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Abstract 

This paper concerns the rational application of blended learning (BL) for the three cycles of engineering 
education. The methodology for the design of BL-engineering programmes with optimal combination of 
the on-campus and online training is presented. The methodology is based on the CDIO: Conceive-
Design-Implement-Operate approach initially developed for undergraduate engineering education and 
further evolved for graduate (FCDI: Forecast-Conceive-Design-Implement) and postgraduate (FFCD: 
Foresight-Forecast-Conceive-Design) engineering education (CDIO-FCDI-FFCD models). The 
optimization criterion is the maximum efficiency of achieving intended learning outcomes (LOs), 
required for complex (CDIO), innovative (FCDI) and research (FFCD) engineering activity. The design 
of BEng, MSc and PhD BL-engineering programmes involves identifying how far the digital 
transformation in engineering education can be realized when training the graduates for the three types of 
engineering activities (complex, innovative, research) taking into consideration graduate’s competencies 
required to work at various stages (Foresight-Forecast-Conceive-Design-Implement-Operate). The design 
methodology provides an opportunity to determine the rational level of digitalization and the application 
of on-campus and online training for various BL-engineering programmes. Specific examples show that a 
rational component of online training in the implementation of BL-engineering programmes can vary 
from 40% (undergraduate) to 70% (postgraduate). The rational increase in the online component 
increases the academic mobility of students, while ensuring the quality of their preparation for 
professional activities.  
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1. Introduction 

The digital revolution that has been occurring since the middle of the last century is rapidly 

changing strategies and technologies in the field of education, including higher education (HE) and 

engineering education (EE) in particular (Aleksakov, 2017; Alexandrov, Fedorov, & Medvedev, 2013; 

Chuchalin, 2018b; Ivanov, Kaybiyaynen, & Miftakhutdinova, 2017; Kondakov, 2017; Veshneva & 

Singatulin, 2016). Thanks to the use of online technologies, distance learning has become an active 

substitute for traditional teaching at the university. A lot of discussions have been devoted to the issues of 

application of online training and distance learning in HE, as well as to comparative analysis of their 

advantages and disadvantages in relation to the classical on-campus education (Erstad, 2017; Khalid, 

Shquier, & Alsmadi 2016; Miller 2014; Reis, Amorim, Melão, & Matos, 2018).  

The main advantage of classical teaching on the university campus is the possibility of a 

harmonious combination of the education and training of the student to prepare him (her) for future 

professional activity (development of professions competences), and his (her) socialization (acquiring the 

experience of communication and social life) by direct (face-to-face) contact with teacher and other 

students in the classroom and out of it, as well as student participation in sports, cultural and other 

extracurricular activities that contribute to the student personal development. With the use of distance 

learning, this combination is almost impossible. At the same time, distance learning is more flexible. A 

student in most cases can choose for himself (herself) the convenient pace and rhythm of learning, as well 

as the options in mastering the online programme. However, he (she) needs a special motivation and 

responsibility. The student develops self-discipline, which is more rigorous and sustainable than it is 

achieved when studying on the university campus, where the majority of classes are regulated by the 

timetable (Erstad, 2017; Miller, 2014).  

Online training using the Internet has great potential in terms of attracting global information 

resources and can be significantly richer in content than the on-campus training. Creating e-resources for 

distance learning (video and audio material, interactive e-textbooks, VR-training programs and 

simulators, etc.) requires significant expenditure. However, the implementation of online training, as a 

rule, is cheaper than the traditional one (https://potomac.edu/learning/online-learning-vs-traditional-

learning/). Many experts consider that the results of online training are not inferior to the results of 

studying at the university campus. Other experts are more restrained in assessing the capacity of online 

technologies. They believe that not all disciplines can be implemented in the form of online courses. 

Nevertheless, e-learning enthusiasts insist that there are no restrictions for on-line training and distance 

learning in the era of the digital revolution (Gleason, 2018; Morshed, 2017; Ossiannilsson, Williams, 

Camilleri, & Brown, 2015). The current stage in the development of online education is associated with 

the creation of mass open online courses (MOOCs) in various modifications. The emergence of MOOCs 

served as a new impetus to the development and application of online training and distance learning in 

HE including EE. The expansion of the application of online training increases the academic mobility of 

students, which is a significant advantage over on-campus training.   
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2. Problem Statement 

Discussions related to the use of online training and distance learning in HE are particularly 

relevant for EE. This is due to the special requirements for the material support of engineer training (the 

use of real equipment, devices, instruments and materials) and the need for student practical work in 

laboratories and workshops to acquire hands-on experience. These requirements are limiting factors for 

online EE. However, online training is actively used in EE in the US and European universities at all 

levels. Some of engineering programmes are implemented completely online, while others are partially 

(visits to laboratories, internship, public defense of dissertations, etc. are required). It is important to note 

that online engineering programmes in the US are accredited by ABET, the world leader in quality 

evaluation of EE, with the use of the same criteria as for traditional engineering programme accreditation 

(http://www.abet.org/accreditation/new-to-accreditation/online-programs/#online).  

Coming back to the problem of using laboratories and workshops in engineer training, as well as 

importance of students' acquisition of practical skills in working with real equipment, devices and 

instruments, it should be noted that in online training this problem can be partially solved by using VR-

technologies and remote access to laboratory equipment (Richert, Shehadeh, Willicks, & Jeschke, 2016). 

Nevertheless, most researchers and practitioners of EE believe that the best option for engineer training is 

the application of the blended learning method, using the advantages of both online and on-campus 

modes, including hands-on experience (Graham, 2018; Jones & Chew, 2015; Kamp 2016). 

When designing and implementing engineering programmes using the BL method, it is possible to 

optimally combine online and on-campus training to achieve a synergistic effect and a real improvement 

in the quality of graduate preparation for professional activities. Depending on the curriculum and the 

content of the courses, different variants of combination of online and on-campus training may be used 

(Alammary, Sheard & Carbone, 2014; Sousa & Álvaro, 2018; Brown 2015; Douglas, Ionescu, Petrolito, 

& Mainali, 2016; Galvis, 2018; van Puffelen, 2017). The main idea is to make maximum use of the 

advantages of each of them (Brown, 2015; Douglas et al., 2016; Galvis, 2018; Graham, 2018). The 

potential for the application of the BL method is related to its optimization taking into account the 

prospects of achieving intended LOs of engineering programme graduates at different levels of HE. The 

problem is to find appropriate models for the three-cycle EE LOs definition and achievement.    

 

3. Research Questions 

For the design of three-cycle engineering programmes with maximum use of the advantages of on-

campus and online training when achieving varied LOs, it is promising to apply the CDIO approach, 

adapted to the specifics of Bachelor’s, Master’s and Doctor’s training (CDIO-FCDI-FFCD models). The 

CDIO model focuses on the LOs required for complex engineering activity of graduates at four stages of 

the life cycle of products, processes and systems: “Conceive”, “Design”, “Implement” and “Operate” 

(Crawley, Malmqvist, Ostlund, Brodeur, & Edström, 2014). The CDIO approach has proved its 

effectiveness for the design of BEng-programmes, and many universities around the world successfully 

implement the CDIO model in practice (http://cdio.org/). The CDIO approach has become also of great 

importance for the development of the theory of EE (Edstrom, 2017). The FCDI model and FFCD model 
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were developed recently as a result of the evolution of the CDIO approach (Chuchalin, 2018a). Based on 

the core competences required for innovative engineering activity the FCDI (Forecast, Conceive, Design, 

Implement) model was developed for the design of engineering MSc-programmes. Based on the core 

competences required for research engineering activity the FFCD (Foresight, Forecast, Conceive, Design) 

model was developed for the design of engineering PhD-programmes. The CDIO-FCDI-FFCD triad 

corresponds to the features of the division of labor in the engineering profession and responds to the 

challenges of the ongoing fourth industrial revolution (Chuchalin, 2018c; Gleason, 2018; Kamp, 2016; 

Schwab, 2016).   

 

4. Purpose of the Study 

To design BEng, MSc and PhD-engineering programmes planned for delivery by the BL method, 

it is necessary to start with assessing the possibility and feasibility of using on-campus and online training 

of students to prepare them for complex, innovative and research engineering activities, respectively. In 

the conditions of trendy “universal digitalization”, the programme developers will certainly strive to 

increase the online training component. However, it is very important to carefully study and assess the 

rationality of using a particular technology in terms of achievement of the graduate LOs required for 

working at each stage of complex, innovative or research engineering activity. Below is a methodology 

for applying CDIO-FCDI-FFCD models to the design of three-cycle engineering programmes for 

delivering by the BL method and maximizing the benefits of on-campus and online training. It is assumed 

that online training via the Internet is carried out exclusively at a time when students are out of campus. 

The use of e-resources to support the learning process when teaching on the university campus is not 

considered online training. The idea of the methodology is to optimize online and on-campus training 

components in order to achieve intended LOs with maximum efficiency and to expand the opportunities 

for distance learning while mastering the BL-engineering programmes of the three cycles.  

 

5. Research Methods 

To design an engineering programme, university developers usually invite experts - 

representatives of stakeholders, and first of all, researchers and practitioners from industry. To design 

three-cycle BL-engineering programmes the university developers and experts should start with 

identifying how far the digital transformation in EE can be realized when training the graduates for the 

three types of engineering activities (complex, innovative, research). The decision should be based on the 

assessment of the possibilities of reaching graduates’ competencies (programme LOs) required to work at 

various stages of engineering activity, by online training. Then the modular programme structure (courses 

on natural sciences and mathematics, humanities, engineering sciences, research, internship, etc.) should 

be designed. When the structure of the programme is designed by modules, and their general content is 

defined, the developers and experts should determine which of the programme modules and in what part 

should be delivered on-campus, and which of the modules and in what part can be delivered using the 

Internet and online tools. To do this it is important to decompose the lists of the programme LOs for 

detailed LOs (knowledge, skills, attitudes) of the graduates of BEng, MSc and PhD programmes and to 



https://doi.org/10.15405/epsbs.2019.12.86 
Corresponding Author: Alexander Chuchalin 
Selection and peer-review under responsibility of the Organizing Committee of the conference 
eISSN: 2357-1330 
 

 820 

identify the content of the curriculum elements that ensure the achievement of the intended LOs. When 

on-campus and online training components of the programme modules are determined, developers and 

experts should identify which types of learning activities (lectures, seminars, labs, workshops, etc.) and in 

what part should be used on-campus, and which types of the online tools, and teaching & learning (T&L) 

material (videos, virtual labs, e-texts, simulation, webinars, etc.) should preferably be used for distance 

learning. For that it is important to identify which types of on-campus training and which online tools are 

the most effective for achieving particular LOs of the graduates of BEng, MSc and PhD-programmes. 

Finally, the level of the digital transformation in each of the three cycles of EE can be defined. The 

proposed methodology is presented below on the basis of the pilot three-cycle BL-engineering 

programmes “Technologies of Food Production from Plant Raw Materials” (specialization: Oil & Fat, 

and Perfume-Cosmetic Products)” designed in Kuban State Technological University (KubSTU).   

 

6. Findings 

6.1. Digital Transformation in the 1st cycle of Engineering Education  

A CDIO undergraduate programme as the 1st cycle of EE is based on the principle that product, 

process, and system lifecycle development and deployment are the appropriate context for basic 

engineering education. Conceiving – Designing – Implementing - Operating is the model of the entire 

product, process, and system lifecycle (Crawley, Malmqvist, Ostlund, Brodeur, & Edström, 2014). For 

the design of a BEng-programme it is important to understand the specifics of the graduates’ training for 

complex engineering activity. Considering the content of the work at each stage of complex engineering 

activity (C-D-I-O), as well as the required graduates’ competencies, the CDIO-programme developers 

and experts estimate the possible ratios between on-campus and online training components, taking into 

account the opportunity of achieving intended LOs. The diagram (Figure 1) shows the projected estimates 

of the proportions (%) obtained as a result of peer review of the capacity of the on-campus and online 

training for the development of the required graduates’ competencies. 

 
Figure 01.  On-campus & online training for complex engineering activity 

  

As follows from the diagram in the Figure 1, to prepare graduates for engineering activity at the 

"Conceive" stage, according to the CDIO-programme developers and experts, the online training 

component may be up to 80%, and on-campus training component ~ 20%. The developers and experts 

20% 30%

70% 80%

80% 70%
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substantiate this by the fact that to achieve the majority of the LOs required for defining customer needs, 

considering technology and enterprise strategy, as well as developing conceptual, technical, and business 

plans, the presence of students on the university campus is not critically needed. On the contrary, to 

prepare graduates for engineering activity at the “Operate” stage, the on-campus training component 

should be not less than 80% to acquire the skills and experience required for using products or processes, 

including maintaining, evolving and retiring the systems. Some knowledge and skills required for 

engineering product operation can be obtained by distance learning via the Internet through online tools 

and e-resources. The CDIO-programme developers and experts estimate the online training component ~ 

20%. As for the preparation of graduates for successful activity at the “Design” stage the online training 

component may be up to 70%. On the contrary, to prepare the graduates for successful work at the 

“Implement” stage (manufacturing, coding, testing and validation of engineering products), the on-

campus training component should be not less than 70%. Taking into account the estimations given 

above, it is possible to design the modular structure and the content of BEng-programme, as well as to 

determine the optimal ratios between online and on-campus training components for the delivery of each 

module of the programme. The ECTS credit rating of the modules of the particular pilot BEng-

programme corresponds to its specialization and appropriate orientation to the priorities of preparing 

graduates for work at the C-D-I-O stages of complex engineering activity. Considering the opportunity of 

achievement of the intended LOs of each module (measured in ECTS credits), the CDIO-programme 

developers and experts estimate the ratios between on-campus and online training components for 

delivering each programme module.                                                                         

Further, it is possible to design each curriculum element (course) within each BEng-programme 

module. The optimal ratios between online and on-campus T&L components for the delivery of each 

course can be determined taking into consideration the detailed course LOs and types of the on-campus 

and online learning activities providing achievement of the intended LOs. It was founded that as a result 

of digital transformation, the pilot CDIO-programme can be mastered by BEng-students using online 

distance learning by 40%. This will allow students to have more freedom in terms of individualization of 

learning, providing academic mobility and the use of other benefits of distance learning. 

 

6.2. Digital Transformation in the 2nd cycle of Engineering Education 

A FCDI graduate programme as the 2nd cycle of EE is based on the principle that innovative product, 

process, and system design and development lifecycle: Forecasting – Conceiving - Designing - 

Implementing is an adequate competence model for MSc degree in engineering (Chuchalin, 2018a). 

Considering the content of the work at each stage of innovative engineering activity (F-C-D-I), as well as 

the required graduates’ competencies, the FCDI-programme developers and experts estimate the possible 

ratios between on-campus and online training components, taking into account the opportunity of 

achieving the intended LOs. The diagram (Figure 2) shows the projected estimates of the proportions (%) 

obtained as a result of peer review of the technology capacity for the development of the required 

competencies.  
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Figure 02.  On-campus & online training for innovative engineering activity 

  

As follows from the diagram in the Figure 2, to prepare the graduates for engineering activity at 

the "Forecast" stage, according to the FCDI-programme developers and experts, the online training 

component may be up to 85%, and on-campus training component ~ 15%. The developers and experts 

substantiate this by the fact that to achieve the majority of the LOs required for analyzing the market 

trends, making predictions of future customer needs, estimating risk and uncertainty, determining the 

most demanded and competitive innovative products, processes, and systems, the presence of students on 

university campus is not critically needed. To prepare graduates for engineering activity at the 

“Implement” stage, the on-campus training component should be not less than 60% to acquire the skills 

and experience required for production management when implementing innovative projects, as well as 

controlling of the advanced technology when product manufacturing and coding. The rest training for this 

activity can be realized by distance learning via the Internet through online tools and e-resources. As for 

the preparation of the graduates for successful activity at the “Conceive” stage (feasibility study, 

modelling and simulation, development of advanced technique and technology, assessment of the 

economic impact of innovations, planning and creation of R&D resources for innovative product, process, 

or system design) and the “Design” stage (designing & developing of innovative product, process, or 

system taking into consideration severe limitations) the online training components may be up to 80% and 

60%, respectively. Comparative analysis of the diagrams in the Figure 1 and Figure 2 shows that online 

training may be used more widely in the preparation of Masters for innovative engineering activity than 

in the preparation of Bachelors for complex engineering activity.  

Based on the estimations and the results of critical assessment of the opportunities of achieving 

intended LOs of each module, the developers and experts rationally design each curriculum element and 

determine optimal ratios between online and on-campus T&L components. It was founded that as a result 

of digital transformation, the pilot FCDI-programme can be studied remotely by MSc-students by 60%. 

This gives students a lot of benefits, including possibility to combine university study with practical work 

in industry.  

 

6.3. Digital Transformation in the 3rd cycle of Engineering Education 

A FFCD postgraduate programme is based on the principle that creation of scientific basis for the 

development and design of innovative product, process, and system lifecycle: Foreseeing – Forecasting - 
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Conceiving - Designing is an adequate competence model for PhD degree in engineering (Chuchalin, 

2018a). Considering the content of the work at each stage of the research engineering activity (F-F-C-D), 

as well as the required graduate’s competencies, the developers and experts estimate the preferable ratios 

between on-campus and online training components of the FFCD-programme, taking into account the 

opportunity of achieving the intended LOs. The diagram (Figure 3) shows the projected estimates of the 

proportions (%) obtained as a result of peer review of the technology capacity to develop the required 

competencies.  

 

 
Figure 03.  On-campus & online training for research engineering activity 

 

As follows from the diagram in the Figure 3, to prepare the graduates for engineering activity at 

the "Foresight" stage, according to the FFCD-programme developers and experts, the online training 

component may be up to 90%, and on-campus training component ~ 10%. The developers and experts 

substantiate this by the fact that to achieve the majority of the LOs required for long-term vision, analyses 

of the society needs, research & innovation planning, technological foresight, analyses of “critical” 

technologies, the presence of students on campus is not critically needed. To prepare graduates for 

engineering activity at the “Forecast” stage (knowledge management, research and new knowledge 

generation, critical analyses of scientific data, assessment of knowledge-intensive technology needs), the 

“Conceive” stage (creation of scientific basis for the development and design of innovative product, 

process, or system, development of new technique and technology based on up-to-date knowledge) and 

the “Design” stage (scientific support of knowledge-intensive innovative product, process, or system 

design and development) the online training components may be up to 80%, 70% and 60%, respectively. 

Comparative analysis of the diagrams in the Figure 2 and Figure 3 shows that online training can be used 

more widely in the preparation of PhD-students for research engineering activity than in the preparation 

of MSc-students for innovative engineering activity. The ECTS credit rating of the modules of the 

particular pilot PhD-programme corresponds to its specialization and appropriate orientation to the 

priorities of preparing graduates for work at the F-F-C-D stages of research engineering activity.  
Based on the estimations, it is possible to design each module and curriculum element within PhD-

programme and to determine optimal ratios between the online and on-campus T&L components. It was 

founded that as a result of digital transformation, the intended LOs of the pilot FFCD-programme can be 

achieved by PhD-students by 70% out off campus. This will enable students to move around in the course 

of study and to do research not only in their university, but also in other leading research centers, as well 
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90% 80% 70% 60%
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as to participate in domestic and international conferences to share knowledge. All this will significantly 

improve the quality of the PhD-student research work and prepare graduates for future research activities 

in the era of the industrial revolution and the digital economy.   

 
7. Conclusion 

Blended learning, which is a combination of on-campus and online training, is increasingly used in 

three-cycle engineering education. The potential for applying the BL method is related to its optimization 

based on the criterion that is the maximum efficiency of achieving intended LOs at the required level 

using on-campus and online training. To increase the component of online training in the BL method and 

to maximize the benefits of distance learning, it is necessary to increase the level of digitalization of 

engineering programmes. The methodology presented in this paper enables to assess the rational level of 

digital transformation in EE in each of the three cycles of graduate training for complex, innovative and 

research engineering activity, respectively. The methodology is based on the CDIO-FCDI-FFCD models 

developed taking into account the peculiarities of the division of labor in the engineering profession and 

appropriate context of complex, innovative and research engineering activity. The methodology assumes 

an analysis of graduates’ competencies required at different stages (Foresight, Forecast, Conceive, 

Design, Implement, Operate) of engineering activity and assessment of the opportunities to achieve 

intended LOs by the students of BEng, MSc and PhD-programmes with the use of on-campus and online 

training. As a result of the decomposition of programme LOs the modular structure and content of the 

three-cycle engineering programmes are developed. The optimal ratios between online and on-campus 

training components are defined for each module and curriculum element based on the criterion to 

achieve intended LOs with maximum efficiency. Finally, the rational level of digital transformation in the 

three cycles of EE for application of the BL method are defined. The methodology given in this paper has 

been tested in Kuban State Technological University. Based on the examples of the pilot three-cycle 

engineering programmes in the field of food production technologies, it was shown that due to rational 

application of the BL method a CDIO-programme can be mastered by BEng-students using distance 

learning by 40%, a FCDI-programme can be studied remotely by MSc-students by 60%, and a FFCD-

programme intended LOs can be achieved by PhD-students by 70% out off campus. The increase of the 

online training components enables students to have more freedom in terms of individualization of study 

and the use of other benefits of distance learning. The methodology presented in this paper is 

recommended for use by EE practitioners dealing with the development of three-cycle engineering 

programmes designed for delivery by BL method. The methodology is also subject to further 

enhancement through more detailed research in the field of the BL method rational application with the 

help of the CDIO-FCDI-FFCD models.   
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