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Abstract 
 
The study analyzes the disruptive effects the technical innovations have on the social – 
students’ and employers’ – requirements, on the educational environment, on the contents of 
the learning material, on the educational and learning methods, and on the students’ and 
lecturers’ roles by investigating - from a multidisciplinary point of view - the disruptive 
effects the disruptive technologies appearing rapidly from the end of the 20th century have on 
the higher education. 
The theoretical background of the study is based on several pillars: besides overviewing the 
disruptive innovation based on the disruptive technologies, the innovation-spread, the life-
cycle analytic background of the technologies and the acceptance models, generational 
theories and the international educational developments make up the basis of my empiric 
research which is based on international studies on educational development. 
In the scope of our study are the disruptive technologies and the education suiting the digital 
life of the Z and CE generation students, who make up the CogInfoCom society. The CE 
generation unfold their personality and social life in an environment that is inseparable from 
the cognitive ICT, so it is very important to observe their way of thinking and habits because 
we have to teach them the disruptive technologies. 
In the article we show an international questionnaire survey which we carried out concerning 
the time and the applied methods of the introduction of integrating the disruptive technologies 
in the educational material of the higher education of engineering. With a following 
questionnaire survey we searched for reliable information concerning the digital life, the 
internet using and learning habits of the Z generation students studying in the higher 
education of engineering. In accordance with the investigation results we see it is necessary to 
review the educational material contents and the applied educational methods of the higher 
education of engineering, and the wider and wider application of the modern technologies.  
In connection with the integration of the disruptive technologies in the educational material of 
the higher education, the 21st century teachers’ roles, the educational materials and the 
educational scenes are also defined.  
Based on the above-mentioned points, we can say that the cyber-higher educational 
environment feasible by the technological innovations appearing in a rapid pace and the 
methods successfully applicable in the future educational space are in the focus of the article. 
Our aim is to show – through an educational example - the realization of how we can teach 
the future technologies to the future engineers by applying innovative educational methods.  
The cooperative VR learning environment presented in the article, due to its project-based 
educational opportunity, provides an efficient educational scene for the higher education of 
engineering, at the same time it facilitates the education of the disruptive technologies 
appearing in higher and higher number, even right after the appearance of the technology. At 
the same time, it meets the students’ requirements set for the educational environment and it 
also provides a perfect scene for developing the competences determined in the employers’ 
requirements. 
 
Key words: Disruptive technology, VR education 
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Introduction 
 
The results of science, the innovations of technology and the disruptive technologies will 
greatly determine the quality and conditons of people’s life in the following years. More and 
more research deals with predicting the development of informatics and technology following 
the intense advancement of the informatics and knowledge society in the 21st century. The 
intensified development of advancement of science and technology is predicted which can 
already be seen today.  
Today many various technologies parallelly exist and change our society, the new 
generations’ chances and life, the expectations of the labour market, our educational system 
and each area of our life.  
Day after day we experience it that the globalizing economy, the mobility of the workplaces, 
the acceleration of the technical and technological development have put the institutions of 
the higher education in a competitive situation. The service providing role of the higher 
education due to the market-oriented character of the higher education of engineering has 
appeared and become more emphasized. Service towards the students as future employees and 
towards businesses in the market sector as employers. Nowadays it has become inevitable to 
provide new solutions for the new types of market challenges in the global system of 
education, thus in the higher education of engineering, too.  
More and more disruptive technologies appear every year on the Gartner’s Hype Graph, so 
the competitiveness of the higher education of engineering can be maintained if it can provide 
this extra knowledge for students necessary for innovation in this fast changing world. 
Understanding technology is the pledge of becoming a global citizen, a global professional of 
engineering. In the engineering training, the efficient teaching of the disruptive technologies 
bursting into the market requires the application of new ways of pedagogical methods, 
efficient time use, the application of technics and technologies suiting the digital life space of 
the CE generation students studying in the higher education. 
At the same time an increasing number of new scientific fields are appearing and  one of these 
is Cognitive Infocommunication (CogInfoCom) (P. Baranyi és A. Csapo, 2012, P. Baranyi, 
A.Csapo, Gy.Sallai, 2015) which investigates the trends of informatics development and 
directs attention to the importance of the need for access to infocommunication. The internet 
will be the network of people who use them and not the network of computers, and 
telecommunication, informatics and the media will be intertwined. Informatics systems will 
evolve which will realize the communication between the people and the system control 
where the people and the ICT are inseparable. It is especially characteristic of the CE 
generation students who live in this „human computer interaction way of life”, in this human-
ICT combination.  
According to Castells, the informatics society is a new way of human coexistence in which 
the networked production, the storing, the processing and the recalling of the information play 
the most important role (Castells, 1998). The informatics society can be viewed as a new 
society because not only new things appear in it, but also the old ones start to operate 
differently, the same way as the disruptive technologies do for the social (educational), 
economical and technological processes.  
Similarly to the informatics society, the real dimensions of the disruptive technologies can be 
highlighted through education, science, innovation, the (new) economy, content and culture, 
and in our article we want to present the ideas and research results in connection with these. 
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Disruptive innovation 
 

From the end of the 20th century, more and more studies have been dealing with the 
increasing number of disruptive innovations, and within these with the targeted disruptive 
technologies and their effects made on the society.  
Clayton M. Christensen, a professor at the Harvard University created the concept of 
’disruptive’ in 1997 meaning ’creative destruction’ and published it in his book ’The dilemma 
of the inventor’.  An expression used for applying solutions in which the new technologies 
and business models fundamentally transform or replace the existing methods and this way 
they influence the business value of the products and services.  
Innovation is a relatively new concept. Hardly any studies were made about it until the end of 
the 20th century, however the topic has become significant recently. The most commonly 
used definition of the word innovation originates from Schumpeter, that is innovation means 
the new combination of the production factors (Schumpeter, J. A., 1939.). This definition later 
served the basis for OECD where a more comprehensive definition was created for 
innovation.  
According to the definition of the European Union: „Innovation is the process of knowledge 
application, reforming and increasing the products and services and their markets, applying 
new procedures in production, in distribution, in the market labour, in management, in 
organizations and working conditions, the expansion and reform of the professional 
knowledge of the labour force” (EC, 2004.). Innovation, by which we may mean satisfying 
the customers’ demands at a higher and higher level, can mean product development, 
technology development and organization development, can be a continuous development or 
skyrocketed, comprehensive strategic innovation (Chikán, 2004. p. 180-181.). 
The Innovator’s dilemma (Christensen, 1997) refers to the decision between development 
based on the known methods or the paradigm shift. According to Christensen, innovation has 
two forms depending on its circumstances:  

 Sustainable innovation which wants to provide a greater performance to the target-
oriented customers with high demands, usually at a high price. These innovations are 
usually developed by big companies. They have financial, technical and human 
resources for development, for improving the already existing technologies.  

 Disruptive innovation is where creating markets to satisfy new customer demands 
determined by new rules and not creating old markets is happening. Typically the 
start-up businesses have „specialized” for the disruptive innovations.  

 
Disruptive technologies 
 

Radical technical innovation, especially the so-called disruptive technological development 
usually evolves with a longer research. Very often a long time elapses between the birth of the 
theory and its proving and implement. Quite a lot and often costly experiments, test 
productions and testing prove that the technological solution is really possible. And after a 
shorter or longer time the disruptive innovative technologies typically change into a 
sustainable cycle.  
Concerning the objectives of the technological development we can distinguish two groups.  
The first is to maintain sustainable development, that is the better utilization of scarce 
resources such as the alternative energy resources, waste usage, environmentally-friendly 
architectural technologies, or the development of the environmentally-friendly informatics 
devices suiting the criteria system concerning the informatics devices of the EU GPP.  
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In the second group we can find the innovations aiming at improving the quality of life, the 
devices serving speed and parallelism (Duma, Erdős, 2008), such as in transport the driver’s 
navigational, PDA-NDA, robotized systems, nanotechnology, the memristor, the Internet of 
Things and we could still continue the list with the disruptive technologies grounding the 
disruptive innovations.  
It is clearly visible that today these technologies have a mostly digital characteristic and are 
expected to ground the technical cycle change.  
 
The life cycle of the technologies 
 

During studying the diffusion they fundamentally investigate the process when innovation 
spreads in the society in a communicational channel in a given time. The studies of diffusion 
have made it possible to follow the changes caused by the innovations in the society and the 
effects of the social forces on innovation and its spread. Everet M. Rogers and Frank Bass are 
the first representatives of the innovation spread models (Dessewffy - Rét, 2006). According to 
Rogers’ definition, the spread, diffusion of the innovation is the temporal process during 
which a new product becomes gradually accepted in the target market by the potential 
customers and in the entire society (Rogers, 1995). Following their work, numerous 
technological life cycle models try to measure and then demonstrate the evolution of the new 
technologies.  
The diffusion model describes the spread of innovations with a so-called S-shaped curve. The 
S curve shows the frequent spread pattern of the innovations. Initially, the number of users 
increases only in a low pace, then a significant boom comes which is followed by another 
slow-down after reaching the saturation level. In the initial phase of the spread, the so-called 
Innovators (2.5%) start to use the new technology. They are usually more open to innovations, 
and attribute a special value to the innovations. They are followed by the Early Adopters 
(13.5%), then by the Early Majority (34%) whose joining in the process of diffusion suddenly 
increases. As groups of different sizes are concerned, the technological spread is not a linear 
process (Rogers, 1995; Dessewffy-Rét, 2006). The so-called Adoption Curve shows the 
market adoption of the technology in relation to time. The life cycle of the disruptive 
technologies and the disruptive innovations is most typically shown in the Gartner’s Hype 
Graph.  
 

 
Fig.1. Technological life cycles (Source: Gartner Research, May 2003) 

 
On the horizontal axis of the Hype Graph we can find the maturity or development in relation 
to which the curve shows the adoption of the given technology. Gartner’s Hype Graph 
introduces a new dimension in this diffusion model which is different from other life cycles. It 
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does not only show the people’s attitude towards technology but also the technological 
maturity. Technology has a significant impact on business and society which depends on a 
secondary factor, that is how much the technology is preferred and can be used for various 
applications and services. Thus, it is understandable that for the developing companies, for 
other service providing companies it is vital to have prepared engineers concerning 
understanding the more and more numerous disruptive technologies, and measuring their 
feasibility, or even implementing their own developments.  
 

 
Fig.2. The phases of Gartner Hype graph (Source: General hype cycle for technology) 

 
Each disruptive technology goes through a similar cycle. 
The particular disruptive technologies do not move at a constant speed on the Hype Graph. 
The progress of some technologies lasts for decades, for example object orientation which 
was in the scope of the universities and research centres for decades and after a long 
preparation phase the development started.  
In contrast, the so-called „accelerated technologies” find their place in the market in 2-4 
years. Simple usage and high quality, for the businesses and the average users alike, the 
support of some potential producers and the fact that they suit to the recent infrastucture are 
typical features of the accelerated technologies, such as the SMS. The  „Long-fuse” 
technologies are more and more frequently paid attention to. The sci-fi type of characteristics 
of this technology is specific to them because they precede their time.The development is very 
complex and thus it is basically connected to science and technology and highly depend on 
competences. The new infrastructure is accepted after a long progress which is also followed 
by relevant changes in the processes of businesses. 
As the prevailing time of the technologies is not at all uniform, it is justified to integrate them 
in the training material of the future engineers within the shortest possible time after their 
appearance.  
 
The effects of the disruptive technologies on higher education and social processes  
 
The next chapter is about the studies which scrutinize the effects the disruptive technologies 
have on the society, education, and especially on the higher education.  
Academic literature concerning the acceptance of technologies and the spread of innovation 
date back to several decades. Publications dealing with the appearance and the spread of ICT 
devices try to describe the interaction of technology and society with different scientific 
models from which TAM (Technology Acceptance Model) (Davis, 1989, Schepers-Wetzels, 
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2007) has an outstanding role. The aim of the TAM model - which investigates the acceptance 
of new technologies and the effects the digital environment has on the customers and their 
habits - is to forecast the user objectives and the social acceptance of the technologies, and to 
determine the necessary changes for the acceptability of the technology. According to Davis’ 
TAM theory, acceptability is influenced by two factors, utility and simple use, then, if the 
social intention is given for the use, the use of the system actually becomes a part of every day 
life after a short time.  
 

 
 
Fig3. Source: based on Davis (1989) – personal editing 
 
Many of the methods used in the science of future research are suitable to forecast the social 
acceptance of the technologies. The modern participative methods appeared in the future 
research from the middle of the 20th century in many different forms (Glenn, 1994), however 
their use has only become widespread in the last decades (Glenn, 2003).   
The Futures Wheel (Glenn, 1994) is suitable to identify and categorize the secondary and 
even the further effects and consequences of the events.  
The method, as a technique of the systematization of our thoughts and questions concerning 
the future can also be interpreted as a structured brainstorming (Hideg-Nováky, 2012). 
The Futures Wheel can have several objectives, such as considering the possible effects of the 
existing trends, potential future events, and the systematization of thinking about the future 
events and trends, making forecasts, presenting complex interrelations, visualization of 
another kind of future research, elaborating multilateral approaches, strengthening the future-
oriented point of view, supporting the team brainstorming (Glenn 2003).  
During the STEEP - Sociological, Technological, Economic, Ecological or Environmental 
and Political – analysis, they group the effects to be considered, then based on the analysis 
they determine the effects of the innovations.  
According to the professionals dealing with future research, the Futures Wheel can also be 
successfully applied in case of the lack of preliminary future-methodological knowledge, if 
we would like to collect and systematize the effects of an event which has already happened 
or is to be expected to happen. It is one of the popular analyses due to its simplicity and easy 
interpretability. Its main advantage is that it can be applied at any point of the research to 
understand trends and further events. It is easily adaptable to investigate different situations.  
 
Technology-based society 
 
In the 21st century, more and more studies deal with forecasting the occuring informatics and 
technological developments. According to Charlie Gere’s essay about data processing in the 
Digital Culture, the network culture extends the informatics era of the digital data processing. 
In his analysis, he considers the digital change just as much a social economical phenomenon 
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as a technological development. By the 20th century, besides the digital culture the 
development of the network culture has a more and more significant role. Unlike digital 
culture, in the network culture information is not so much the result of the relations between 
the separate processing units, but the result of relations between the humans, the machines, 
and the humans and the machines. The evolutionary Hype curves after 2010 refer to the fact 
that the primary technological components shift towards a dynamic technological integration 
(P. Baranyi, A.Csapo, Gy.Sallai, 2015).  
The increase in the number, the diversity and complexity of the technological devices results 
in the radical subversion of the lifestyle. The complex systems have complex effects which 
launches more and more complex work processes, thus the technological determinism sees 
technology as the main drivivng force of the society.  
Producing immaterial information and transmitting it through the network is becoming more 
and more the dominant organizing principle of the global economy.  
In his work „The Rise of the Network Society” Castells suggests that the result of the series of 
the technical and technological changes is the change of the capital and the change of the 
personal behaviour.  
In accordance with the networking of the society, several international and national 
organizations deal with the functions and the research of the Future Internet, as the Future 
Internet among the infocommunicational technologies as the key technology („Key Enabling 
Technology”) of the 21st century has an effect on the innovation and the efficiency of each 
area.  
The Japanese National Institute of Information and Communications Technology (NICT) 
presented its vision for the New-generation Networks – NWGN in 2008, which aimed to draw 
up research objectives and technological requirements to facilitate the implement of future 
knowledge society. The ITU, the institute of the UN specialized for ICT has made its 
recommendations in the ITU-TY series for the foundation of the standardization of the future 
network. The recommendations of the ITU-T Y.3000 (especially the 3011, 3021, 3031) 
identify objectives which do not receive enough attention during the planning of the present 
networks to realize the Future Internet. 

 
Fig. 4: Future internet vision, based on the NWGN, FN and FIA visions  

(Source: FIRCC Report, 2014) 
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The European Union pays a special attention to the new generation internet research to which 
Hungary also joins with an active participation. In 2011, in Hungary the Future Internet 
National Technological Platform was established and in 2013 for its initiation the Future 
Internet National Research Program was created organized by the Future Internet National 
Research-Coordinational Centre. An extensive interest is shown by the fact that 34 institutions 
joined the programme and 132 research topics were registered by the beginning of 2014.  The 
2014 FIRCC report shows the results of 83 research from the almost complete collection of 
the national internet research where the 3D internet and the cognitive infocommunication, and 
„The future internet social applications” topics have a prominent role as the 21st century is an 
age when the human and the ICT are interwoven.This fusion opens a new age in the digital 
and network life, creates new disruptive technologies, inspires the creation of new scientific 
areas. It makes the generation groups (Baby-boom, X, Y, Z, ) already known in the classical 
generation theories more complete by the appearance and defining the newer so-called CE (P. 
Baranyi, A.Csapo, Gy.Sallai, 2015), and CCE (P. Waldbuesser, L.I.Komlósi, 2015) 
generations suitable for the spirit of the present era.  
 

 
Fig.5.: The CogInfoCom society (Source: personal editing based on P.Baranyi és Á.Csapó) 

 
The skyrocketed acceleration of the technological development and the rise of human average 
age – primarily in the developed countries – result in the fact that even 5 generations totally 
different in technological preparadness, skills and even point of views live together which 
naturally inspires the generation research.  
It can be observed that all over the world the researchers deal more and more with the habits 
and the digital life of the youngsters belonging to the CE, CCE and within that the Z and  
generations. The reason is to be searched, on the one hand in the numbers, on the other hand 
in the lifestyle and habits so significantly different from the earlier generations. As a 
numerical support, I am relying on the different research results as the present Z generation in 
the USA will amount to 40% of the population by 2020, and with the  generation following 
them they mean the larger proportion of the society (15 Mind-Blowing Stats About Generation 
Z - CMO.com). In Australia, by 2025 more than 35% of the employees will belong to the Z 
generation (McCrindle Research) and these figures show a similar proportion in Europe, too.   
The generation which was born between 1995 and 2010 belong to the Z genereation who are 
the students of the present higher education, and are very different from the other age groups. 
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Known as the „digital integrator” generation, they suit their life to the technologies which 
they use. The world they live in has no limits, they can find all the necessary information they 
need with just a click in an „open book” digital environment. They grew up in a modern 
world where they got used to having the access to all innovative technologies and electronic 
and smart media devices where the internet mostly ensures the use of short texts, mainly 
videos and pictures providing information fast, even parallelly and straightforwardly.   „While 
in the life of the earlier generations an easily distinguishable real and online identitiy existed, 
for the youngsters today there is only one identity, that is for them the offline and online 
existence are completely intertwined. For the young generation these two are inseparable, and 
technology is only the tool of expressing the identity” (Ujhelyi, p. 9., 2013).  The members of 
the older generations are surprised and do not understand this new phenomenon and that is 
why there are so many studies carried out in this topic worldwide. The generational 
differences do not only apprear in the family but there is a very serious generation gap even in 
the educational environment. „It also raises the current issue of what skills and abilities are 
needed to be developed for the more efficient knowledge imaging of the new generations and 
what methods can lead to success (Pais, 2013). 
Concerning the habits of the Z generation, the researchers particularly deal with the internet 
using and media using habits, but also their relation and requirements to learning and work 
are in the focus of attention in several international surveys, like the EU Kids online research 
carried out by the European Union in 2011-2012 and the research questionnnaires used by the 
American organization Common Sense.  
 
The effect of technological development on pedagogy 
 
The technological development undoubtedly has an effect on the social processes, on the 
labor market requirements, thus on education. The appearance of the new technologies, the 
more and more widespread use of the internet and its social acceptance have an effect on the 
educational environment and also on the contents of education. Amid the rapid, continuous 
expansion of knowledge a significant change can be seen in education (Brown, 2002¸ Condie 
and Murano, 2007; Gibson, 2002). The cause of the paradigm shift is that the new 
technologies have changed the access to the information, thus that is not closed between the 
walls of the educational institutions. The world is only a few clicks, moves away from the 
students which they can reach with their mobile smart devices regardless of time and space.  
The Schooling for Tomorrow project of the OECD was launched in 1997 at an international 
conference organized in Hiroshima, then the OECD - in cooperation with the Centre for 
Educational Research and Innovation (CERI) - with a wider and wider international 
participation is trying to create a systematized knowledge base and tool park for the decision-
makers in education politics for thinking about the school of the future, for the realization of 
the educational innovations. Pointing out that nowadays the new technological bases facilitate 
new learning forms, expanding the requirements concerning learning itself. The programme 
of the OECD helps building out the decision-making strategy and at the same time it widens 
the chance of comparing the developing trends and experiences with the involvement of 
international expertise not only in space but also in time.  
In 2003 Benő Csapó, one of the Hungarian researchers, wrote in his study that the appearance 
of the ICT technologies strongly influenced the education, as it set new needs for education, 
on the other hand it provided an efficient toolkit system to increase efficiency. Affected by 
these, the learning scenes shifted from the formal education towards informal education.   
At the beginning of the 21st century, the „learning society”, or better known „lifelong 
learning” appears as a political objective worldwide. The lifelong learning is a leading 
principle according to which the educational system has to be transformed so that the 
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necessary learning opportunity could be available for every European citizen at any time of 
their lives  (A Memorandum of Lifelong Learning, 2000; Making a European Area of 
Lifelong Learning a Reality, 2001),  which makes it necessary to rethink the forms and 
dimensions of learning.  
The ISTE (International Society for Technology in Education) has worked out so-called 
standards for the learning and educational processes of the digital age which the competence 
family called NETS (National Educational Technology Standards) contains. Its members: for 
teachers the NETS for Teachers – NETS-T, for students the NETS for Students – NETS-S, for 
informatics teachers the NETS for Computer Science Educators – NETS-CSE, but it also 
contains standards for the administrators NETS for Administrators – NETS-A and for the 
educational assisstants the NETS for Coaches. The ISTE NETS-S specifies the skills which 
are necessary in the global, digital world for efficient learning and productive lifestyle.  
 

 
Fig.6.: Students’ competence system (Source: ISTE NETS-S) 

 
As a result of thinking together about the future of education, many scientific publications 
have been published. As their summary, some cardinal changes will be highlighted which 
have a great significance in the future education. The realization of learning in diverse places 
and time, the need for personalized learning, the students’ chance for free choice becoming 
stronger, the intensification of the short-term, project-based learning views, involvement of 
personal experience facilitated by the modern technologies, the ability of successful learning, 
the change of the pedagogist’s role.  
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From the modern pedagogical methods developed to achieve the above-mentioned goals the 
gamification, the flipped classroom, the mobile learning, the virtual learning environment are 
the „disruptive technologies” – based on informatics development -, of the education today 
whose position, besides many other technologies, in the Hype curve in 2016 are shown in the 
Figure xxx. 

  
Fig.7.: http://hypecycle.umn.edu/ 

 
Among the disruptive technologies of the education today, the Gartner’s Hype curve predicts 
a longer cycle for the different realization of the technical-based learning, such as the Virtual 
environment, the Mobile learning, or the Gamification. Technical Based learning – TBL 
means the electronic technical based learning, including the internet, the intranet, the satellite 
programmes, the audio-videoconferences, the chat rooms, the web contents and the lecturers’ 
CD and DVD applications, but the technical based learning also includes the complete range 
of the learning supported by the ICT devices and the online learning, including the today so 
fashionable expression of e-Learning. The technical based learning facilitates the opportunity 
to access learning regardless of space and time by merging technological innovations 
appearing in higher and higher umber – among them the disruptive technologies -, the 
realization of individual learning progress, thus it gives space to the spread of the disruptive 
innovations.  
While the studies dealing with the educational appearance of the disruptive technologies 
primarily write about educational use of the technologies, as new devices, such as in Clayton 
Cristensen’s book titled „Disrupting Class, How disruptive innovation will change the way 
the world learns” published in 2008, several studies deal with the future of the higher 
education, the education-shaping effects of the modern technologies. One of these is the study 
titled „The future of higher education: How technology will shape learning” published in the 
Economist Intelligence Unit in October 2008, supported by the New Media Consortium which 
presented a global online corporate survey and detailed interview. Of the 289 executives 
responding to the survey, 189 participants came from higher education and 100 came from 
corporate settings. The US accounted for slightly over one-half (154) of all respondents, with 
the remainder distributed through Europe (69), Asia-Pacific (43) and the rest of the world 
(23). Nearly 63% of survey respondents from both the public and the private sectors say that 
the technological innovation will have a major influence on teaching methodologies. 60% of 
the respondents said that the technological changes happening nowadays will change the 
views of the campuses from a one-dimensional, so-called physical concept to a multi-
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dimensional (physical and virtual, - online) concept. Thus, online learning will become 
stronger dominant, more and more universities will react to globalization.  
 

The presentation of the international survey 
I made an international survey based on the questionnaire ’The future of higher education: 
How technology will shape learning’ published in the Economist Intelligence Unit in 2008 
concerning the appearance of the disruptive technologies in the learning material in the higher 
education. 

The objectives of the questionnaire survey:  
 To state whether the disruptive technologies appear in the learning material in the 

higher education and how much after their appearance do the disruptive technologies 
appear in the learning material in the higher education? 

 How much is the introduction of the disruptive technologies accepted among the 
lecturers of the higher education? 

 What educational methods and technologies do the institutions of the higher education 
which already have experience in the field of teaching disruptive technologies 
consider efficient to teach disruptive technology? 

Hypotheses 
 The disruptive technologies do not at all or hardly appear in the learning material in the 

higher education.  
 If a disruptive technology is introduced in the learning material in the higher education, 

then it happens with a significant delay, it happens in the higher education after the 
Peak of Inflated Expectations in the Hype graph, in the Trough of Disillusionment.  

 The methods applied in teaching the disruptive technologies differ from the traditional 
educational methods.  
 

I used the IBM SPSS Statistics 23 programme and the Microsoft Excel 2013 programme for 
the statistical analysis and assessment of the responses.  
 
Presenting the questionnaire 
 
The questions of the questionnaire can be categorized in six clearly separable groups: 
1. Details of the institution in higher education 

1. Basic information concerning the answering colleague (gender, age, experience in 
higher education) 

2. Background information concerning the educational technologies and methods applied 
in the institution of the higher education (with the opportunity of target-oriented 
Yes/No answers)  

3. I requested the answers by applying the 5-scale Likert scale concerning the appearance 
of disruptive technologies in the higher education. 

4. Collecting information concerning the introduction of specific disruptive technologies 
was carried out in the form of graphs where I asked about the educational level 
concerning the introduction, the scenes of education, the applied pedagogical methods 
and the results achieved.  

5. In the multiple-choice questions I tried to find the answer to the advantages and 
challenges of introducing disruptive technologies, and providing the most efficient 
methods.  

In 2015, I sent the representative survey concerning the introduction of disruptive 
technologies in the higher education to 30 universities which have contacts with the Faculty 

42

Australian Journal of Intelligent Information Processing Systems Volume 14, No. 4



of Engineering and Information Technology of the University of Pécs, to international 
institutions of higher education ranging from the USA to Europe and China.  
 
Assessing the questionnaire 
 

They answered 93.5% of the questions. They most often did not respond to the questions 
about the results of the introduction of the disruptive technologies, however in some cases 
they did not determine the disruptive technologies either.   

The respondents’ average age was 46 with a standard deviation of 5.44, the average 
experience they had was 19.5 years with a standard deviation of 6.5 All the responding 
institutes of the higher education who took part in the survey and filled in the questionnaires  
participate in academic research projects. 60% of these involve the business partners in the 
educational programmes mostly with guests lecturers. 80% of them use cooperative learning 
technologies and 90 % of the universities responding help their students by providing their 
own electronic teaching materials. Only 40% use the virtual educational environment.  

The responding universities integrated 2 to 5 of the disruptive technologies in their 
teaching material with an average of 3.4. 70% of the institutes of the higher education 
integrated introducing the disruptive technologies in the learning material in their BSc courses 
and 30% of the universities integrated them in their MSc courses. 
As for the significance of introducing the disruptive technologies in the higher education, the 
respondents’ opinions were asked by using a 5-scale Likert scale which is presented in Figure 
3. 
 

 
Fig.8: Figure prepared by myself 

 
It is clearly seen that the respondents are determined about the significance of integrating new 
technologies in their education, however in terms of the timing of the introduction they have 
different views. Some respondents did not think this question was relevant at all. 
A relevant deviation is clearly visible (p=0.00) at the institutes of the higher education which 
integrated technological innovations in their MSc courses as they all considered the students’ 
participation in innovations fundamentally important. 
The lecturers’ opinion was that introducing disruptive technologies in their teaching materials 
at the universities enhances the students’ problem-solving attitude, their job opportunities and 
their creativity. It also caused that a new way of thinking among lecturers appeared besides 
the positive influence on the students’ preparation. The rate of the responses are presented in 
Figure 4. 
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Fig. 9: Figure prepared by myself 

 
The respondents considered the integration of the disruptive technologies in their education 
and time management while teaching the dinamically changing teaching materials the biggest 
challenges. It is absolutely understandable because learning the new technologies demands to 
have the knowledge which spans through different fields of sciences and it requires occasional 
supplementation so it is really difficult to teach the related knowledge in the traditional 45 and 
90 minute lessons. It is not easy to find the online internet contents particularly in the phase 
immediately after the appearance of the technologies, but with the adoption of the disruptive 
technologies and by publicizing them this problem can be solved. The lecturers who are 
sometimes strained considered continuously updating the learning material another challenge.  
The disruptive technologies they most often introduce are the Big Data (2012, 2013), Cloud 
Computing (2012, 2013, 2013), Private Cloud Computing (2014, 2014), Gamification (2014, 
2015), HTML5 (2013, 2013), Internet of Things (2014, 2014, 2015), 3D printing (2013, 
2014), and Virtualization (2010, 2011). 
The following figure presents the position of the particular technologies in the Hype Graph 
the first time the institutes of the higher education introduced them in their educational 
materials. 
 

 
Fig. 10.:Figure prepared by myself 

 
In the representative questionnaire survey it was shown that the disruptive technologies 
appear in the teaching materials in the higher education with a delay, often at the end of the 
Technology Trigger after the well-distinguishable technological boom on the Hype Graph 
following the Peak of Inflated Expectations, in the Trough of Disillusionment.  
According to David TAM’s theory, the acception of new technologies, the innovative pursuits 
are influenced by two factors. Utility and simple use. All the respondents agreed with the 
usefulness of integrating disruptive technologies in the educational material and besides these 
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the needs coming from the globalizing economy also confirm the agreement with usefulness. 
We can conclude from this that the causes of the late introduction have to be investigated 
from the point of view of the simple use, even if here it is not effectively, clearly about the use 
and distribution of the technological innovation.   
According to our supposition, among the causes of the late introduction are the differences 
between the technologies and technics supporting learning available in the higher education 
and the online learning environment applied in the students’ practices and the difference 
between the digital life of the students and their lecturers present in the higher education of 
engineering.  
To justify the hypothesis, from the research strategies – descriptive, correlation exploring, 
experimental (Falus, 2010) – we applied the descriptive and correlation exploring strategies. 
The realiztation was made by carrying out and assessing the questionnaire compiled to 
investigate the Z generation students’ ICT devices, their internet using, information finding 
and learning habits, and their attitude towards technological innovations and to the 
requirements of the labour market.  
 
The questionnaire survey of the Z generation at the Faculty of Engineering and Information 
Technology at the University of Pécs 
 
To set up my questionnaire, I used the EU Kids online research carried out in 2011-2012 for 
the initiation of the European Union, plus the research questionnaires used by the American 
Common Sense organisation. In the survey carried out in October 2015 with the BSc students 
of Computer Science engineers and electronic engineers studying at the Faculty of 
Engineering and IT, I asked 100 people, aged 18-20 about the trends of science-
communication, their learning habits, about their applied devices and technologies, time use 
and media use, information finding and internet using habits. As an additional methodological 
factor, I carried out a detailed interview questionning among the university lecturers to get to 
know their educational experiences obtained in the circles of the Z generation, the applied 
devices and technologies. Among the lecturers, I carried out a detailed interview concerning 
the data analysis. 
 
The objectives of the questionnaire: 

 To gain relevant information about the digital life of the Z generation, their 
information finding habits, about their attitude to technological innovations and 
research results 

 To reveal the effects of the digital life of the Z generation students – the so-called 
cyber-life- on the abilities 

 To state whether the students belonging to the Z generation studying at the Faculty of 
Engineering and IT create an online learning environment connected to their 
preparation in the higher education individually 

 To claim how much the online educational scenes offered by the university are 
accepted among the students of the institution of the higher education 

 I am trying to find the answer to the question what is the optimal learning environment 
– based on ICT devices and technologies – aimed at the education of the Z generation 
students like 

Hypotheses 
 The ICT devices available for the students are beyond the devices provided by the 

institution of the higher education. 
 The students follow the technical, technological innovations, they require them to be 

integrated in the educational material of the higher education. 
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 The digital life of the students has an influence on the abilities of the students 
(multitasking, abilities for rapid decision-making, highlighting the main points and 
finding the connections) 

 The students’ ability for time management shows a correlation with their other online 
activities.  

 The students create learning teams on their own in connection with their studies, and 
also online learning environment in which they apply the social network and other 
internet services. 

 There is a difference between the digital living space of the Z generation students and 
the ICT-based educational abilities of the higher education. 

  
Presenting the questionnaire 
 
Our questionnaire contains 114 items connected to closed-ended questions and possible 
answers to 4 open-ended questions.  
 
The questions asked in the questionnaire can be categorized in eight well-distinguished 
groups: 
1. The demographic background of the person answering 
2. Their status in the labour market, the question of employment 
3. ICT device and internet accessibility 
4. Questions aiming at being informed and at attitudes 
5. Questions concerning the digital life of the students 
6. Information finding habits and knowledge 
7. Time management and time spent on internet applications 
8. The students’ requirements concerning the educational environment 
 
I do not present the results of all the questions, I only present the fields that are significant 
from the point of view of the topic. 
 
The assessment of the questionnaire:  
For the assessment of the answers and their statistical analysis I used the IBM SPSS Statistics 
23 programme and the Microsoft Excel 2013 programme.  
With a questionnaire survey our intention is to be able to collect correct data in connection 
with the issue without measurement errors. I measured the potential errors, and corrected with 
the specified statistical methods.  
 
Descriptive statistics: 
100 Hungarian citizens between the age of 18 and 20 took part in the research concerning the 
Z genereation’s learning habits, their use of technical and technological devices. 88 of them 
were men and 12 were women. The shift in the rate of the sexes suits to proportion of the 
sexes of the population that participate in the higher education of engineering. The responding 
students study in the day courses. The confidence interval was determined at a reliability 
level:95%, for a population of normal distribution. The faults of the measuring were assessed, 
investigated and corrected by using statistical methods (for example the socially accepted 
aswers, statistical correlation of the yes answering attitude). 
Demographic background: 5% of the respondents come from the capital. This low proportion 
is due to the „drain” power of the capital in terms of the applications to the institutions of 
higher education. Most of the applicants are less well-off and come from the Central and 
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South-Transdanubian regions. The following figure presents the rate of students taking part in 
the survey concerning their permanent place of living.  
 

 
Fig.11. Figure prepared by myself 

 
Most students live in dormitories, and 27% live with the parents, while 23% share a flat they 
rent and  5% live in their own household while doing their studies. 
As for their labour market status and employment: 
83%, a quite high rate of the respondents work besides doing their studies in the day courses, 
and 44 do professional jobs. In the dual training, 16 work with a students’ working contract in 
their own profession, and 10 work in the trainee programmes, 18 do a temporary job in  
professional fields. 
 
ICT devices and their use 
Concerning the ICT devices students were asked if they have a desktop PC, a laptop, a tablet, 
an E-book reader, MP3/MP4 player, DVD/Bluray player or a smart phone. The students’ 
informatics device supply can be claimed very good, and although they have financial 
difficulties they are willing to spend large amounts on modern ICT devices. The high number 
of these devices can be explained not only with the fact that they are members of a generation 
which is characterized by „device dependence” but also with their professional interests. 
 

 
Fig.12. Figure prepared by myself 

 
The research results clearly show that the students of the Faculty of Engineering and 
Information Technology at the University of Pécs primarily used the smart phones, however 
the MP3, MP4, DVD and Bluray players have been effaced. 
The responding students have been using mobile phones since the age of 8-10, smart phones 
since their appearance and computers for 14 years on average.  
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Being informed, attitude 
 
A 5-scale Likert-scale, which was named after Rensis Liker who first applied it, was used to 
rate how the students were informed. It was created with the aim of investigating the attitudes 
in connection with a concept or a person’s particular activity. Concerning its structure, two 
extremes are designated at the two ends of the attitude scale that instantiate the total 
opposition (minimunm value) and the total agreement (maximum value) determined 
concerning the statements in the questionnaire. In the middle of the scale (the median value) 
the neutral feelings are shown. In our case we used a 5-scaled scale where scale 1 means 
opposition stating „not at all”, scale 5 means agreement stating „completely”. 
 
Concerning the technological innovations: 
How much do you feel you are informed about technical, technological innovations? 
 

 
Fig.13. Figure prepared by myself 

 
It is clear that students have an interest in technological innovations. No one student said that 
they never get informed about the technological innovations daily and 78% of the respondents 
check on the technical and technological innovations weekly. 90% of the respondents claimed 
that the main scene where they find information is the internet.  
87% of the respondents say that the technical and technological innovations should be 
integrated in the teaching materials of the higher education as soon as possible after they 
appear. 
 
Internet using habits 
In connection with the internet using habits, the aim of the first question was to find out  about 
the scenes of internet use. 100 % of the students said that they have internet access at home, 
and they also have broadband internet access in the dormitories.In addition, 86% of the 
students subscribe to mobile internet, and concerning the question of „where do you use the 
internet” they responded „everywhere”. The rest of the respondents, 14% said that they use 
the internet at home, in the dormitory and also at the university. They actively use the internet 
5-7 hours a day saying „because I do not have more time for it”. 
As for being informed about the ethical and legal questions, the average score is 3.3 with a 
deviation of 0.6. 
Multitasking is obviously typical in terms of active activities as the figure below shows that 
the students spend 100% of their time with dealing with several activities at the same time.  
Concerning the respondents’ other abilities, the score was an average of 4.2 points for „I can 
make decisions quickly”. In connection with the question „I found the significant facts from 
the information available” the score was 4.3, and they had a positive assessment for their 
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abilites in terms of the question „I can easily find the correlation between the information 
gained from different places” giving it a score of 4.5. 
- How many people do you keep in touch personally on a daily basis? Average: 15. 
- How many people do you keep in touch online on a daily basis? Average: 37. 
 
Time management 
We tried to find the answer to what connection there is between the frequency of doing 
different learning, or freetime or entertainment online activities and their time schedule, the 
ability for time management.  
According to the results of the correlational connectional tests, time management shows a 
positive significant correlation (r = 0.15-r = 0.632; p < 0.01 - p < 0.05), that is between the 
online learning activities (49-55;58;75. items) and the efficient time management (53, 57, 62, 
69, 73, 106. items), at the same time, a negative significant correlation can be shown in case 
of students giving high scores for watching a video on video-sharing portals and time  
management (r = -0.24; p < 0.01).   
 
Assessment of science 
Concerning the recent results in science there is a clear interest. 87% of the respondents have 
an interest in scientific and technical innovations, and explorations, too. Scientific innovations 
seem to be welcome in the social media and online publications are considered more useful 
than those in the printed press and journals. 19% of the people asked read scientific journals 
on a regular basis. 17% would also work as researchers. As being students at the Faculty of 
Engineering and Information Technology, the respondents have a major interest in 
informatics firstly and in engineering and innovation secondly. 
 
Learning environment, learning techniques, technologies 
The students enjoy cooperating and preparing together and prefer collaborative work on 
online spaces. Common studying motivates them and they willingly spend more time on 
preparation and preparing with other students than the time they would need indvidually to 
achieve success. 100% of the respondents said that they create online social learning spaces 
for working together. In terms of studying in teams, they claimed several advantages, for 
example sharing the tasks, time management, and deepening the knowledge after elaborating 
the parts of the processes on their own, and the motivation which the success they achieved 
together gave them. In their opinion when studying in teams the participants are all forced to 
actively deal with the task, and far fewer external disturbing factors appear. According to the 
respondents, the most popular internet applications that they apply when writing tests and 
preparing for the exams are the following.  
They use the Skype and the TeamSpesk3 which are applied for communicating with each 
other, also the Facebook to work and keep in touch in a closed community. They also use 
TeamViewer for sharing the screen with the great advantage of preparing graphs and making 
explanations, and apply Google Drive to share the contents and to edit the common 
documents and tables. The Google applications, with a score of 4.4 on the 5-scaled Likert-
scale proved particularly popular among the students.  
Based on the responses, it is clear that the students do not use the application that the 
universities provide them for common work, for example Coospace and the Neptun, or if they 
do even then only for a limited time and only when they need to.  
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Detailed interview questionning among the university lecturers  
 
During the detailed interview made with the lecturers I asked the colleagues teaching the Z 
generation students about the ICT facilites, their internet and device using habits and about 
their educational applications. The chosen colleagues who teach the Computer Science 
engineer and the electric engineer students belong to different generations. 3 out of 10 
colleagues belong to the „Baby-boom” generation (1946-1964), 4 people are the members of 
the X generation (1965-1979) and 3 people belong to the Y generation (1980-1995). Due to 
the salaries – not considering them competitive - the characteristics of the higher education of 
engineering, this age scale is characteristic of the board of lecturers at the University of Pécs 
at the Faculty of Engineering and Information Technology.  
 
Presenting the results of the interview  
 
The colleagues belonging to the Baby-boom generation have been working in the higher 
education for more than 40 years. They have desktops both at the workplace and at home, but 
they do not have their own laptops or tablets. All three of them use smart phones, none of 
them use MP3/MP4 or DVD/Bluray players.  
2 of them have been using a computer for 25-35 years, and smart phones for about 3 years. 
From the functions of the phones they primarily use the phoning, the text messaging and 
receiving emails. 
On average they spend 1-2 hours on using the internet, mainly emailing, reading the news, 
searching for information, and about 15-20% of their time is used up by social applications. 
They are the members of some social network applications, mainly Facebook, but only to 
private connections. They do not like using the applications in multitasking forms. 
During their work as lecturers, they use presentations and videos to support teaching the 
material more efficiently. Only one colleague approves of the cooperative work and even he 
rarely uses it explaining it with the difficulty to assess the students’ performance. They all 
disapprove of the students using their own ICT devices during the classes saying that they 
disturb the class with these and that these distract their attention from work.  
They spend 4-5 hours at their workplace on average. This is justified by a lower number of 
compulsory lessons. They rarely deal with talent care. 
The colleagues belonging to the X generation did not start to work in the higher education. 
Some started their career in the industry, some in the state education. Their experience in the 
higher education is 20 years on average. They are characterized by being equipped much 
better with ICT devices. They have desktops at the workplace, they all work with laptops and 
2 people use tablets for their work. 3 lecturers have MP3/MP4 players, 1 of them has 
DVD/Bluray player. 
They have been using computers for 25 years, so from an earlier period of their lives than the 
„Baby-boom” generation colleagues. They use the functions of the smart phones, and they 
willingly download other applications. Managing multitasking applications is accepted by 
them. 
During their work as lecturers, besides presentations, they like experimenting with integrating 
internet applications in the education. They rarely make a facebook group for teaching a 
specific subject. Their opinions vary about applying cooperative form of work. 2 people 
disapproves of it – with an explanation that „it requires too much time and energy”, and 2 of 
them try to use these in their work. As for the virtual educational environment, the situation is 
even worse. Only one person said that he has ever used such a solution in education. They 
disapproved of the students’ use their own ICT devices 3-1. Also because of disturbing the 
flow of work in class. 
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The average time spent at the workplace is 7-8 hours a day. As for the talent care, they deal 
with one student a year. 
The ICT device facilites of the lecturers belonging to the Y generation is the best compared to 
their older colleagues, as expected. Although they only have a desktop PC at their workplace, 
they are willing to spend more time at the workplace because of research work demanding 
more informatics. They all have all the other devices mentioned. 
They willingly make their teaching work more colourful with the opportunities provided by 
the internet, often searching for and showing videos from youtube in connection with their 
topics, they know and apply the google services, the new presentation programmes, they 
choose from them practically as for the application. They willingly use modelling and 
simulating softwares for education. They do not disapprove of cooperative work, but do not 
use them in the daily lives either. However, they are interested in the VR environment, 
although as they admit, they hardly ever use them in education. 
They approve of students use their own devices, but they do not prefer using the smart phones 
in class. 
They spend 7-8 hours at their workplace on average. 
 
Summarization of the Z generation survey: 
 
 Preferred by the students Preferred/expected by the lecturers 

Information 

Image, sound video Text information 
Fast, straightforward information 
finding 

Gradual, limited number of „step-by-
step” information transfer 

Relevant, promptly usable 
information 

Information suitable for the curricular 
directives 

Information helps learning and is 
entertaining at the same time 

Standardized information helping the 
education 

Random multidisciplinary 
information „accessible through 
hyperlinks” 

Linear, logically constructed 
professional information 

Working style 

When „we feel like it”, not time-
bound working 

Keeping the frames of the timetable  

Often „Just in time” performance Preparation is pre-planned, ready for 
any eventuality, keeping the 
requirements in mind 

Team work, cooperative activity Well distinguishable individual 
performance 

Real time online communication Physical presence in class 

Assessment 
Prompt confirmation, stepping 
further 

Deferred assessment 

ICT device, 
software 

Smart phone, tablet Devices recommended by the lecturer 
Use of social media Use of software strictly connected to 

the educational material  
Table 1. Prepared by myself 

 
The Z generation students and the lecturers teaching them are significantly different 
concerning their ICT device supply, their habits in terms of using the internet and their digital 
life. As for the use of smart phones, it is the primary device for the students while their 
lecturers do not approve of them being used in the lessons. The students use the internet 
applications to which only their peers in the same social group have access as the common 
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scene for studying. It provides the opportunity of real-time communication and with that they 
can also keep the written comments and the explanations. For a better understanding, their 
useful devices are also available with which they can edit drawings and make demonstrations 
for example by graphs, and with some applications they can also share the screen. The 
students create their  VR learning environment, although the lecturers rarely know and apply 
these applications in their teaching.  
The Z generation students apply the ICT devices more confidently than their lecturers who are 
members the other generations. Their cyber-space life integrated in the ICT has a developing 
effect on the students’ practical information finding and processing abilities. They often hear 
about the technical innovations earlier than the lecturers teaching them.  
According to the results of the above-mentioned surveys, we decided to create an ideal 
educational environment which suits both the employers’ and the students’ requirements. 
We found the realization of these requirements in the creation of a virtual 3D educational 
environment which I will present below.  
Today the new technologies facilitate new ways of learning widening our attitude towards 
learning. According to the connectivist learning theory, „learning is a process where the 
information exchange, which is informal, networked and supported by the electronic devices, 
has an increasing role.  
In the VR space the the educational technological and educational methodological conditions 
are perfectly suitable for arranging courses with the connectivist learning approach, but to 
increase the efficiency of learning we extended these with more elements.  
 
The advantages of the created Cyber-learning system 
 
We applied the 3D visualization in the VR learning environment created in the VirCA -an 
alternative of MaxWhere - platform developed by the MTA SZTAKI which suits to the 
natural cognitive processes of the human brain better. The 3D visualization also suits to the 
preferred scened of the students’ digital life, thus it ensures a suitable comfortable feeling for 
work, at the same time helping to forget about the working and learning features of the 
activity done here. By merging the cooperation resulting from team work, the project method, 
the investigating and exploring methods and Gamification we further enhance the students’ 
motivation. We exploit the opportunity of working together and learning from each other with 
cooperation, merging theoretical knowledge and practical application with projects, 
developing the competences essential for the process of gaining knowledge and the practice of 
setting, proving and disproving the hypotheses with exploring methods, and making learning 
an experience with gamification.  The „Cone of Learnig” based on experiences and created by 
Edgar Dale, the renowned pedagogist, infers that depending on the type of activity, the 
retention levels of information will increase or decrease. As seen, Active Learning stimulates 
higher cognitive processes. 
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Fig.14: Retrieved 7/5/2014 from: http://unilrn.com/learning-vs-education/ 

 
The Cyber Learning solution enforces the activities shown in Edgar Dale’s cone of learning in 
the most optimal way. As another advantage, we must highlight that the previously made e-
learning materials can be used smoothly in the VirCA - an alternative of MaxWhere - 
environment, the opportunities provided by the google applications (Google Drive, Google 
Calendar, Translator, News etc.) can easily be integrated in the system, so there is no need to 
design one’s own website to share the self-developed contents needed for the education. The 
applications embedded in the cloud, such as chat, video etc. ensure the opportunity for 
continuous contact and real time communication in the virtual space.  
 
VirCA – Virtual Collaboration Arena 
 
The Computing and Automation Research Institute  (SZTAKI), of the Hungarian Academy of 
Science (MTA), the Széchenyi István University and the Technical University of Budapest 
commonly created the VirCA - an alternative of MaxWhere - platform with the help of 
national and international projects. The platform first appeared internationally with grandious 
VR abilities for which they received the special prize (EU-FET’11 Award Cross Exhibit) in 
2010 at the IROS conference and exhibition in Thaiwan, and in 2013 it also won the TUV 
Rheiland innovation prize. The advantage of VirCA is that it is a platform able to visualize 
many different VR and AR projects which is also capable of 3D visualization, thus can be 
fully applied for training the future engineers. To use it, there is no need for special 
visualizing devices, it can be run and enjoyed on a PC with a suitable  resource and on laptop, 
so it does not mean an extra investment for the students.  
 
Creating the VR learning environment for teaching the memristor 
 
As a pilot programme, we created a VirCa cooperative learning environment to teach the 
memristor, as a disruptive technology, to the students at the Faculty of Engineering and 
Information Technology of the University of Pécs. We created a learning team of six people 
in which three IT engineer and three electrical engineer students took part. We chose students 
from two different courses because of the topic, the memristor – a new circuit element. Its 
application in informatics can be expected. We primarily wanted to achieve – by integrating 
the applications which are suitable for the CE generation’s digital life in their learning space – 
that the students could work without leaving the learning environment, but meanwhile they 
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could also use the social media applications, apply search engines, were able to watch videos 
and to communicate and make the solutions concerning their task. According to our 
suppositions, with the fact that they can access everything in an environment which they 
know and prefer, the boundaries between learning, carrying out tasks and leisure time 
activities are eliminated, so the students are willing to spend a significantly more amount of 
time and energy on doing their projects. To enhance the effect, we have exchanged the 
teacher’s role for a coach role suiting the coaching technique applied successfully in the 
company trainings in the market sector.    
The steps to create the course became significantly simpler provided by the opportunities of 
the VirCA platform, as we could experience it in the case of the „classical” connectivist 
courses.  
 
The steps of the course titled „Teaching the memristor in VR space”: 
1. Creating the name and goal of the course  
2. Assembling the theme  
3. Assembling the „recommendation” (related electronic materials, presentations, videos, 

learning materials, URL addresses) which continuously expanded, dynamically 
„developed” with the help of students compared to the starting point  

4. Defining the tasks  
5. Assembling the questions for the specific tasks according to the coaching technique  
6. Contents management 
7. Assembling the elements of the Cooperative VR learning environment suiting to the topic 
 
We created a futuristic „capsule” as the scene for the research work distant from everything 
and when the students enter this they can notice at once that with the internet support the 
digital world opens up its endless opportunities to them. Information – connected to the topic 
in the focus of the education – arrives on loads of channels, parallel to each other so ensuring 
to satisfy the CE generation’s hunger for information and to maintain the continuous interest.   
When we equipped the virtual space we had to care about choosing the suitable equipments 
and applications which provide the greatest cooperation opportunities. The students were able 
to move in the room freely and were allowed to see each other’s work, could communicate 
without limitations with the other students and their lecturer who helped them as a coach. 
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Fig 15. Figure prepared by myself 

 
We put a surface which we called a huge „notice board” or „presentation space” in the centre 
of the round room which they could use to present the information that they wanted to share, 
revise or prepare with the members of their team in their brainstormings. As Figure 3. shows 
5-5 freely changeable surfaces are provided on each side of the board. Here they can actually 
put any kind of contents, e.g. videos, presentations, plans, publications, even questions which 
help to carry out the project successfully.  
We put a virtual presentation space which was made of four units on the two sides of the 
board in the opposite part of the room. On each side, one of them was uploaded for the IT 
engineer students and the other for the electrical engineer students with the initial information 
of a lecture presentation material, an awarness-raising motivating professional video, a chat 
board and a surface for browsing.  
 

Fig.16, Figure prepared by myself  
Fig.17. Figure prepared by myself 
 
Figure x. shows a part of the initial surface created for the IT engineer students in the middle 
of which there is the lively presentation of the HP „The Machine” project awatiting the 
students (the fourth screen missing from the picture includes the professional presentation.) In 
Figure y., on the surface of the electrical engineers Leon Chua, the inventor of the memristor 
talks about what the first thought was to make him think that the fourth basic circuit element 
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should also exist. With showing the HP film and Leon Chua’s presentation we had the aim of 
making the students meet the technological innovations concerning their professions in the 
original environment first, and at the same time to increase its  awarness-raising effect. (The 
notice surface helping the students’ common thinking is missing from this figure.) 
Both of the teams could alter these contents occasionally as they carried on with their own 
projects.  We can say that with a range of the cooperative and collaborative activities the 
professional teams created the materials prepared for the „notice board”.  
Both teams were given 2-2 working desks where – besides the online spaces - a clock was 
also placed for being able to keep the deadlines which had been set for them earlier, and a 
calculator was also available for them to use it for the calculations. 
 

 
Fig.18. Figure prepared by myself 

 
In a room equipped this way, all the students had the chance to create their working 
environment according to the task which they shared. The main rule was that 1-1 student in 
every team in each project worked at the working desks where they had all the equipments 
seen above available. The most common contents that supported the students were the 
Facebook, the chat, the corresponding programmes, a browsing surface and a professional 
programme surface which was accessible online, so they did not need to waste time when 
they were choosing these applications. The third member of the team who was also usually 
the project leader coordinated the 4-unit presentation space mentioned above. 
In this virtual space the element of the psychologically motivated learning definitions so 
correct in the every days of the pedagogy was created, according to which learning is not only 
finding information, but also forming the attitude, as the students learnt in the VR space how 
to behave during a project. What factors they should consider in distributing the roles, how 
they should behave in the roles given to them. To take responsibility for their work, to learn 
the importance of managing time, keeping the deadlines, to learn the competences and skills 
needed during the team work, to focus primarily on the goal to be achieved. They also 
successfully developed their presentational skills demanded by their future employers, their 
communicational skills developed through presenting and defending their professional 
viewpoint. They experienced the need for professional English knowledge which lead to 
developing the competences of the professional foreign language.  
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Presenting the applied educational method 
 
The 3D VR space itself has a remarkable motivating effect on the students and this effect is 
further enhanced by the application of the edu-coach method which I had already tried in the 
traditional learning environment in the higher education of engineering, which includes 
cooperativity, the project method, the investigating and exploring method and the 
Gamification method supplelmented these with the techniques applied in coaching. I think it 
is important to present the main aspects of the application of the edu-coach method in the VR 
space because in my view it helps to understand why not to worry about the students not 
carrying out the tasks they undertook.  

1. At the first meeting, as the „amazement” at the VR space greatly helped the intention 
to participate in the educational project, creating the goal of the course is done 
commonly in the planning stage. The main question is what is the desired knowledge 
in the future which we want to have at the end of the project? This, in our case, was to 
explore and find out the new fields of application of the memristor. The goal in itself 
included the „excitement of playing” activated by the creative, innovative attitude.  
According to the students’ accounts it was remarkably inspiring for them to try 
„whether I am able to create something new, a tecnically grounded device, 
development?” 
A significant element of the planning stage is to define the time of the meetings when 
every participant checks in at the same time in the virtual space and participates in the 
work. Planning, time management and concentrating on the task require the creation of 
this foreseeable system. These meeting times usually coincide with the closing time of 
a sub-project.  

2. Edu-coaching ensures a theoretical frame for the students to have an opportunity to 
invent and develop new solutions and as a result of this they could consider the 
achieved success as their own. This theoretical frame in practice means that the initial 
information has to be assembled after proper consideration, and a too extended task 
should not be set at a time. Between the present and set system of knowledge there is a 
contradiction in most cases. During this process we create hypotheses continuously 
and then we check them. The final goal is to be able to place a given problem in the 
framework of a greater, more general system of concepts so that, by this, these could 
also be managed securely in new situations. Overviewing the background information 
should be smartly done in a way that the students themselves would realize which of 
their knowledge earlier gained they could rely on and what they should overview for 
stepping further.  

3. Creating the students’ self-assessment system is also a significant element which is 
done at every meeting because this helps to maintain the feeling of commitment and 
greatly contributes to establish responsibility and goal-oriented work. It is usually a 
frequent question: „On a scale of 10 where 10 point means the maximum completion 
of the task, where would you assess your present state in the working process?” What 
should be done to achieve a value of one score higher?” Thus, the students themselves 
define the next short-term goal to the question being asked. As long as the student 
cannot say what the next expedient step should be then the members of the team 
commonly plan the process of stepping further. 

4. In the reflection and problem-solving stage which accompanies the learning process, 
we must concentrate on the solution and the way which leads to the solution and not 
on the problems, thus if the students get stuck with their task then we are not seeking 
the cause of the problem with targetted questions (for an experienced lecturer it is 
well-known for the teacher), but we are trying to find the answer to how we can help 
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in stepping further so that the students themselves could solve it. These „clarifying” 
discussions can be done in private talks or in groups.  

5. Following the rules of project management naturally the closing of the work cannot be 
ommitted. It is now that it is discussed how the goal has been achieved, what worked, 
what did not work, what experiences can be carried on and what conclusions can be 
drawn from the process done. Last but not least, the common joy of successful work 
positively confirms the joint work in the future projects.  

 
Conclusion: 
 
The 3D VR learning environment stimulated the students’ learning by being suited to the CE 
generation students’ digital life.  They said that they had enjoyed working together, the 
challenges and that they would go on with their studies in several topics in a similar 3D VR 
environment.  
In the environment which was made suitable for the cooperative work, they could watch not 
only their own work but also their peers’ work and performance which had an encouraging 
effect on completing the good quality tasks by the deadlines.  
The students suggested new and creative solutions for applying the memristor, for example as 
a solution for over voltage or flash protection. Obviously it is time-consuming and also tiring 
for the lecturers to prepare the work and accompany the tasks, however the professional 
success can compensate them for these.  
The cooperative VR learning environment with the advantages of the 3D visualization created 
by the VirCA platform is completely suitable for training the future engineers. Because of its 
project-based educational opportunity it ensures an efficient educational scene for the higher 
education of engineering where the 3D planning and manipulation are part of the every day 
work.  
With the education done in the presented 3D VR environment we can meet the employers’ 
requirements, that is besides the professional preparation they draw up a strong need for the 
development of the so-called soft skills, such as creative thinking, critical thinking, problem-
solving, innovative thinking, doing project work, cooperative work, development of the 
communicational and presentational skills, foreign language knowledge.   
At the same time the VR space facilitates the education of the disruptive technologies- which 
appear more and more extensively – even immediately after their appearance and this way 
help the training of creative and innovative engineers.  
In conclusion, we can say that after the cautious preparational work (questionnaire surveys 
and their assessment) and the comprehensive planning we closed a successful project with the 
integration of the 3D VR learning environment - which we created - in the higher education of 
engineering.  
Among our further plans we have the creation of a virtual laboratory environment which 
facilitates the preliminary preparation for the laboratory measurement practices necessary for 
the engineering profession and then the compliling of the protocols based on the measuring 
results.  
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