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Abstract –The rapid development of Industry 4.0 as a
result of the Fourth Industrial Revolution brings back
the relationship of pedagogy and production to mutual
integration that has been their characteristic since
ancient times. The study revealed high digital readiness
of students (4.24 according to the student assessment
and 2.82 according to the teacher assessment on a 5point scale) and very low readiness of production to
accept integrated learning (1.68 and 2.67, respectively),
as well as the poor digitalization of the educational
process according to the students and teachers, who
are more closely familiar with the reality of production
(2.03 and 2.45, respectively).
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1. Introduction
Industry 4.0, initiated by the German government
at the 2011 Hannover Industrial Fair, is developing at
a very fast pace.
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It is the integration of a rapidly evolving digital
environment encompassing everyday life, the
repletion of wants, infrastructure management,
communications, manufacturing, and industrial
production. Three preliminary phases of the
industrial revolution are considered: the industrial
revolution itself, the digital revolution with the
advent of computer technologies, the communication
revolution, and the Fourth Industrial Revolution that
completes it. The latter is most often defined as the
penetration of cyber-physical systems into
production [1]. The result of the Fourth Industrial
Revolution is the formation of Industry 4.0, which is
characterized by the group of technologies defining
it: big data analytics, the use of the Internet of things,
the use of virtual and augmented reality, quantum
computing, autonomous technology that can make
decisions independently, blockchain technology [1].
At the moment, this industry does not yet exist;
however, many researchers note that it requires most
of these technologies to be integrated and merged in
a single infrastructure, which has not yet been
observed [2], [3]. On the other hand, extensive
changes in all spheres of human life lead to the
emergence and integration of a number of elements
of Industry 4.0, which creates a common global
infrastructure [1].
The availability of a highly professional staff is
crucial for Industry 4.0. Due to the fact that
production management becomes intelligent and
most decisions are made by machines, a person must
be well trained to form a strategy, anticipate and
balance unpredictable or extreme situations,
contribute to the development of production, and
competently select solutions offered by artificial
intelligence based on the analysis of big data [4], [5].
In the past, on-the-job training and the integration of
education and production were important factors in
the training of specialists who started working
immediately after graduation; today, the integration
TEM Journal – Volume 10 / Number 4 / 2021.
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of pedagogy and production is a necessity of
survival. The pace of technological changes and
knowledge accumulation does not allow separating
education and its practical application due to the
obsolescence of knowledge and technology [6].
In the earliest primitive society, there were three
interdependent parallel processes: the formation of
human society (man), the formation of human tool
activity, and the formation of human educational
activity. The heart of primitive syncretism is the
harmonious unity of pedagogical and production
processes. The production of things and the
production of people as social subjects constituted
one syncretic whole. That is, the pedagogical and
production processes were inseparable. A member of
the primitive society learned by producing and
produced while learning [7]. Thus, pedagogical
integration is not something completely new in the
history of mankind.
In the second development phase (the inception of
pedagogical ideas), pedagogy is separated from
production; the educational and production processes
are sorted out within the homogenized human
activity. Pedagogical and technical knowledge lost its
ontological unity, which was common within the
framework of syncretic activity [8].
As a result, the divergence of the syncretism of
teaching and production took place. Pedagogy and
production, that is, pedagogical and technical skills,
are becoming relatively autonomous spheres of
human activity. At the same time, the lack of
systematized theoretical foundations of education
during the period under consideration should be
noted. They were laid down and developed in the
third phase of the development of pedagogy, the
stage of pedagogy functioning as an independent
scientific discipline (first quarter of the 17th century
the present) [7]. The emergence of pedagogy as an
independent scientific discipline contributed to the
systematic development of the theoretical
foundations of pedagogy as an integral system of
scientific knowledge that covers the problems of
scientific substantiation of the professional
development of a person based on labor education.
When considering these problems, researchers dealt
with the interaction of pedagogical and production
factors in one way or another, directly or indirectly
[9], [10].
Today, we are observing the reverse integration of
pedagogy and production at a new stage of
development. At the same time, it is obvious that in
the process of the formation of Industry 4.0,
individual countries and regions have divergent
degrees of readiness for such integration, which is
associated with the history of the pedagogical
systems of different countries and dissimilar rates of
technological
development
or
technology
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acquisitions [11], [12]. The purpose of the study is to
assess the readiness for the integration of the
pedagogical and production processes from the
perspective of their participants, students, and
teachers, as well as to determine the process
components that should be considered critical in the
context of developing countries.
2. Literature Review
Generally, the research on the development of
Industry 4.0 tends to consider the pedagogical
component of the technology as one of the most
significant elements [13]. At the same time, a student
or any person studying to participate in the
production process must have a high level of digital
literacy. It includes the ability to handle mobile
devices, proficient computer skills, basic knowledge
of programming, the ability to use databases, and
computer graphics and modeling, as well as
communication capabilities of the Internet [14].
A number of researchers are trying to identify
groups of competencies that could become predictors
of the possibility of harmonious integration of
education and production in Industry 4.0 [12]. There
are various groups of such competencies; however,
all of them distinguish a group of digital and
communicative competencies associated with the use
of the digital environment; a group of professional
competencies related to the ability to obtain
professional information, accumulate and analyze it
in the process of learning throughout life; a group of
competencies closely related to the penetration of
digital technologies into teaching and a group of
competencies related to the readiness of production
to accept and train Industry 4.0 specialists [15], [16].
In this particular case, the readiness of the production
sector is crucial; thus, in addition to its own extensive
digital infrastructure, the use of virtual reality
elements, 3D printing or big data analysis in
production, it should also assume the possibility of
integrating certain components of production
management into training networks. On the one
hand, this allows adjustments of some units to the
needs of students, and, on the other hand, ensures an
easy and efficient exchange of information between
the university and production, assesses the work of
students, monitors their activities, and immediately
offers them assistance in solving production
problems [17], [18].
According to researchers from many countries,
learning factories meet these requirements; they
combine training and production in a way that allows
performing real production functions [12], [19].
Today, many industries are actively creating such
factories as separate production facilities or
specialized lines, where experienced engineers and
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experts can teach students, in fact, without
interrupting production. This approach to business
also reduces the costs of training specialists as it
partly pays off directly in the production process
[13].
The research on virtual and augmented reality is
moving towards the use of these mechanisms to
manage complex and multidimensional production
processes based on sensor systems and big data
processing, as well as to make training as close to
reality as possible [20]. Currently, these technologies
are the most technologically dependent and require
substantial investment, but they also most naturally
integrate the educational process and industrial
internship as working in virtual reality can be
completely identical to the workflow [21].
Researchers consider the integration of pedagogy
and production mainly from the perspective of the
STEM methodology, that is, a physical contact with
engineering objects, the introduction of objective real
life problems directly into the educational process,
modeling of a similar decision-making process,
solving engineering problems within online training
and virtual reality or three-dimensional models of
production facilities [22].
We have not been able to find studies devoted to
the readiness of students to switch to the integrated
approach that combines learning and production,
which will obviously become natural for Industry
4.0. Most authors consider the high level of
penetration of digital reality into all spheres of life as
a natural predictor of the harmonious integration of
pedagogy and production within the framework of
the Fourth Industrial Revolution.
However,
numerous studies call this into question as even in
developed countries, the formation of Industry 4.0 is
rather painful [23], [24], [25]. Our research aims to
eliminate this research gap in relation to Russia, and
the results of the study can be applied to a number of
developing countries having similar problems.
3. Method
The study involved 226 third-year students (111
women and 115 men) of various fields of study of
Russian State Vocational Pedagogical University,
Ekaterinburg, Russia, as well as 68 teachers (34 men
and 34 women). The participants were invited to
voluntarily take part in the study by placing an
advertisement on social networks, in educational
institutions and academic departments.
The
respondents completed the questionnaire indicating
the value of their assessment of each parameter on
the 5-point Likert scale, where 0 is the lack of a
feature and 5 is its greatest manifestation.
The questionnaire was compiled on the basis of the
most significant parameters of the transition to
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training in the context of Industry 4.0. These
parameters were extracted based on the analysis of
the research literature [5], [23], [26], similar studies
on the integration of pedagogical and production
factors in the training of specialists. The factors
affecting the transition are as follows: assessment of
one's own actual knowledge (professional
knowledge; real production skills), assessment of the
readiness of the production environment for the
integration with the educational process and
pedagogical requirements (production practices;
readiness of the production environment for the
acceptance of students), assessment of the interaction
with the digital environment (ability to work in a
digital environment; the current level of penetration
of the digital environment into the educational
process), assessment of career prospects (willingness
to work within the specialty for a relatively long
period of time; willingness to change profession in
the future). Students assessed their own parameters;
teachers assessed the parameters of students.
The assessments given by the survey participants
were averaged out and the standard deviation
between them was calculated. Student and teacher
assessments were analyzed separately (Figure 1.).
No personal data of the participants were recorded
or used in the study.
The questionnaires were processed in SPSS
Statistics 22 and the analytical data were visualized
in MS Excel 2013.
4. Findings
The results of the study show that students and
teachers have similar assessments of the readiness for
the transition to training in the context of Industry
4.0. In particular, despite the fact that teachers
generally give a lower assessment of professional
knowledge of students (3.01 - teachers, 3.12 students), the difference between the assessments
falls within the statistical error while the assessment
of real production skills (2.15 - both groups) is
identical. Moreover, both groups of respondents
noted that practical skills were poorer than the
theoretical ones; they were assessed as below
average, which indicates the lack of practical use of
knowledge and its sporadic application.
Students gave a very low assessment of their
possibility to face real production processes before
graduating from university (1.14) compared to
teachers, whose assessment of the parameter was a
bit higher; apparently, this was due to the content of
the senior curriculum, which the third-year students
have not yet studied (1.87). It should be emphasized
that it is not just business processes that are assessed,
but also the application of skills and participation in
Industry 4.0 with due regard to its digital component.
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Both groups of respondents noted the extremely low
availability of such technologies in the Russian
education system. At the same time, both groups
gave a much higher assessment of the work in a
digital environment. The students gave this
parameter 4.24 points and teachers - 2.89. Similar
studies show that student assessment is associated
with the habit of constant use of electronic devices
and constant access to information. This situation
creates a specific misconception about "natural
professionalism" in the field of digital technologies
among students, especially those studying
engineering. This idea is not correct. Teacher
assessment is based on the real experience of using
digital technologies in the classroom and industrial
internship; therefore, it is noticeably lower.
Both students and teachers assessed the second
parameter related to the readiness of the production
environment for the acceptance of students to
participate in production processes involving digital
content, robotization and automation as very low
(1.69 - students and 2.67 - teachers). In fact, both
groups believe that the production environment is not
ready to integrate with pedagogy and fulfill its
requirements.

It should also be noted that the student and teacher
assessments of professional skills, real production
skills, the penetration of the digital environment in
education, and the readiness to change jobs in the
future fall within the statistical error (which can be
observed in Figure 1.). In general, the volatility of
student assessments is much higher than that of the
teachers (1.14 - 4.85 and 1.87 - 3.89, respectively);
this indicates greater students' subjectivity given the
exact match of the assessments of those parameters
that can be more accurately evaluated.
It can be concluded that both students and teachers
consider the readiness to integrate pedagogy and
production in the process of training Industry 4.0
specialists rather low. The major reason for this is the
ill-preparedness of the production sector, which,
according to students, is not ready from the technical
perspective - in terms of the level of penetration of
the digital environment into production and the use
of integration to train personnel. At the same time,
the readiness of the digital environment and the
quality of its development have been assessed as
high. The relatively low (average, 3 out of 5)
assessment of the parameters related to student
knowledge and training are largely associated with
the problems of integrating learning with production.
5. Discussion

Figure 1. Assessment of readiness to integrate practice
and learning within Industry 4.0 by students and teachers

Figure 1. also shows that the career factor in
engineering is assessed as very high by all
participants. Students noted their readiness to work
over a long period of time (4.85) while the teacher
assessment was a bit lower (3.89). The reason for this
is a question that requires further research. One of
the hypotheses is a more realistic assessment of the
abilities and personal capabilities of students. The
parameter of the readiness to change profession
turned out to be unexpectedly high (3.42 - students
and 3.12 - teachers). That is, teachers also realize that
a great number of students will be involved in
engineering only for some period of time, or may not
work in this area at all. It should be noted that this is
natural in the context of Industry 4.0 and has been
observed for some time in many developed countries.
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In most cases, researchers study the integration of
pedagogy and production in the context of the
formation of Industry 4.0 describing the key
approaches to the development of continuous end-toend professional training. Learning factories (LF) are
the most common; they involve a real production
environment focused both on the production of goods
entering the market, and at the same time, student
and personnel training [12], [27]. Learning factories
emerge as independent training facilities based on the
combination of the interests of universities and
businesses or as partly isolated production incubators
for training personnel separately taken out or
separated in the production process. Their key feature
is constant operation. In this case, students are the
employees of the enterprise, where they
simultaneously study acquiring both basic
professional skills and education [14].
The use of game-based methods, which make it
possible to simulate real production processes in a
computer game environment that is acceptable and
familiar to most modern young people, is being
actively discussed. Techniques for creating virtual
and augmented reality are increasingly being
implemented to most fully simulate a real production
environment [22]. The great benefit of virtual
simulation is the possibility to practise behavior
patterns and decision-making in extreme or
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unpredictable circumstances. This contributes to
real-world
decision-making,
responsibility
development, and a deeper understanding of the
features of the digital production environment [28].
As noted earlier, the availability of a highly
professional staff that have a number of
competencies is crucial for Industry 4.0. The most
important of them are digital (the ability to use
gadgets, process large amounts of information and
use databases; analytical skills; high digital literacy)
and professional (proficiency in technological
processes; extensive theoretical knowledge and
constant training; professional erudition; knowledge
of the techniques and technologies applied, etc.)
competencies [29], [30]. The researchers often note
the importance of communicative competencies,
which is associated with several production needs:
the management of and interaction with highly
professional personnel; the search for and use of
information
to
solve
real-world
problems
immediately; the interaction with experts and
specialists in related fields. It should be noted that in
most developing countries, where the formation of
Industry 4.0 is being impeded and dependent on
foreign investment [31], communication skills are
not yet as important as in developed economies with
powerful digital and automated production
capacities. Many researchers note that in developing
countries and market leading economies, such as
China, Turkey, and India, a significant part of
production is still based on manual labor that requires
various skills, and people trained at the workplace
can be involved in production processes [24]. The
present study also shows that Russia is among those
countries that are characterized by automated
production facilities, the widespread use of drones
and other elements that are included in the definition
of Industry 4.0 technologies; however, at the same
time, low-skilled labor is rather common [4].
The possibility of the active training of low-skilled
workers directly at the workplace is also part of the
fusion of pedagogy and production [32]. In the case
of Industry 4.0, there is not a need to be ready to
manage a simple or more complex mechanism, but to
interact with the digital environment, which makes
most of the decisions independently or offers the
human operator solution options [19]. According to
researchers, the process is effective when several
requirements are met. The key ones are the digital
literacy of the employee and the relevant college or
university degree. This requirement is due to the fact
that the employee should be well aware of a large
amount of information and knowledge related not
only to the area of expertise, but to the fields
associated with it. Thus, a programmer must be
proficient in mathematics, algorithmic analysis,
design theory (for creating user interfaces), etc. [29].
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The research describes a situation that, as different
foreign studies indicate, is not typical only for
Russia, but generally for most actively developing
countries that attract significant foreign investment
and are the donors of labor resources [24], [31]. As a
rule, such countries rely on the reallocation of
production facilities to their territory to accelerate
their own development and training of qualified
personnel, as evidenced by the example of China,
India, Turkey, Mexico and the countries of Southeast
Asia. In this case, we can observe the readiness of
personnel for training, high work motivation (Fig.1. the indicators of the readiness to be involved in
engineering), digital literacy, and the penetration of
digital technologies and mobile gadgets into society
[28], [25], [33]. At the same time, there is a low level
of digitalization of production and autonomy of
production lines, as well as poor digital infrastructure
that ensures the integrated operation of production
facilities [4]. In this case, the integration of pedagogy
and production is relatively slower as pedagogy is
required to be highly digitalized (the presence of the
wide market for MOOC, the penetration of online
learning and mobile learning, the use of new ways of
interaction in the classroom, such as collaboration,
STEM, etc.) On the part of the production sector,
digital infrastructure, autonomy, robotization, the use
of big data analytics and the ability to connect digital
services of the training system to production services
in one form or another are required [24], [34].
A number of researchers highlight that the
problems of the integration of learning platforms and
pedagogical activities into Industry 4.0 are
characteristic of both developing and developed
economies [24]. Moreover, most problems faced by
developed economies in the field of production
pedagogy are similar to those found in developing
countries [25]. This is often due to generation
changes and the emergence of new pedagogy focused
on the whole new world view of native digitals [35],
[36].
6. Conclusion
The need for the early formation of Industry 4.0 is
associated with international competition, and
training of highly qualified specialists for the new
industry is a crucial factor in this process. The study
assesses the readiness for the integration of
pedagogical and production factors in the process of
the formation of Industry 4.0 through the example of
226 students and 68 teachers of Russian State
Vocational Pedagogical University, Ekaterinburg,
Russia. The study revealed high digital readiness of
students (4.24 according to the student assessment
and 2.82 according to the teacher assessment on a 5point scale) and very low readiness of production to
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accept integrated learning (1.68 and 2.67,
respectively), as well as the poor digitalization of the
educational process according to the students and
teachers, who are more closely familiar with the
reality of production (2.03 and 2.45, respectively).
Students and teachers showed a low assessment of
the readiness for the integration of pedagogy and
production in the course of training Industry 4.0
specialists. The major reason for this is the illpreparedness of the production sector, which,
according to students, is not ready from the technical
perspective - in terms of the level of penetration of
the digital environment into production and the use
of integration to train personnel. At the same time,
the readiness of the digital environment and the
quality of its development have been assessed as high
by the teachers and students. The relatively low
(average, 3 out of 5) assessment of the parameters
related to student knowledge and training are largely
associated with the problems of integrating learning
with production.
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