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ABSTRACT 

The economy digitalization has demanded the training of specialists with competencies for the development and 

implementation of digital technologies. The purpose of the study is to characterize a virtual workshop for training a 

process engineer. The methodological basis of the study was a digital paradigm that promotes the introduction of digital 

content adapted to modern requirements and associated with information bases of a restricted professional profile.  The 

main results of the study are to determine the essence and content of the virtual workshop of mechanical assembly 

production, to clarify the criteria for the effectiveness of its implementation in the teaching process. The essence of the 

virtual workshop as a digital educational resource is aimed at developing professional skills of the 21st century; the 

content presents a complex multi-level menu.  Efficiency criteria (digital, integrative, competence, adequate, productive 

ones) are determined by the didactic functions of the virtual shop. Research constraints constitute a random selection of 

respondents. The didactic functions of the virtual workshop (interactive, transdisciplinary, competence, organizational, 

evaluative ones) reflect the practical significance. The social significance lies in the introduction of digital content into 

the educational process that imitates professional activities.  The originality of the study lies in substantiating the 

engineering education integration into the world mainstream based on the digital paradigm. 

Keywords: Digital paradigm, Training of process engineers, Digital educational resources, Mainstream, 

engineering education, Professional skills of the 21st century. 

1. INTRODUCTION 

The economy digitalization, the introduction of new 

generation digital educational resources position the 

engineering education mainstream based on the digital 

paradigm as the basis for the convergence of universities.  

The study of Ricardo-Barreto et al. notes as follows: “The 

inexorable growth of ICT and the convergence of 

networks have produced great changes in human culture, 

and particularly in the educational environment. As a 

result, the development of appropriate technological 

competencies and the study of the trends of ICT use to 

meet this requirement become necessary” [1, p.395]. 

Mainstream is a scientific field that combines research 

traditions and recognized modern concepts with a 

scientific and pedagogical community and academic 

journals. Modern technical universities train specialists 

who are able to adapt to information flows, possessing 

the transdisciplinary competencies of the 21st century, 

ready to support an engineering product throughout the 

entire cycle (Conceive-Design-Implement-Operate). For 

this, smart technologies are used, electronic portfolios 

and personal electronic offices are being introduced as 

innovative tools for engineering education [2]. The 

article of Terentyeva et al. highlights the following: 

“Digital educational resources allow: 1) to develop 

educational programs to develop professional skills for 

the 21st century; 2) to create training platforms to adapt 
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virtual reality technologies to the training process” [3, 

p.82]. 

The problem of the engineering education integration 

based on the digital paradigm attracts a lot of attention 

from scientists. Two approaches to solving this problem 

can be stood out. The first approach is pedagogical. 

Within the framework of this approach, digital 

educational resources, interactive teaching methods, 

multimedia training courses and electronic textbooks are 

being developed, video conferences are held to provide 

the organization with a digital educational environment 

[4,5,6]. As McDougall puts it, digitalization “can 

cultivate young peoples’ literacies and transform how we 

think about sites of education” [7, р.264]. 

The second approach is technological. Within the 

framework of this approach, digital educational products 

are created and implemented, focused on the formation 

of professional competencies of students in accordance 

with professional standards [8,9,10]. “The effective use 

of emerging technologies demands the training of highly 

qualified personnel with digital literacy professional 

skills” [11, p.96]. The conclusions made by the listed 

authors served as the basis for the study. However, 

integration into the global mainstream of engineering 

education requires the definition of a paradigm 

affiliation. 

The study object is the process of integration into the 

global mainstream of engineering education based on the 

digital paradigm. The subject of the study is digital 

resources as a tool for integration into the global 

mainstream of engineering education. The purpose of the 

study is to characterize a virtual workshop for training a 

process engineer. 

2. RESEARCH METHODOLOGY  

The digital paradigm has become the methodological 

basis of the study.  Paradigms are recognized scientific 

achievements that influence the model of rational 

scientific activity within a certain time period [12]. The 

economy digitalization has led to the formation of a 

digital paradigm for the management of engineering 

education. The basic concepts of the digital paradigm are 

as follows: digital didactics, digital technologies, digital 

textbooks, M-learning, digital educational resources, 

digital educational environment and digital content. The 

whole of these concepts determines the subject and 

scientific novelty of scientific and pedagogical studies. 

As criteria for evaluating pedagogical studies in the 

framework of the digital paradigm, it is offered the 

following: the development of 21st century skills by 

students, the formation of digital competencies, the 

development of digital literacy, the creation of digital 

technologies, the development of cloud educational 

systems and the spread of open educational resources. 

Based on these criteria, the goals and objectives of 

scientific and pedagogical studies are formulated, their 

practical significance is determined. 

The digital paradigm refers to the value preferences 

as the integration of traditions and innovations. 

Traditions ensure the maintenance and dissemination of 

the best pedagogical experience, continuity in the 

development of engineering education and a tolerant 

attitude towards the values of the past; serve as the basis 

for the creation of new methods, means and teaching 

tools. Innovations provide a stable relationship between 

engineering education and scientific and technological 

progress and constant changes; serve as the basis for the 

introduction of new methods, means and teaching tools. 

Integration of traditions and innovations acts as a 

methodological basis for scientific and pedagogical 

research, substantiates the necessity, originality of 

fundamental research and the social, practical 

significance of applied research [13]. 

When doing research, theoretical (study of national 

and international experience of integration into the world 

mainstream of engineering education based on the digital 

paradigm) and empirical (observation, polls) methods 

were used. Experimental work to test the effectiveness of 

the virtual workshop for the training of a process engineer 

took place in three stages (ascertaining, forming and 

control ones). The experimental work involved 300 

persons: 50 teachers, 250 students of a technical 

university. Random samples of teachers and students 

were drawn up.  The sample of teachers included 

professors (the average age is 53 years) and associate 

professors (the average age is 38 years) who conduct 

training sessions at the Department of Machinery 

Production Technologies with students majoring in 

"Design and Technological Support of Machinery 

Productions."  The selection of students included 3-4 year 

bachelors majoring in this area of training. None of the 

teachers, students refused to participate in experimental 

work. 

At the ascertaining stage, using a survey, the attitude 

of teachers and students to digital educational resources 

was clarified, the effectiveness  criteria of introducing a 

virtual workshop into the learning process were 

determined. The questionnaire includes two closed-

ended questions with multiple choice of answers (see 

table 1). 

The survey has showed that teachers and students 

have a stable positive attitude towards digital educational 

resources. The survey results were discussed in 3 focus 

groups. Each focus group included 9 people: 7 teachers 

and 3 students. The focus groups were moderated by 

teachers. Focus groups found out the effectiveness 

criteria of the implementation of the virtual workshop in 

the teaching process (those are digital, integrative, 

competence, adequate and productive ones). 
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At the formative stage, a virtual workshop was 

created, which made it possible to integrate knowledge, 

abilities and skills to the level of professional 

competencies.  Students were given training assignments 

for the development of mechanical assembly production. 

The virtual workshop was used to visualize production. 

Based on the results of the assignments, the students 

prepared interactive reports.  

At the control stage, the mastering levels of the 

educational material with the help of a virtual workshop 

were revealed. 

3. RESULTS 

The main results are to determine the essence and 

content of the virtual workshop of mechanical assembly 

production, clarify the effectiveness criteria of its 

implementation in the teaching process and identify the 

levels of mastering the educational material using the 

virtual workshop. 

The essence of the virtual workshop: it is a digital 

educational resource for developing professional skills of 

the 21st century and automated assessment by 

complexity levels. Characteristics of the virtual 

workshop: cross-platform and multimedia interactive 

content that simulates professional activities. To create a 

virtual workshop, 3ds Max and Autodesk Revit software 

was used [14]. 

The content of the virtual workshop is a complex 

multi-level menu. The menu includes constant and drop-

down strings.  The constant string items correspond to the 

mechanical assembly production stages: preparation, 

manufacture of parts, assembly, testing. The drop-down 

strings correspond to the type of work at each stage.  

The effectiveness criteria of introducing a virtual 

workshop into the learning process are conditioned by the 

didactic functions that it performs: interactive one 

(imitation of mechanical assembly production); 

transdisciplinary one (establishing interdisciplinary 

relationships); competence one (development of 

professional skills of the 21st century); organizational 

one (development of skills and abilities of students' 

independent work); evaluative one (assessment of 

learning outcomes).  

Table 2 shows the relationship of didactic functions 

of the virtual workshop with the effectiveness criteria and 

indicators of implementation in the teaching process. 

Criteria and indicators allow identifying the achieved 

results with the didactic functions of the virtual 

workshop. 

To identify the levels of mastering the educational 

material using a virtual workshop, students were asked to 

answer questions and complete tasks that were assessed 

according to a 5-point system (see table 3). 

To identify the levels of mastering the educational 

material, the value (Q) was determined as the sum (S) for 

each criterion: Q = SD + SI + SC + SA + SP 

The values for each criterion were calculated by the 

formula: S = qi  n, where qi is the average 

point received for the indicator, n is the number of 

criterion indicators. 

The value (Q) from 0 to 5 is conventionally 

considered as a zero level; 6 to 10 is a threshold level; 11 

to 15 is a satisfactory level; 16 to 20 is a good level; 21 

to 25 is an excellent level. The characteristics of the 

levels are as follows.  

Excellent level - the person knows exactly, is able and 

masters the educational material.  Good level - the person 

knows and is able to apply educational material but 

makes minor mistakes in the process of skills 

implementation.  Satisfactory level - the person knows 

and is able to apply educational material but skills are not 

mastered, cannot work independently. The threshold 

level includes fragmentary knowledge, skills, and 

abilities. Zero one - the person does not know at all, is not 

able and does not master educational material. 

4. DISCUSSIONS 

Integration into the world mainstream of engineering 

education based on the digital paradigm leads to the 

formation of a scientific and pedagogical community that 

promotes the introduction of digital content into the 

teaching process coupled with search engines of a 

restricted professional profile. In the practice of 

Table 1. The results of the survey of teachers (T) and students (S) about the attitude to digital 

educational resources at the ascertaining stage of experimental work (%) 

Content of the question Answer options T S 
1. Why use digital 
technologies in the 
teaching process? 

1.1. For building professional skills of the 21st century and 
competitiveness in the labor market  

93 91 

For developing readiness to guide engineering products 
throughout the entire cycle (Conceive-Design-Implement-Operate) 

94 86 

1.3. For being able to step by step observe the process 97 91 
2. What components can 
digital educational 
resources include? 

2.1. 3D Models  93 99 
2.2. Animation, video 94 98 
2.3. Interactive products 97 99 
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engineering education, digital educational resources have 

become widespread. The development of a virtual 

workshop and its introduction into pedagogical practice 

ensure the interconnection of pedagogical and 

technological approaches to the problem of integrating 

the engineering education based on the digital paradigm. 

The virtual workshop is an innovative pedagogical tool 

that allows you to use interactive teaching methods, 

develop skills in building an electronic portfolio, and 

form the skills of independent educational work 

(pedagogical approach). The virtual workshop is a digital 

educational product focused on the development of 

Table 2. Didactic functions of the virtual workshop, effectiveness criteria and indicators of 

implementation in the teaching process 

functions criteria indicators 
knowledge competences skills 

interactive digital know the missions 
and terminology of 
digital production 

know how to apply 
artificial intelligence in 
the process 

master technologies 
of digital production 
transformation 

transdisciplinary integrative master cloud 
technologies and 
services 

know how to use 
smart devices 

know how to use 
process engineer 
applications 

competence-
based 

competence-
based  

know the stages of 
mechanical assembly 
production and types 
of work 
 

know how to organize 
mechanical assembly 
production 
 

know how to use 
design and 
management 
methods of 
mechanical 
assembly 
production 

organisational suitable know self-
management and 
time management 
methods 

know how to use self-
management 
applications  

master teamwork 
skills 

evaluative productive know methods of e-

portfolio  

collection, self-

assessment and 

diagnostics of 

professional skills 

are able to form  

an electronic 

portfolio  

master self-

assessment and 

diagnostics methods 

of professional skills 

 

 

 

 

Table 3. Results of answers to questions and assignments on the part of students at the control stage of 

experimental work (average point) 

Criteria and indicators average point 

Digital criterion (D)  
1. Know the missions and terminology of digital production  4.7 
2. Know how to apply artificial intelligence in 
the process  

4.6 

  
3. Master technologies of digital production transformation  4.6 
Integrative criterion (I)  
4. Master cloud technologies and services  4.8 
5. Know how to use smart devices  4.6 
6. Know how to use process engineer applications  4.4 
Competence-based criterion (C)  
7. Know the stages of mechanical assembly production and types of work  45 
8. Know how to organize mechanical assembly production  4.7 
9. Know how to use design and management methods of mechanical assembly production  4.5 
Suitable criterion (A)  
10. Know self-management and time management methods 4.6 
 11. Know how to use self-management applications  4.9 
12.Master teamwork skills 4.5 
Productive criterion (P)  
13. Know methods of e-portfolio collection, self-assessment and diagnostics of professional 
skills  

4.4 

14. Are able to form an electronic portfolio 5.0 
15.Master self-assessment and diagnostics methods of professional skills 4.9 
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digital literacy and the formation of professional 

competencies of the 21st century for process engineers 

(technological approach). The development and 

implementation of a virtual workshop in engineering 

education ensure compliance with modern trends in the 

economy digitalization and improve the quality of 

training for process engineers. 

5. CONCLUSION 

Integration into the global mainstream of the 

engineering education based on the digital paradigm 

allows developing fundamental research taking into 

account global trends in science, as well as increasing the 

effectiveness of applied research aimed at the practical 

solution of socio-economic problems. The development 

and implementation of digital educational resources in 

the context of global challenges and national interests 

improves the engineering education quality. The virtual 

workshop as a digital educational resource that imitates 

professional activities ensures the interconnection of 

traditions and innovations in the process of engineering 

education, the training effectiveness of specialists with 

professional skills of the 21st century.  Efficiency criteria 

(digital, integrative, competence-based, suitable and 

productive ones) of the introduction of a virtual 

workshop into training make it possible to compile a 

comprehensive description of the results of education and 

timely adjust its process. 
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