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EDUCATIONAL TECHNOLOGY INFORMATION SUPPORT

Annotation. The paper shows that the educational process in a university is a purposeful sequence of pedagogical operations
which is determined, directed and ensured by the accompanying informational support of educational tasks. Information technolo-
gies of stationary, correspondence and distance learning are the basis for building the structure and content of both specific academ-
ic disciplines and individual specialties. The literature analysis on the issues of philosophy and theory of education in universities
has shown that improving the quality of education and the development of its new forms is a steady trend of recent times. To some
extent, this is confirmed by the emergence of appropriate structures at the local (departments for ensuring the quality of education at
universities) and state (the National Agency for Quality Assurance in Higher Education) levels. We have witnessed the Bologna edu-
cation system with its corresponding pros and cons. We are currently facing a new challenge associated with a paradigm shift in
education. The essence of the new education paradigm is to replace the knowledge-based approach with the so-called competency-
based approach. The paper proposes a new "technological” approach to the strategy and tactics of the higher education pedagogical
system development (within the framework of the well-known trend of "sustainable development"), in accordance with which such
new concepts as the pedagogical system, pedagogical operations and their components are introduced, which together predeter-
mines the methodology for constructing curriculum programs and teaching technology. It is shown that the curriculum of the aca-
demic discipline (course) is complex hierarchical systems, the elements of which are at different levels of subordination (in accord-
ance with the goal tree) and depend on the individual initial training of students. Moreover, the methodology for constructing a hier-
archical academic discipline also determines the method of its assessment in quality control of both the academic discipline (course)
and the specialized educational department in which this discipline (course) is created. The features of recently adopted student-
centered (student-oriented) education technology are reflected, in accordance with which the share of selective disciplines (courses)
is increased, and traditional academic programs of disciplines (courses) — curricula — take the form of the so-called syllabus. The
interrelation of the research and educational activities of the teacher is shown, which should be reflected in the developed curricu-
lum of the course. It is proposed to evaluate the quality of this curriculum and the activities of the corresponding profile department
according to the criteria of consistency, problematicity and activity of the course.
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Introduction

Today e-learning has emerged as essential fea-
ture of the modern university teaching and is consid-
ered to be a specific-relevant performance criterion
for universities. The relevance of the paper topic can
be confirmed by the words spoken at the time by
prof. L. P. Kapitsa, to wit: “the education of human
creativity — is a fundamental task on which the fu-
ture of our civilization may depend on a global
scale, a task no less important than the problem of
peace and the prevention of atomic war.” This is one
side of the educational problem; the other side is the
so-called interactive computer aided learning based
on information and communication technologies in
university curricula, student team learning, distance
learning, etc.

One of the organization types is well known an
educational institution which is a place where people
of different ages gain an education, including pre-
schools, childcare, primary-elementary schools, sec-
ondary-high schools, and universities. They provide

a large variety of learning environments and learning
spaces. It is natural to expect that educational policy
in these developed countries is part of the economic
policy that these countries have been pursuing for a
long historical period of their development.

The Bologna Process is a series of ministerial
meetings and agreements between European coun-
tries to ensure comparability in the standards and
quality of higher-education qualifications. The pro-
cess has created the European Higher Education Ar-
ea under the Lisbon Recognition Convention. It is
named after the University of Bologna, where the
Bologna declaration was signed by education minis-
ters from 29 European countries in 1999. The pro-
cess was opened to other countries in the European
Cultural Convention of the Council of Europe, and
governmental meetings have been held in Prague
(2001), Berlin (2003), Bergen (2005), London
(2007), Leuven (2009), Budapest-Vienna (2010),
Bucharest (2012), Yerevan (2015) and Paris (2018).

We have witnessed the Bologna education sys-
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ment, we are facing a new challenge associated with
a paradigm shift in education. The essence of the
new paradigm is to replace the knowledge-based
approach with a competency-based approach. In ad-
dition, relationships in the teacher-student system
are changing now. According to the glossary ap-
proved by the decision of the National Agency for
Quality Assurance in Higher Education of Ukraine
of 29.08.2019 the student-centered approach consid-
ers the university entrant as a subject with their own
unique interests, needs and experience, able to be an
independent and responsible participant in the edu-
cational process. The opposite of this approach is the
paradigm of the student as an object of learning, not
capable of full-fledged activity, and therefore needs
education and care. In this paradigm, the higher edu-
cation institution (HEI) paternalistically decides
what and how students should learn. The student-
centered approach assumes mutual respect between
the student and the teacher, real selectivity of disci-
plines, participation of students in the system of in-
ternal quality assurance and accreditation of educa-
tional programs, availability of procedures of re-
sponse to complaints of students, etc. The teacher
role as a facilitator (intermediary) is increased. He
not only gives lectures, but also organizes interactive
communication, promotes personal development of
students, forms an atmosphere of mutual understand-
ing and trust.

1. Review on General Teaching Philosophy

Historically, the need for education was sec-
ondary and followed the needs of society and the
individual in that society. For example, during the
formation and development of the Soviet Union in
the 20s and 30s of the 20th century, there was a need
to build a plant (for the production of military
equipment or consumer goods). Call it the first con-
ditional plant.

But the plant is not only a building, but also
equipment. For the manufacture of equipment for
the mentioned first plant, it was necessary to build a
machine-tool plant (the second conditional plant). In
turn, for the production of machines at the machine-
tool plant there is a need for metal. For the produc-
tion of the metal there is another need to build a
blast furnace to smelt ore for the production of the
metal (the third plant) as well as the need for mines
for the extraction of the ore (the fourth plant) and
coal (the fifth plant).

Further, all the five plants listed above need
electricity and, therefore, a power plant (the sixth
plant) must be built. Finally, all of these plants need
trained engineers and professional workers. In this

regard, there is a need to open educational institu-
tions in the form of primary, secondary and higher
education. Thus, the requirements for the education
system stem from the needs of society and the indi-
vidual in this society.

Today there are many new education trends [1-
4]. In the theory of education the model of the hier-
archy of needs of Marlow is known. Maslow's hier-
archy of needs, represented as a pyramid with the
more basic needs at the bottom (Fig. 1).

Esteem

Love/belonging

Safety

Fig. 1. Maslow's hierarchy of needs pyramid

Physiological needs include: homeostasis,
health, food, water, sleep, clothes, shelter, and sex.
Safety and Security needs include: personal security,
emotional security, financial security, health and
well-being, safety needs against accidents/illness
and their adverse impacts. Social Belonging needs
include: friendships, intimacy, and family. Self-
esteem presents the typical human desire to be ac-
cepted and valued by others. People often engage in
a profession or hobby to gain recognition. These
activities give the person a sense of contribution or
value. Self-actualization can include: mate acquisi-
tion, parenting, utilizing & developing, abilities, uti-
lizing & developing talents, pursuing goals.

Learning Theory describes how students ab-
sorb, process, and retain their knowledge during
learning. Cognitive, emotional, and environmental
influences, as well as prior experience, all play a part
in how understanding, or a world view, is acquired
or changed and knowledge and skills retained.

Behaviorists look at learning as an aspect of
conditioning and advocate a system of rewards and
targets in education. Educators who embrace cogni-
tive theory believe that the definition of learning as a
change in behavior is too narrow, and study the
learner rather than their environment including the
complexities of human memory. Those who advo-
cate constructivism believe that a learner's ability to
learn relies largely on what they already know and
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understand, and the acquisition of knowledge should
be an individually tailored process of construction.

Transformative learning theory focuses on the
often-necessary change required in a learner's pre-
conceptions and world view. Geographical learning
theory focuses on the ways that contexts and envi-
ronments shape the learning process.

Outside the realm of educational psychology,
techniques to directly observe the functioning of the
brain during the learning process, such as event-
related potential and functional magnetic resonance
imaging, are used in educational neuroscience.

The theory of multiple intelligences, where
learning is seen as the interaction between dozens of
different functional areas in the brain each with their
own individual strengths and weaknesses in any par-
ticular human learner, has also been proposed but
empirical research has found the theory to be unsup-
ported by evidence.

Educational assessment or educational evalua-
tion is the systematic process of documenting and
using empirical data on the knowledge, skill, atti-
tudes, and beliefs to refine programs and improve
student learning. Assessment data can be obtained
from directly examining student work to assess the
achievement of learning outcomes or can be based
on data from which one can make inferences about
learning. Assessment is often used interchangeably
with test, but not limited to tests. Assessment can
focus on the individual learner, the learning commu-
nity (class, workshop, or other organized group of
learners), a course, an academic program, the institu-
tion, or the educational system as a whole (also
known as granularity). The word “assessment” came
into use in an educational context after the Second
World War.

As a continuous process, assessment establishes
measurable and clear student learning outcomes for
learning, provisioning a sufficient amount of learn-
ing opportunities to achieve these outcomes, imple-
menting a systematic way of gathering, analyzing
and interpreting evidence to determine how well
student learning matches expectations, and using the
collected information to inform improvement in stu-
dent learning. The final purpose of assessment prac-
tices in education depends on the theoretical frame-
work of the practitioners and researchers, their as-
sumptions and beliefs about the nature of human
mind, the origin of knowledge, and the process of
learning.

Learning by teaching (in the field of pedagogy)
is a method of teaching in which students are made
to learn material and prepare lessons to teach it to
the other students. There is a strong emphasis on
acquisition of life skills along with the subject mat-

ter. This method was originally defined by Jean-Pol
Martin in the 1980s. Learning by teaching is con-
nected with the so-called ‘monitorial system’,
‘madras system’, or lancasterian system which was
an education method that took hold during the early
19th century, because of Spanish, French, and Eng-
lish colonial education that was imposed into the
areas of expansion. This method was also known as
“mutual instruction” or the "Bell-Lancaster method"
after the British educators Andrew Bell and Joseph
Lancaster who both independently developed it. The
basic teaching and learning process used in the Mon-
itorial System has been used in passing knowledge
between people in many cultures because of its low
cost to benefit ratio. Numerous institutions use the
basic concept as their primary mode of instruction.

Educational technology is the use of physical
hardware, software, and educational theoretic means
to facilitate learning and improving performance by
creating, using, and managing appropriate techno-
logical processes and resources. There are several
discrete aspects to describing the intellectual and
technical development of educational technology, to
wit: theory and practice of educational approaches to
learning; technological tools and media, for instance
massive online courses, that assist in the communi-
cation of knowledge, and its development and ex-
change (this is usually what people are referring to
when they use the term “EdTech”); learning man-
agement systems, such as tools for student and cur-
riculum management, and education management
information systems; back-office management, such
as training management systems for logistics and
budget management, and Learning Record Store for
learning data storage and analysis; an educational
subject in which relevant courses may be called
“Computer Studies” or “Information and Communi-
cations Technology” also known as ICT.

So, the concept of pedagogical technology has
firmly entered the pedagogical vocabulary.

However, in his understanding and use, there
are big differences; however, most professionals
support the following four fundamentals:

(1) planning of training and education on the
basis of precisely defined desired standard;

(2) programming of the educational process in
the form of a strict sequence of actions of the teacher
and student;

(3) comparison of the results of training and ed-
ucation with the originally outlined standard both
during the educational process (monitoring) and in
summing up the results (learning outcomes);

(4) correction of results at any stage of the edu-
cational process.
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The last but not the least aspect is that of sci-
ence influence on both the society and education.
Science, technology, society and environment edu-
cation, originates from the science technology and
society movement in science education. This is an
outlook on science education that emphasizes the
teaching of scientific and technological develop-
ments in their cultural, economic, social and political
contexts. In this view of science education, students
are encouraged to engage in issues pertaining to the
impact of science on everyday life and make respon-
sible decisions about how to address such issues.
This meant that students would engage with differ-
ent viewpoints on issues concerning the impact of
science and technology on everyday life. They
would also understand the relevance of scientific
discoveries, rather than just concentrate on learning
scientific facts and theories that seemed distant from
their realities.

These and other issues of the interaction of sci-
ence and education are discussed in detail in the ref-
erences [5-16]. An analysis of these works shows
that when developing working curricula for most
technical disciplines, it is necessary to correctly
build a hierarchical system of related disciplines
based on engineering physics [17]. For example,
when developing the working curriculum on me-
chanical engineering technology, it is necessary to
take into account the results of a scientific study of
thermal phenomena during grinding [18-21].

So, there is some analogy between the techno-
logical processes in industry and education. Conse-
quently, the technological process in education (ped-
agogical process) can be represented by a hierar-
chical sequence of relevant technological operations,
which, in turn, can be divided into smaller steps (ed-
ucational transitions and working actions). The ob-
ject of processing is the professional worldview of
students who need to be trained.

2. Technological Approach to Engineering
Curriculum Design

2.1. Learning Outcomes

The following considerations and beliefs were
developed in conjunction with prof. L.I. Vol-
chkevich who was a known leading expert in peda-
gogy. Firstly, education is not aimed at training per-
sonnel, but personalities — the country's future elite.
Secondly, training should not focus on group, but on
individual teaching methods. Currently, it

looks like an “individual approach to students in a
collective learning environment”. Thirdly, the final

learning outcomes are only (and first of all) ex-
pressed in the categories of knowledge, being able to
create and/or implement, and skill (Fig. 2).

Knowledge is the generalized experience of
people in the form of facts, rules, conclusions, pat-
terns, ideas, theories that science owns.

Being able to create / implement (hereinafter
“being able t0”) is the ability to perform certain ac-
tions on the basis of acquired knowledge.

Skill (habit) is the being able to create and/or
implement which is brought to automatism.

Learning outcomes (results)

|

Being able to

Knowledge Skill

Fig.2. Learning outcomes (results)

2.2. System Representation and Assessment

of the Course

The main accounting unit of the educational
process is an academic discipline (academic subject,
course, etc., hereinafter the course).

Each discipline should be considered as a
knowledge system, i.e. as a coherent whole, com-
posed of a number of components — sections and
topics. An academic discipline (course) is a peda-
gogically substantiated information model of the
relevant science. If the discipline is defined as a sys-
tem, then the specialty’s curriculum will be a sub-
system, and sections (themes, modules) of the disci-
pline will be subsystems. Any section or topic (a
module in the credit-and-module-system) of the aca-
demic discipline should represent clearly defined
subsystems, composed, in turn, from a number of
interrelated notions and definitions.

The evaluation criterion is a systemic relation-
ship between previous engineering (training) disci-
plines (courses) and special disciplines that are part
of the specialty curriculum. A professionally pre-
pared discipline can be compared with a strong po-
lygonal pyramid, based on previous engineering dis-
ciplines (Fig. 3).
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Academic discipline

$ 4

Fig. 3. Structure of connections of the
current (provided) academic discipline
with the previous (providing)
engineering disciplines (1-5)

If the number of previous disciplines used in the
course is 5-6, then the assessment (in terms of the
system representation) should be “good”. A similar
pyramid (as Fig. 3) there should be a mutual rela-
tionship between general scientific and profiling de-
partments of the university. This mutual relation-
ship, as a sign of the system representation and
learning sequence is mentioned in the work.

2.3. The Course Activity

A course in academic discipline should include
following structural elements: systematics (general
part); special knowledge (theories, ideas, laws, prin-
ciples of this science); analysis as a “being able to”
(or skill) (Fig. 2 and Fig. 3); synthesis as a skill
(methods of calculation and design).

If the active part of the course (analysis, synthe-
sis, methods of calculation and design) is at least 40
%, then the assessment (in terms of activity) should
be “good” (according to prof. L.I. Volchkevich).

When choosing the type of education for a crea-
tive person preference should be given to problem
learning (Fig. 4)

Type of training
[

Informational Problem

(Describing, (Impelling,

Declarative, Developmental, —
Presentational) Educative)

“Thinking always begins with a problem
or question, from surprise or bewilder-

ment, from a contradiction”. e
(S. L. Rubinstein)
“Not so much to teach as to help to learn”

H

(V. P. Elyutin)

Fig. 4. Type and characteristic of training

The activity of the course to be taught can be
confirmed by the presence of such methods of scien-
tific research as analysis and synthesis (Fig. 5.).

Methods of scientific research
(as an active learning criterion)
in productive learning

|
v v

Analysis

Synthesis

Fig. 5. Unity of educational and scientific
activities in education

2.4. Student’s Independent Work

The student's independent work is a form of
training in which knowledge is acquired by the stu-
dent himself under the methodological guidance of
the teacher. In senior courses, this work should be
aimed at creative disclosure of personality, which
begins with the student bench. The university con-
tains the following types of student activities: prepa-
ration for lectures, seminars, laboratory work and
practical exercises, tests (module controls), exams.
This work also includes writing essays, term papers
and dissertations (projects). By the degree of creativ-
ity, the student's independent work is divided into
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the following types: according to the model; recon-
structive-variable; heuristic (partially search): crea-
tive research.

At the stage of student's independent work it
makes sense to transfer the experience of the super-
visor with graduate students to students. This re-
quires the interest of both the student and the teacher
in the systematization and acquisition of knowledge,
which is possible if the student is involved in the
sphere of scientific interests of his supervisor.

3. Student-Centered Education Paradigm

After the Ukrainian Revolution of Dignity in
2014, the radical reforming of the higher education
sector has started aiming to establish an autonomous
system aligned with the European higher education
and research area, to develop quality assurance sys-
tem at national and institutional levels, to ensure
accountable and autonomous university management
and governance, and to highly involve students and
the other stakeholders into the decision-making pro-
cess [22]. According to the Ukrainian National
Agency for Higher Education Quality Assurance
(NAQA) there were adopted regulations on Accredi-
tation of Study Programs in Higher Education as
well as the glossary containing a number of new
provisions and terms. Now the content of the Educa-
tional Program aimed at the formation of compe-
tences defined by the higher education standard ac-
cording to the corresponding specialty and degree
level. For example, the student-centered approach
considers the applicant for higher education as a
subject with his own unique interests, needs and ex-
perience, able to be an independent and responsible
participant in the educational process [22]. The op-
posite of this approach is the student paradigm as an
object of learning that is incapable of full-fledged
agency but, therefore, one that requires nurturing
and nurturing. In this paradigm, higher education
institutions paternally decide what and how students
should learn.

The approach involves mutual respect between
the student and the teacher, the real selectivity of the
disciplines, the participation of students in the inter-
nal quality assurance system and the processes of
accreditation of educational programs, the availabil-
ity of procedures for responding to student com-
plaints, etc. The role of the teacher as a facilitator is
increasing. He not only lectures, but also organizes
interactive communication, promotes personal de-
velopment of students, creates an atmosphere of un-
derstanding and trust.

On the contrary, the delusional (fake, fictitious)
educational process is a delusion of stakeholders and
fraud. Its content is to create the visibility of the ed-
ucational process in order to cover up its actual ab-
sence. This phenomenon occurs, for example, when
the implementation of the educational process (con-
ducting classes, control activities, etc.) is document-
ed, but in reality it is not carried out: students and
teachers are mostly not present at these classes, writ-
ten tasks are not performed, grading occurs without
a real evaluation of higher education applicants and
the like.

The holistic approach is a kind of systematic
approach to addressing specific issues. Thus, in the
process of accreditation of educational programs it is
important to take into account the complete picture
of the organization of the educational process. Some
drawbacks, miscalculations, lack of resources can
sometimes be balanced by the right one strategy and
related development prospects. On the other hand,
obviously the strengths of an educational program,
which only derive from the fulfillment of some of
the criteria for evaluating the quality of educational
programs, cannot be a justification for ignoring other
criteria. In particularly, holistic education, a relative-
ly new movement, began taking form as an identifi-
able area of study and practice in the mid-1980s in
North America. It is a philosophy of education based
on the premise that each person finds identity, mean-
ing, and purpose in life through connections to the
community, to the natural world, and to humanitari-
an values such as compassion and peace. Holistic
education aims to call forth from people an intrinsic
reverence for life and a passionate love of learning,
gives attention to experiential learning, and places
significance on ‘“relationships and primary human
values within the learning environment”. The term
“holistic education” is often used to refer to the more
democratic and humanistic types of alternative edu-
cation.

Another a new principle is that of fitness for
purpose [22] or the principle of adequacy, appropri-
ateness, adequacy of the means used to achieve a
specific goal, including conformity of teaching and
teaching methods with the stated goals in the educa-
tional program. Higher education institutions should
always have a rational explanation for their actions
or policies.

Liberal arts education [22] is a concept de-
signed to form the trajectory of one's own education
through a higher education giver. It relies heavily on
free choice courses. This approach is aimed at the
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personal growth of higher education applicants, in-
cluding their intellectual capacity, decision-making
ability, broad outlook, etc., as well as improving the
quality of HEI educational process. It is related to
the Western tradition of “liberal arts” education, in
particular represented in the system of American
liberal arts colleges, and related to HEIL. This ap-
proach is fundamentally different from the training
and involvement of higher education applicants in
research. The Liberal arts education concept has a
long history of development. It is from Latin words
“liberalis” (i.e., “free”) and “ars” (i.e., “art or princi-
pled practice”). This is the oldest program of higher
education in Western history. It has its origin in the
attempt to discover first principles — “those universal
principles which are the condition of the possibility
of the existence of anything and everything”. The
liberal arts, also known as the seven liberal arts, are
those subjects or skills that in classical antiquity
were considered essential for a free person (liberalis,
“worthy of a free person”) to know to take an active
part in civic life, something that (for ancient Greece)
included participating in public debate, defending
oneself in court, serving on juries, and most im-
portantly, military service. Grammar (1), logic (2),
and rhetoric (3) were the core liberal arts (the trivi-
um), while arithmetic (4), geometry (5), the theory
of music (6), and astronomy (7) were the following
stage of education (as the quadrivium). Liberal arts
today can refer to academic subjects such as litera-
ture, philosophy, mathematics, and social and physi-
cal sciences; and liberal arts education can refer to
overall studies in a liberal arts degree program. For
both interpretations, the term generally refers to mat-
ters not relating to the professional, vocational, or
technical curriculum. In connection with the issue
under consideration, new terms “Minor” and “Soft
skills” should be noted. Minor is a minimal set of
courses that allows a higher education student to get
a general picture of another industry or specialty. A
specific minor is offered within a broad range of
selected disciplines, in accordance with relevant HEI
policy. For example, an undergraduate in any natural
science field may choose a minor from political sci-
ence, law, or translation — or vice versa. Soft skills
or “success skills” allow graduates of the higher ed-
ucational institution to be successful in their work-
place. Soft skills include communication skills,
leadership, the ability to take responsibility, work in
critical conditions, ability to resolve conflicts, work
in a team, manage their time, understand the im-
portance of deadline (timely completion of tasks),
the ability to think logically and critically, make de-
cisions independently, creativity, etc. Occasionally,
foreign language skills, especially English, are also

included in social skills. The HEI should have its
own policy regarding the development of soft skills
in its higher education applicants and teachers. This
policy also determines the cooperation with employ-
ers and graduates and influences the reputation of
HEI. Sometimes the synonymous term is transfera-
ble skills. These are skills that are considered valua-
ble in any workplace, regardless of professional
field.

4. University Education Innovative Models

New innovations in higher education include
standardization of curricula, an increase in the inde-
pendence of universities and the share of academic
disciplines offered for free choice. As an example of
the standardization may be standard for specialty
131 — applied mechanics [23] or that for specialty
141 — electricity, electrical engineering and electro-
mechanics.

The Verkhovna Rada of Ukraine approved the
draf