
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educational models should be chosen based on specific users’ needs and have specific
content based on the correct methodology and approaches, interesting content, high level
of motivation, a well-functioning software and technical base.

A significant problem of education digitalization is the applicability of forms of
education based on technologies. Very often, these forms do not fully comply with the
legislation and local acts of educational institutions. And for the real implementation of all
these educational innovations, changes in academic planning, infrastructure, organization
and organizational culture, teachers, students and employees, etc. are required.

4. Conclusions

ICT are an essential driver of the evolution of the modern education forms. Under their
influence, the environment of functioning, EOs themselves, and the educational process are
changing. The current phase of such an impact of ICT on the education sector is
digitalization.

It is necessary to solve the problem of describing the impact of processes of
manifestation of the ICT on education. Since modeling is a natural and often the only way
to study the surrounding world, building models of such a manifestation seems to be a
reasonable way of research. The proposed types of models allow to describe various forms
of educational institutions that arise under the influence of ICT and the processes carried
out in them, including the process of education with the observed types of interactions
within the educational environment. Generalized organizational forms of educational
institutions, depending on the nature of the use of ICT in them, are shown in Figure 4. Each
of these forms will correspond to a specific value chain in terms of the routine loops used
and the sequence of their use in the primary and secondary activities of an EO (mapping
processes in the organization and the learning process).

Comparison between value chains with the respective value chains of competitors and
the average industry value chain allows to assess the contribution of already used ICTs in
EOs. It also allows to figure out in which part of the business processes and functions the
EO lags behind or outstrips competitors or the average indicators for the industry. For
example, in a generalized form, the value chain of a traditional educational institution is
shown in Figure 2. A detailed “learning process” action is represented by a sequence of
routine loops: development of educational materials, demonstration of educational content,
consolidation of acquired knowledge, and knowledge control. Each of these routine loops
can be transformed with the help of specialized ICTs. So, an EO that has implemented an
LMS is changing all four routine loops within the learning process. And it will change the
scale of the appeal to students, create technological barriers for other EOs to enter the same
market, change the requirements for their own teachers and students, and much more.
Further detailing of the description of the listed routine loops is carried out using eEPC
models (as shown in Figure 3), which allows describing each routine loop in the following
aspects: event-action (algorithm), input and output information for each action, personnel
units or trainee for the execution of the action, and used ICT. Depending on the goals, the
described models can be constructed, first, in the “modeling object” dimension: own EO,
competitor organizations, description of a medium-sized conditional EO, and second, in the
format “as is” or “to be.”

The conducted research supports educational institutions in building a tool for
deciding the required portfolio of ICT applications and realizing their digitalization
program. Of course, when implementing this program, an educational institution should
consider the applicability of the different forms of education based on technologies in
personnel, technological, organizational, customer, and legal aspects.
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