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The traditional educational research focuses primarily on students' test scores or obtaining 
credits, and the learning scientists often deals with knowledge, skills and competencies. The term 
"cyberlearning" reflects the growing interest in the management of technology interactions and 
education, especially with regard to the use of networking and information technologies. The 
cyberlearning is essentially a new stage in e-learning, in which the technological tools are used to 
actually implement and improve learning knowledge, which would otherwise be impossible without 
the technology itself. The various perspectives on cyberlearning and its purpose highlight the need for 
more information. The future educational systems are expected to transform from institutions with a 
strong emphasis on teaching to organizations with an increased emphasis on learning. In this survey 
article, it is attempted to systematize the information on the concept of cyberlearning and to show the 
challenges for cyberlearning, science training and engineering education. Some well-established tools 
for cyberlearning are presented, such as: Scratch, PhET (Physics Education Technology), Mobile 
Studio, TeachEngineering and ELASTIC3S cyberlearning platform. The development is indicated and 
statistics on European higher education are presented. The connection between technology, industry 
4.0 and engineering education is shown. Examples are given of building and promoting cyberlearning 
in the USA, Korea and China. 
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Киберобучение и инженерно образование - обзор (Сеферин Мирчев). Традиционните 
образователни изследвания се фокусират предимно върху тестовите резултати на 
студентите или получаването на кредити, a науката обучение често се занимава със знания, 
умения и компетентности. Терминът "киберобучение" отразява нарастващия интерес към 
мениджмънта на взаимодействията на технологиите и образованието, особено по 
отношение на използването на мрежови и информационни технологии. Киберобучението по 
същество е нов етап в електронното обучение, при който технологичните инструменти се 
използват за действително осъществяване и подобряване на познанията за обучение, който в 
противен случай би бил невъзможен без самата технология. Различните гледни точки за 
киберобучението и неговата цел подчертават необходимостта от повече информация. 
Очаква се бъдещите образователни системи да се трансформират от институции със силен 
акцент върху преподаването към организации с повишен акцент върху обучението. В 
настоящата обзорна статия е направен опит да се систематизира информацията относно 
понятието киберобучение и да се покажат предизвикателствата пред киберобучението, пред 
науката обучение и пред инженерното образование. Представени са някои утвърдени 
средства за киберобучение като: Scratch, PhET (Технологии за обучение по физика), Mobile 
Studio, TeachEngineering и ELASTIC3S платформа за киберобучение. Посочено е развитието и 
са представени статистически данни за Европейското висше образование. Показана е 
връзката между технологиите, индустрия 4.0 и инженерното образование. Дадени са 
примери за изграждани и утвърждаване на киберобучението в САЩ, Корея и Китай. 

“We are currently preparing students for jobs that don't yet exist,  
using technologies that haven't been invented,  

in order to solve problems,  
we don't even know are problems yet.” 

Quote by Richard Riley [38] 
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Introduction 
The new and emerging technologies have the 

potential to expand and transform learning and 
educational opportunities and outcomes for learners 
and workers of all ages, making it possible to adapt to 
their interests, needs, prior knowledge and available 
resources. 

The term "cyberlearning" reflects a growing 
interest in managing the interactions of technology 
and education, especially with respect to the use of 
networking and information technologies.  

Most experts in the field emphasized the purpose 
of cyberlearning as a form of content delivery [24]. 

The technologies based on cloud computing, 
ultrafast networks and software defined networking 
will play a key role in the creation of both educational 
and industrial cyber-physical systems. 

The world is changing driven by combinations of: 
Artificial intelligence; Machine learning; Internet of 
Things; Robotics; and more. These new technologies 
are enabling instantaneous, dynamic interaction 
between humans and machines in unprecedented 
ways. This transformation will change the ways we 
produce goods, provide services, and collaborate with 
colleagues [28]. 

The technological development is the overall 
process of invention, innovation and diffusion of 
technology or processes. The cyberlearning is related 
to the development of the following technologies 
based on the cost of computing decreasing and the 
computer power increasing: Computers ubiquitous 
and networked (Internet of Things); Software 
platforms facilitating new services; Artificial 
Intelligence (AI) accelerating the impact of big data. 

In this article is presented a survey of the 
cyberlearning which create a comprehensive 
technology-based learning experience. 

What Is Cyberlearning? 
The cyberlearning is a term that has recently risen 

to prominence, and reflects an important shift in 
approaches to educational technology. The National 
Science Foundation Taskforce on Cyberlearning has 
defined cyberlearning as “…the use of networked 
computing and communications technologies to 
support learning” [24]. 

“The cyberlearning is the use of new technology to 
create effective new learning experiences that were 
never possible or practical before. The cyberlearning 
movement advances learning of important content by 
applying scientific insights about how people learn, 
leveraging emerging technologies, and designing 
transformative learning activities” [20]. 

“The cyberlearning is grounded in research and 
theories on how people learn, reflects deep content 
expertise, seriously involves practitioners in the 
design and research, and focuses on learning 
activities” [7]. 

The cyberlearning is “Interactions among 
communities of learners across space and time” [10]. 

The cyberlearning is “Customized interaction with 
diverse materials, on any topic, at any age” [10] 

Although the emphasis is clearly on networking 
technologies that define the information age (e.g. 
cloud computing and social media), the future 
technologies that mediate human interactions, which 
are at the heart of education, are crucial. 

The new technologies change what and how 
people learn (fig. 1). The cyberlearning is informed by 
learning science. The cyberlearning movement 
advances learning of the important content by [27]: 

• Applying scientific insights about how people 
learn; 

• Leveraging emerging technologies; 
• Designing transformative learning activities; 
• Engaging teachers and other practitioners; 
• Measuring deeper learning outcomes; 
• Emphasizing continuous improvement; 

 

 
Fig. 1. Connection between new technologies and 

learning [27]. 
In the past several years, deep learning has taken 

the world by surprise, driving rapid progress in fields 
as diverse as computer vision, natural language 
processing, automatic speech recognition, reinforce-
ment learning, and statistical modelling. With these 
advances in hand, It is possible now build cars that 
drive themselves with more autonomy than ever 
before, smart reply systems that automatically draft 
the most mundane emails, helping the people to cope 
with the large inboxes and software agents that 
dominate the world’s best humans at the board games. 
These tools exert ever-wider impacts on industry and 
society, changing the way movies are made, diseases 
are diagnosed, and playing a growing role in funda-
mental sciences - from astrophysics to biology [39].  

The cyberlearning is essentially development of 
the eLearning, where technology tools are used to 
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actually carry out and facilitate learning experiences 
that would otherwise be impossible without the 
technology itself. The eLearning, on the other hand, is 
essentially the pure delivery of content (online) as 
opposed to actual ‘doing’. In eLearning, the focus is 
on transmission of information via a digital platform, 
whereas cyberlearning uses a digital platform to create 
a comprehensive technology-based learning 
experience, wherein students derive their own 
meaning, understanding, and thus learning [18]. 

The eLearning as technology becomes more 
affordable in higher education but having a big barrier 
in the cost of developing its resources. Deep learning 
using artificial intelligence continues to become more 
and more popular and having impacts on many areas 
of eLearning. It offers online learners of the future 
with intuitive algorithms and automated delivery of 
eLearning content through modern learning 
management system platforms [25]. 

Cyberlearning research is the study of how new 
technologies, informed by what we know about how 
people learn, can be used to advance learning in ways 
that were never before possible. The researchers have 
found that the best way to investigate potential 
advances is to design learning experiences and study 
them. Thus, the cyberlearning research is creative and 
aspirational and often features novel designs [36]. 

The cyberlearning research is design research. The 
project leaders aspire to create general designs that go 
beyond what is possible in today’s products and 
illuminate visions of how learning can be enhanced 
with technology in the future [9]. They are suggested 
six designs: Community Mapping; Expressive 
Construction; Digital Performance Spaces; Virtual 
Peers and Coaches; Remote Scientific Labs; 

Collaborative Learning with Touch Interfaces, and 
three methodological innovations: Multimodal 
Analysis; Analytics for Assessment; User- and 
Community Centered Design. 

Learning science 
The technology is used to support both teaching 

and learning, technology infuses classrooms with 
digital learning tools, such as computers and hand 
held devices; expands course offerings, experiences, 
and learning materials; supports learning 24 hours a 
day, 7 days a week; builds 21st century skills; 
increases student engagement and motivation; and 
accelerates learning [33]. 

The importance of the development of Information 
and Communication Technology (ICT) in education 
and training to respond better to the vision, goals, 
objectives and challenges of ICT and the beneficial 
role that it can play in enhancing and improving both 
teaching and learning [1] (fig. 2). 

The learning science is a field of scientific research 
that include cognitive science, computer science, 
information processing, psychology, child 
development, anthropology, and linguistics.  

While traditional educational research focuses 
primarily on students’ test scores or attainment of 
credentials, learning scientists are often concerned 
with knowledge, skills, and abilities - for example, 
their knowledge of an emerging scientific topic, their 
skills in participating in a scientific discussion, or their 
ability to work with others to build knowledge. The 
learning science is willing to be future-directed, 
imaginative and risky — to explore how learners 
could develop in ways that are clearly valuable, but 
presently hard to learn. 

Fig. 2. Goals of information and communication technology in education [12]. 
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New and emerging technologies have the potential 
to expand and transform learning and educational 
opportunities and outcomes for learners and workers 
of all ages, making it possible to adapt to their 
interests, needs, prior knowledge and available 
resources [18]. The Internet of Things application in 
education aims to establish an ecosystem in which 
students and teachers can achieve a deeper, pragmatic-
based understanding of their environs and can activate 
changes [3]. 

There are many innovative technologies to support 
learning [27]:  

• Mobile learning; 

• Data visualization; 
• Modelling and simulation; 
• Collaborative learning environments; 
• Embodied learning; 
• Learning analytics and data mining; 
• Games and virtual worlds; 
• Intelligent tutors; 
• Massive Open Online Courses (MOOCs); 
• Robotics; 
• Virtual and remote laboratories; 
• Augmented reality/immersive environments. 
The evolution of learning technology is shown in 

fig. 3. 

 
Fig. 3. Summary of learning technologies [12]. 

 
M-learning or mobile learning is "learning across 

multiple contexts, through social and content interac-
tions, using personal electronic devices". 

E-learning is a learning environment which uses 
information and communication technologies as a 
platform for teaching and learning activities. It is 
broadly inclusive of all forms of educational 
technology in learning and teaching. E-learning is 
inclusive of, and is broadly synonymous with 
multimedia learning, technology-enhanced learning, 

computer-based instruction, computer-based training, 
computer-assisted instruction internet-based training, 
web-based training, online education, virtual 
education, virtual learning environments, m-learning, 
and digital educational collaboration. These 
alternative names emphasize a particular aspect, 
component or delivery method. 

In [6] is outlined the emergence of next generation 
cyber-physical frameworks which can support the 
adoption of next generation educational approaches 
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and activities. The next generation networking 
capabilities provide possibility for students and 
educators to interact, explore and exchange high 
gigabit data and information from distributed 
locations. The technologies based on cloud 
computing, ultrafast networks and software defined 
networking will play a key role in the creation of both 
educational and industrial cyber-physical systems. 

Cyberlearning tools 
Various perspectives on cyberlearning and its pur-

pose highlight the need for more information: 
• practitioners need more information about what

learners know;
• product designers need more information about

how their tools are being used;
• and everybody needs to know more about how

these carefully designed cyberlearning tools are
actually being implemented, and their effects on
students.

Scratch 

Scratch is a project of the Lifelong Kindergarten 
Group at the MIT Media Lab. It is provided free of 
charge. Scratch is designed especially for ages 8 to 16, 
but is used by people of all ages. Millions of people 
are creating Scratch projects in a wide variety of set-
tings, including homes, schools, museums, libraries, 
and community centres. 

With Scratch, you can program your own interac-
tive stories, games, and animations - and share your 
creations with others in the online community. 

Scratch helps young people learn to think 
creatively, reason systematically, and work 
collaboratively - essential skills for life in the 21st 
century [31]. 

The educators are integrating Scratch across many 
different subject areas and age groups. 

By the Scratch Tutorials, you can find out how you 
can create stories, animations, games, and more  
(fig. 4). 

Fig. 4. Tutorial library in Scratch 3.0 [31]. 

PhET (Physics Education Technology) 

PhET is a suite of research-based interactive 
computer simulations for teaching and learning 
physics, chemistry, math, and other sciences. PhET 
simulations can be run online or can be downloaded 
free from the PhET website. The simulations are 
animated, interactive, and game-like environments 

where students learn through exploration. They 
emphasize the connections between real-life 
phenomena and the underlying science, and help make 
the visual and conceptual models of expert scientists 
accessible to students. PhET simulations are 
developed primarily for and are tested with university 
and high school students (fig. 5). 
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Fig. 5. PhET - Variety of simulations with different goals and features [37]. 

Founded in 2002 by Nobel Laureate Carl Wieman, 
the PhET Interactive Simulations project at the 
University of Colorado Boulder creates free 
interactive math and science simulations. PhET sims 
are based on extensive education research and engage 
students through an intuitive, game-like environment 
where they learn through exploration and discovery. It 
is adaptable for a variety of learners (fig. 6). 

Fig. 6. Circuit construction kit [37]. 

The design of PhET simulations supports 
productive student exploration (fig. 7). 

Mobile Studio 

Mobile Studio is developing pedagogy and 
hardware/software which, when connected to a PC 

(via USB), provides functionality similar to that of 
laboratory equipment (oscilloscope, function 
generator, power supplies, digital millimetre, etc.) 
typically associated with an instrumented classroom 
[23].  

Fig. 7. States of matter [37]. 

The Mobile Studio IOBoard is a small, inexpensive 
hardware platform for use in a home, classroom or 
remote environment. When coupled with the Mobile 
Studio Desktop software, the system duplicates a large 
amount of the hardware often used to teach Electrical 
Engineering, Computer Engineering, Control Systems, 
Physics courses and others. One example how to use 
the Mobile Studio is shown in fig. 8. 
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Fig. 8 Mobile Studio software tutorial [23]. 

 

TeachEngineering 

TeachEngineering.org is a digital library of more 
than 1,500 K-12 engineering curricular items such as 
lessons, hands-on activities and maker challenges. The 
items feature problem-solving, project-based learning, 
design and systems thinking, and developing 
engineering habits of mind [32]. 

 
The university engineering faculties, graduate 

students and K-12 teachers are developed and tested 
in the classrooms the contents of the 
TeachEngineering collection, which show cases 
engineering in everyday life as the context for student 
learning. The specific contributions by individual 
authors are recognized at the end of every lesson and 
activity. The collection aligns with state and/or 
national science, mathematics and technology 
educational standards, and uses engineering as the 
vehicle to integrate science and mathematics concepts 
for K-12 students. 

The TeachEngineering is a digital library 
comprised of standards-based engineering curricula 
for K-12 educators to make applied science and math 
come alive through engineering design [32]. 

The educators have free access to ever-growing 
collection of activities, lessons, units, maker 
challenges, sprinkles, and living labs. Many generous 
sponsors and partners have helped to establish, 
develop and promote this collection to help make 
teaching STEM easy and accessible for K-12 
educators everywhere. 

ELASTIC3S cyberlearning platform 

ELASTIC3S (Embodied Learning Augmented 
through Simulation Theaters for Interacting with 
Cross-Cutting Concepts in Science) is a set of gesture-
driven science simulations that are connected through 
a core idea (e.g., scale, rates of change) and utilize a 
common scheme for embodied interaction. Embodied 
cognition argues that “mental” processes of thinking 
and learning are in fact anchored in the body, its 
system of perception, and the actions that it takes in 
the world [18]. 

The ELASTIC3S simulation environment allows 
learners to interact virtually with content and ideas 
that would be impossible to experience in the physical 
world in a way that capitalizes on humans’ innate 
capacity to orient and mobilize in real or virtual three-
dimensional space. 

In the fig. 9 is shown the screenshots of the 
ELASTIC3S earthquake simulation. On the left, the 
student is building pressure in the plates 
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corresponding with a high-amplitude earthquake. The 
right shows the results of the triggered earthquake on 
a nearby city. In both views, there is a “base bar” at 

the bottom showing the gesture-manipulated quantity 
representing the amplitude and a graph showing the 
amplitude relative to its Richter magnitude. 

 
a) Building pressure in the plates                                      b) Results of the triggered earthquake 

Fig. 9. Screenshots of the ELASTIC3S earthquake simulation [18]. 
 

The positive outcomes of existing cyberlearning 
resources, like Scratch, PhET, and the Mobile Studio, 
hint at the promise cyberlearning holds for facilitating 
the development of 21st century skills [19]. It is 
important to support cyberlearning research and 
developments that promote excellence in 
undergraduate Science, Technology, Engineering, and 
Mathematics (STEM) education. There is a need to 
understand elements of existing resources that have 
already achieved positive outcomes. 

Engineering, Higher Education and Statistics 

As the world in 21st century is being and will be 
further revolutionized by the rapid development of the 
science and technology, the engineering skills impact 
individuals’ wages and jobs, determine whether 
countries survive in the fierce international 
competitions in the long run, and more importantly, 
whether our next generation will have the capability to 
meet the common global challenges in the decades to 
come. The engineering education sets young 
generations to becoming successful engineers by 
teaching them the set of knowledge, skills and 
attitudes needed to solve complex problems, to 
strengthen productivity and to achieve excellence. 
From the graduates of engineering programs are 
usually expected to demonstrate special abilities 
distinguished from other areas like humanities or 
social sciences. These abilities usually include but are 
not limited to applying knowledge of math, science 
and engineering, designing and conducting 
experiments, analysing and interpreting relevant data, 
demonstrating the competences to design systems, 
components or processes to identify, formulate and 
solve engineering problems. For this reason, the 

improving the quality of engineering education is a 
constant theme of higher education sector across the 
globe [40]. 

Grand Challenges for Engineering 

Throughout human history, engineering has driven 
the advance of civilization. In each of these broad 
realms of human concern — sustainability, health, 
vulnerability, and joy of living — specific grand 
challenges await engineering solutions. The world’s 
cadre of engineers will seek ways to put knowledge 
into practice to meet these grand challenges. Applying 
the rules of reason, the findings of science, the 
aesthetics of art, and the spark of creative imagination, 
engineers will continue the tradition of forging a 
better future.  

A diverse committee of experts from around the 
world, some the most renowned engineers and 
scientists of their generation, have proposed the 14 
challenges [26]: 

1. Make solar energy economical 
2. Provide energy from fusion 
3. Develop carbon sequestration methods 
4. Manage the nitrogen cycle 
5. Provide access to clean water 
6. Restore and improve urban infrastructure 
7. Advance health informatics 
8. Engineer better medicines 
9. Reverse-engineer the brain 
10. Prevent nuclear terror 
11. Secure cyberspace 
12. Enhance virtual reality 
13. Advance personalized learning 
14. Engineer the tools of scientific discovery 
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Computing and Engineering 
The educational and career pathways of computer 

scientists and engineers are increasingly intersecting, 
as is seen in the overlap in occupations, skills, and 
degrees of the two fields. The abilities and knowledge 
involved in computing - including programming, 
computing architecture and organization, data mining, 
software design, and the relatively new field of data 
science - should be included in the list of attributes for 
future engineers. The computers and the software are 
ubiquitous tools in design, simulation, testing, and 
manufacturing. The computing and the data science 
skills are desired in almost all occupations. Therefore, 
just as fundamental mathematics and science 
knowledge have historically been basic requirements 
for engineering degree, computing aptitude is now 
essential to an engineer’s toolbox.  

The junior scholars and the graduate often find 
reading STEM literature daunting, especially for the 
math-content/formulae. In [15] is proposed a novel 
problem, “mathematics content understanding”, for 
cyberlearning and cyber-reading. To address this 
problem, it is created a Formula Evolution Map 
offline and implemented a novel online 
learning/reading environment, PDF Reader with 
Math-Assistant, which incorporates innovative math-
scaffolding methods. 

The cloud computing is “a model for enabling 
ubiquitous, convenient, on-demand network access to 
a shared pool of configurable computing resources 
(e.g., networks, servers, storage, applications, and 
services) that can be rapidly provisioned and released 
with minimal management effort or service provider 
interaction. The introduction of cloud computing in 
higher education is mainly down to the cost-efficient 
nature of this technological innovation, though it is 
important to note that cloud computing also has 
creative capabilities, since it encourages and facilitates 
the creation, use and sharing of ideas, knowledge and 
thoughts [4]. 

The cloud computing technology is advantageous 
to cost saving and scalability issues, whereby it comes 
as a solution to lack of computing resources in the 
educational systems. The cloud based virtual 
computing labs provides all kinds of computational 
resources and application software at one place that 
would be helpful for learning for students of STEM 
subjects [16].  

The Mobile Learning has provided innovative 
opportunities for both teachers and students, as it 
produces an active learning atmosphere anywhere and 
anytime. The mobile learning model can be 
resourcefully improvised by adding the cloud 

technology into it. The technology underneath cloud 
based mobile learning can be effectively used in the 
study of engineering subjects resulting in superior 
attainment of outcomes [21]. 

European Higher Education Area 
The Bologna Follow Up Group has identified three 

key commitments that underpin the European Higher 
Education Area (EHEA). These commitments concern 
the implementation of the three-cycle degree structure, 
recognition of qualifications and quality assurance. 
The priorities of the Bologna Process, in addition to 
the implementation of these commitments, are 
learning and teaching, social inclusion and 
employability. 

The Education, Audiovisual and Culture Executive 
Agency (EACEA) is an agency of the European 
Union located in Brussels, Belgium. It manages parts 
of the Union's programs in education, culture, and 
audiovisual fields [34]. 

Through the strategic framework for education and 
training, EU countries have identified four common 
objectives to be addressed by 2020: 

• make lifelong learning and mobility a reality; 
• improve the quality and efficiency of 

education and training; 
• promote equity, social cohesion, and active 

citizenship; 
• enhance creativity and innovation, including 

entrepreneurship, at all levels of education 
and training. 

The International Standard Classification of 
Education (ISCED) is a statistical framework for 
organizing information on education maintained by 
the United Nations Educational, Scientific and 
Cultural Organization (UNESCO). 

The education systems vary a lot between 
countries. International data on education should 
therefore be based on a classification, which proposes, 
for all countries of the world, sound criteria for the 
allocation of education programmes to levels, which 
can be considered, as comparable. ISCED 2011 has 
nine education levels, from level 0 to level 8 (tertiary 
education is from level 5 to 8): 

• ISCED level 5 - Short-cycle tertiary education 
• ISCED level 6 - Bachelor or equivalent 
• ISCED level 7 - Master or equivalent 
• ISCED level 8 - Doctoral or equivalent 

Student population 

There were around 37.7 million tertiary students in 
the EHEA in the academic year 2014/15 (see fig. 10). 
The number of students enrolled in tertiary education 
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(ISCED levels 5-8) varies between 457 in Andorra to 
more than 7 million in Russia, a country that accounts 

for 19.7 % of the tertiary student population in the 
EHEA. 

 
Fig. 10. Number of students enrolled in tertiary education by ISCED level, 2014/15 [34]. 

 

Expenditure on higher education 

The European higher education institutions are 
funded predominantly from public sources. This 
section compares public expenditure on higher 
education in the EHEA based on Eurostat indicators: 
public expenditure as percentage of Gross domestic 
product (GDP) and as percentage of total public 
expenditure.  

The annual public expenditure on tertiary 
education as a percentage of GDP is often used as an 
indicator of a country’s public financial effort in 
supporting its higher education system. It is 
appropriate for comparative analysis because it takes 
into account the relative size of the country’s 
economy. The annual public expenditure on tertiary 
education includes spending from all levels of 
government and covers both direct funding for higher 
education institutions and funding for all other 
institutions providing tertiary education-related 
services. 

Fig. 11 shows annual public expenditure on tertiary 
education as % of GDP and how much of that is spent 
on research and development. In 2014, half of the 
countries in the EHEA spent more than 1.2 % of GDP 
on tertiary education. The three countries with the 

highest spending were Denmark (2.3 %), Norway (2.2 
%) and Finland (2 %). 

The figure also shows how much of a country's 
annual public expenditure is directed to research and 
development. There is wide variation in R&D 
spending in the EHEA. Such direct R&D expenditure 
might be funded through different modes: institutional 
funding and/or project-based funding and depends on 
the overall institutional setting of EHEA countries' 
research systems. Sweden and Finland both spend 
about 0.6 % of GDP on R&D. Bulgaria and Romania 
spend the lowest among EHEA countries on R&D, 
0.03 % and 0.01 % of GDP respectively. 

INDUSTRY 4.0 and Engineering Education 

Industry 4.0 is a German initiative aiming to 
promote the digitization of manufacturing towards the 
smart factories and networks of the future and seen 
worldwide as the fourth industrial revolution [17]. 

The Industry 4.0 relates mainly to apply ICT 
technologies, essentially based on the use of Cyber-
Physical Systems (CPS). 

For an effective implementation of Industry 4.0, 
the engineers should have expanded design skills that 
cover interoperability, virtualisation, decentralisation, 
real time capability, service orientation, modularity 
etc. along with the information technology skills. 
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The education of Industry 4.0 is a process that 
integrates Humanities, Science, Technology, 
Engineering, Art, Mathematics, Medicine associated 
with the increased critical thinking abilities, higher 

order thinking, deeper learning, content mastery, 
creative problem solving, teamwork and 
communication skills [14]. 

 
Fig. 11 Annual public expenditure on tertiary education by ISCED level as a % of the GDP, 2014 [34]. 

 
The engineers of Industry 4.0 must learn the skill 

of applying scientific as well as mathematical 
principles to design, develop and operate, maintain, 
integrate, inter-connect, control & analyse the 
structures/ machines/ materials/ systems/ software. 

This process can be achieved through acquisition 
of knowledge, skills & competencies related to the 
profession one chooses, communication skills, ability 
to work as a team, ethical decision making, critical 
thinking, ability to apply knowledge to solve real 
world problem. 

The first industrial revolution was related to the 
introduction of mechanical production equipment 
driven by water and steam power, the second one 
based on industrial organization (i.e. mass production) 
and the use of electrical energy, and the third one 
based on the introduction of electronics and IT to 
automate the production and machinery. Similarly, to 
the third industrial revolution, the fourth one relates 
mainly to apply ICT technologies, essentially based 
on the use of CPS (fig. 12). 

Industry 4.0 is the beginning of a new digital 
industrial technology era that is transforming systems, 
sensors, machines, work pieces and IT. Industry 4.0 is 
making it possible to gather and analyse data across 
machines - creating a more efficient process with 
these nine technologies (fig. 13). 

The STEM education fosters Industry 4.0 with its 
aims and 21st century skills and it should be enhanced 
to have high quality industry for a country [13]. 

Some the 21st century skills and the STEM 
education’s aims are very important to have high 
quality industrial system within Industry 4.0. Another 
significant indicator is to link STEM education’s aims 
and 21st century skills. Within this context, the STEM 
education can foster Industry 4.0. 

 
Examples of Cyberlearning 

Cyberlearning in USA 

 
The National Science Foundation (NSF) is an 

independent federal agency and support basic research 
and people to create knowledge that transforms the 
future [8]. The NSF is the only federal agency whose 
mission includes support for all fields of fundamental 
science and engineering, except for medical sciences 
[2]. NSF is divided into seven directorates that support 
science and engineering research and education.  

One of them is “Computer and Information 
Science and Engineering”. It comprises four other 
units. One of them is “Office of Advanced Cyber-
infrastructure (OAC). The OAC supports and 
coordinates the development, acquisition, and 
provision of state-of-the-art cyber-infrastructure 
resources, tools and services essential to the 
advancement and transformation of science and 
engineering. 
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Fig. 12. The Four Industrial Revolutions [11]. 

 

 
Fig. 13. Nine Technologies of Industry 4.0. [35]. 
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The OAC also supports forward-looking research 

and education to expand the future capabilities of 
cyber-infrastructure specific to science and 
engineering. By fostering a vibrant ecosystem of 
technologies and a skilled workforce of developers, 
researchers, staff and users, OAC serves the growing 
community of scientists and engineers, across all 
disciplines, whose work relies on the power of an 
advanced research cyber-infrastructure. 

The Centre for Innovative Research in 
Cyberlearning (CIRCL) works with projects in the 
emerging field of cyberlearning to support and 
amplify their efforts.  

 
The CIRCL is funded by the National Science 

Foundation under some grants and led by Digital 
Promise (also known as the partnership with Stanford 

Research Institute (SRI International), Education 
Development Centre (EDC), and National Opinion 
Research Centre (NORC) at the University of Chicago 

The CIRCL is the hub of the knowledge network 
(research community) for cyberlearning and hosts a 
useful collection of resources. 

 
Cyberlearning System in Korea 
 
The Republic of Korea is has made the shift to a 

technology-focused education system requires 
carefully calibrated steps, carried out systematically 
over a long period of time with full support from 
government, parents, teachers, and other stakeholders, 
along with sufficient resources [12]. This transition in 
a relatively short period of time starting with 
audiovisual education in schools in the 1970s, the 
introduction of formal computer education in the 
1980s, and a series of master plans starting in 1996 
through to the present, that have fully embedded ICT 
in the system (fig. 14). 

 

Fig. 14. Summary of Use of ICT in Education in Korea [12]. 
 

The cyberlearning is also adopted in 2004 with the 
goal of reducing out-of-school expenses and 
narrowing the education gap between regions in the 
country. It is a free internet-based, e-learning service 
based on the national curriculum that enables students 
to supplement school classes. The Smart education 
initiative in 2011 is aimed to engage and empower 
students by putting them at the centre of learning  
(fig. 15). As of 2015, there were over 2.1 million 
subscribers to the service (fig. 16). 

The Cyber (Home) Learning System (CLS) is 
expanded to high school in 2006 in Korea. The next 
generation Learning Management System (LMS)/ 
Learning Contents Management System (LCMS) is 
developed is 2008 in Korea (fig. 17). It is build 

networks of the next generation LMS/LCMS in 16 
cities and provinces in 2010 and they are put into 
operation. 

The adoption of cyberlearning has seen substantial 
improvements in educational outcomes, including a 
more than 12% improvement in academic 
achievements since start up, and strong increases in 
building effective learning habits and raising interest 
in different subjects. 

To create effective 21st century learning students 
need to be allowed to do new things, in new ways, and 
get a different, and better, education because of the 
technology [29]. 
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Fig. 15. Major initiatives of ICT in education in Korea [12]. 

 
Fig. 16. Overview of Cyberlearning System in Korea [12]. 

 

Cyberlearning in China 
 

 
 

According to Notice from the General Office of the 
National Development and Reform Commission of 
the People's Republic of China in 2017 is organized 
National Engineering Laboratory for Cyberlearning 
and Intelligent Technology. 
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Fig. 17. Learning management system of Cyber learning system in Korea [12]. 
 

The National Engineering Laboratory for 
Cyberlearning and Intelligent Technology focuses on 
the sharing of high-quality educational resources and 
the urgent need of intelligent educational resources to 
construct a research platform for cyberlearning 
intelligent technology. It supports Interactive System 
for Distance Education, Knowledge Modelling and 

Analysis, Learner Modelling, Learning Analytics, 
Design and Assessment of Learning Environment, 
Systematic Education Governance as well as other 
technological R&D and engineering [5]. 

The mission of the National engineering laboratory 
is to promoting the construction of “Internet + 
Education” (fig. 18). 

 
Fig. 18. Mission of the National engineering laboratory for  

Cyberlearning and Intelligent Technology in China [5]. 
 

China has outlined an initiative ‘New Engineering 
Education’ (NEE) to reform its engineering education 
at university level in 2016 [40]. 

NEE has also been initiated with a pragmatic 
purpose of producing quality engineering talents to 
underpin the country’s technological advancement and 
long-term economic development. 

Since 2017, China has taken various actions to 
develop NEE, including formulation of National 

Standards for many categories of programs, 
commissioning hundreds of research projects on NEE 
development, establishment of new engineering 
programs and interdisciplinary courses, strengthening 
university-industry partnerships, accrediting 
engineering programs, and improving both external 
and internal quality assurance mechanisms.  

The College of Information Science and 
Technology at the Beijing Normal University has 
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cooperated with National engineering laboratory for 
cyberlearning and intelligent technology to build the 
program: Master of Software Engineering on 
Cyberlearning, 2017. 

Conclusion 
To address the global problems it is needed a 

world citizenry to have more knowledge about 
science, technology, engineering and mathematics; 
social, behavioural and economic sciences; and the 
humanities. The primary, secondary, and higher 
educational systems today lack the capacity to serve 
the whole populace effectively, not to mention support 
the lifelong learning which is essential for coping with 
our rapidly evolving world. In spite that the 
technologies cannot solve all the world’s educational 
challenges and crises, they has the potential to 
broaden educational opportunities, improve public 
understanding, and strengthen learning in classrooms 
and beyond [10].  

The modes of learning have shifted dramatically 
over the past two decades with changes in the ways 
people access, exchange and interact with 
information. 

The various perspectives on cyberlearning and its 
purpose highlight the need for more information. The 
practitioners need more information about what 
learners know. The product designers need more 
information about how their tools are being used. And 
everybody needs to know more about how these 
carefully designed cyberlearning tools are actually 
being implemented, and their effects on students [24]. 

The future educational systems are expected to 
transform from institutions with a strong emphasis on 
teaching to organizations with an increased emphasis 
on learning. The recognition of multiple pathways for 
acquiring skills will follow. The teachers will design 
challenging learning activities and the students will 
learn anytime or anywhere at a pace comfortable for 
them, using whichever tools they choose [30]. 

The twenty-first century teachers will assess their 
students’ skills and identify and design learning 
activities to help them achieve deeper understanding. 
The ongoing formative assessment is most effective 
for this approach as it allows teachers to adjust their 
strategies within lessons for maximum effectiveness. 

 
This survey article is based on a presentation on 

10th International Seminar on Engineering Education 
and Professional Realization of Young Engineers 
(ISEEPRYE), University "Prof. Dr. Assen Zlatarov" 
Burgas, Bulgaria, 2019, presented by the author [22]. 
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