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THE EDU-COACHING METHOD IN THE SERVICE OF EFFICIENT TEACHING OF DISRUPTIVE TECHNOLOGIES
Disruptive technologies in the learning material 
It is a priority to provide the integration of disruptive technologies in the learning material of higher education for engineering as soon as possible after the appearance of the technology.

Cognitive infocommunication (CogInfoCom) is an interdisciplinary field of science investigating the connection points between cognitive sciences and infocommunication, and an interdisciplinary discipline investigating the engineering applications developed as the synergy of these disciplines. A cognitive infocommunication network ideally manages data and their interpretation jointly. By the end of the 20th century, scientific results highlighted the convergence of cognitive sciences and infocommunication and its increased role in our everyday life.  A significant challenge in CogInfoCom is how it can be achieved to provide a solution for the users which makes it possible to carry out everyday tasks intuitively with minimum cognitive burden.
As a pedagogical aspect of the science of CogInfoCom (P. Baranyi, 2012), it is investigated which methods suit the assumptions specified in the education of disruptive technologies in the future educational practice. This article provides information about the edu-coaching method I developed and applied in the higher education for engineering which connects teaching and developing methods applied in the educational and market environment.
The theoretical basis deriving from the pedagogical, didactical academic literature was supplemented with the experiences of the OECD Schooling for Tomorrow project and the standards specified by the international organization ISTE (INTERNATIONAL SOCIETY FOR TECHNOLOGY IN EDUCATION) to develop the method. The edu-coaching method presented in this article is based on the short, solution-centered coaching technique, supplemented with the peculiarities of the higher education system, the science of engineering and modern educational techniques.

The essence of the method is provided by the educational framework based on targeted questions with which students independent thinking is actuated. Inventing a solution for the raised problem keeps students thinking and creativity in an active state during the learning process. The work hypotheses of the edu-coaching method based on questions and the actual steps and tasks are demonstrated. Besides structural and content transformations, it is necessary to create a new pedagogical culture which adapt to the changed social and student needs and demands, reacts flexibly to the expectations of the market and the needs of job trainings and which applies the latest informatics and communicational techniques, particularly concerning the characteristics of cognitive levels drawn up in the Bloom taxonomy and the CE generation students behaviour. 

Introduction


In the 21st century, an increasing number of studies are concerned with forecasting the informatics and technological development created by the dynamic evolution of the information and knowledge society, which forecasts the acceleration of the scientific and technological progress.

In the globalizing economy, governmental leaders, market actors and employers hungry for innovation - to enhance efficiency and productivity - increasingly require a global integration of technological innovations in the educational material, and the training of innovative, creative, problem-solving production and developing engineers. There is a growing demand for shaping high quality higher education, and in accordance with this, for supervising learning material contents and applied methods in the higher education for engineering, for a much wider application of up-to-date technologies and for joining in the scientific developments more dynamically.

It has become inevitable to create new solutions to the new market challenges in the field of the higher education for engineering. More and more disruptive technologies appear every year on the Gartner’s Hype Curve, so the competitiveness of the higher education for engineering can be maintained if it can provide this extra knowledge for students necessary for innovation in this fast changing world. As long as new technologies are considered cognitive and/or metacognitive tools, it can be stated that they strongly support the learning process.

Blooms taxonomy

The earlier learning theoretical approaches give the basis of the model defined as the digital taxonomy of learning whose starting point is Benjamin Blooms 1956 model. Blooms taxonomy ranks the developmental levels of knowledge in three categories. These are the cognitive-intellectual, the affective-emotional, or volitional and the psychomotormotional areas. From the methodological developmental perspective of the online learning, mobile-learning which increasingly spread due to the technological boom, the cognitive model is relevant.
CHALLENGES RELATED TO THE INTEGRATION OF DISRUPTIVE TECHNOLOGIES IN THE EDUCATIONAL MATERIAL
It can observed that the early introduction of disruptive technologies launches an information hunger in the system of the higher education for engineering. If the education of the new technology is started soon after its appearance it is clearly seen that the learning material presenting the techniques, its features, characteristics and feasibility are not available yet. Internet gives the practical scene for following research results, publications appearing in several scientific fields, for having access to the up-to-date information, which will also become a new learning environment approximating to the digital life of students - for the CE generation students.  (Csapo., 2010)
The above statement is justified as the following: the great amount of multidisciplinary learning material and the internet-related learning environment demand the approximation of the digital life of lecturers to the digital living space to which the CE generation is accustomed to. On the other hand, the extensive amount of knowledge material demands the existence, development of the hyper attention specific to the CE generation which is highly useful in case of the dominance of a multiple information stream in situations demanding rapid reactions, which at the same time facilitates efficient time management. In the light of the above it is clear that the learning by doing pedagogical method should be chosen for the efficient education of disruptive technologies.

Overview of the learning by doing pedagogical methods for teaching disruptive technologies

Investigating the present practice of the higher education it can be stated that the educational methodology, the pedagogical views currently being applied and the specific student motivation, attitude and thinking patterns only incidentally ensure the training of engineers with innovative views. The greatest changing effect is in the educational methodology and in the pedagogical practice applying it because the appearance of disruptive technologies - still being formed in the education – stimulate to acclimatize a motivating method or methods in the higher education of engineering making CE generation students more involved and requiring a much more active research and development activity from students. Teaching disruptive technologies soon after their appearance obviously differ in several aspects from the routines of the traditional educational frames already when choosing the method in respect of the innovative contents of the education, of the multidisciplinary educational material spanning through several subjects, of the change in the roles of lecturers and the students or of expanding the educational opportunities to a 3 dimensional VR space, which facilitates the expansion of the boundaries of the education technological opportunities. Choosing the appropriate method is not a simple task even for the experienced teachers when teaching traditional educational materials. It is important for the lecturer to know the complete scale of the applicable methods and to choose the most effective to teach the given learning material. 
Naturally the combined application of several methods during the education is expedient. The tools to choose the optimal method group and to elaborate the edu-coaching method were the learning, teaching and training methods applied in the educational and market environment from which the ones that consider the aspects specified by the Futures Wheel method suitable for the integration of disruptive technologies in the educational material of higher education were selected.
First the relevant educational methods were surveyed which were created as a result of the international and domestic research of the 21st century, especially the learning by doing learning-centered methods brought to the fore by education history, particularly the constructivist pedagogy. It is investigated which methods suit the assumptions specified in the education of the disruptive technologies in the future educational practice. Following that, the edu-coaching method applied in the higher education for engineering which connects the teaching and developing methods applied in the educational and market environment is demonstrated.   


The constructivist pedagogical method was especially highlighted from the pedagogical trends because according to the constructivist pedagogical approach the aim of teaching is not simply knowledge transfer but ensuring the conditions for creating students knowledge through personal constructions (Nahalka I. 1998). During the education of natural sciences and engineering, knowledge must be incorporated in the base of critical thinking by the student being motivated in applying this knowledge. 
I followed the deductive way as a learning approach when elaborating the edu-coaching method because the recognition of new

 technologies derives from the students’ existing knowledge, and then with the help of generalizations and abstractions new, innovative solutions are created by the emergence of more and more complex knowledge systems. The common feature of the learning by doing methodological trends is that the emphasis is put on facilitating self-reflection expanding to the students activity, independent thinking and each element of the activity, and the learning process is based on the students motivational state besides the internalization of the experiences gained in reality. 
A knowledge building suiting students’ character and knowledge level is intended in which the student is an active participant: looking for answers and solutions to a specific situation and phenomenon. This solution suits the pedagogical methods well applicable in teaching disruptive technologies. At the same time, atypical learning methods gain more and more ground mainly in terms of the requirements of lifelong learning and to increase adults’ learning efficiency following the reform pedagogical endeavours in modern educational practices. 
We must also consider the opportunities lying in atypical learning methods when creating the educational method of disruptive technologies because getting to know new techniques, technologies extends beyond the frames of formal education. 
Atypical learning

Atypical learning is a form of lifelong learning which aims at developing key competences necessary in the informatics society. The opportunity for adults learning besides working does not necessarily facilitate their participation in formal education. Beyond the learning forms besides formal education, - informal learning, atypical learning includes all the methods which have an effect on the individuals’ intellectual and physical development by cognitive recognition. During teaching and learning disruptive technologies, both formal and informal learning have a role in the process of information finding, filtering, processing and producing new information. The working forms of atypical teaching-learning are group and team work, peer learning, or cooperative working form where the individual working forms can be experimental learning, individual learning, practical learning, self-experienced, external learning, open learning, distance learning, media learning, flexible learning, digital learning, e-learning, blended learning, alternative education, or coaching widespread in sport and in the market sector. These offer the opportunity of applying methods demanding a much greater independence than common in the traditional higher education for the actors of a wide variety of pedagogical situations, thus their overview and the adaptation of their best practice capital is justified to create the efficient educational method of disruptive technologies.

In the following, the education-organisational, strategic and methodological opportunities suiting the education of disruptive technologies are surveyed. 
The common characteristics of the following methods are being student-centered, the change in the roles of lecturers and students, the similarity of activities of the educational-learning process and team work, each of which includes facilitating the integration of disruptive technologies in the learning material of higher education, in the phase right after the appearance of technologies.
Cooperative learning

The more and more increasing need for the application of cooperative learning forms nowadays can be traced back to the insufficiencies of traditional pedagogy in formal learning (Nagy 2005). Cooperative learning includes methods which can be both applied in learning and in out-of-class activities. We mean cooperative team work if the team members carry out tasks by contacting each other and to achieve a better common result sharing the work also appears in the team. Its main characteristic is the order, the meaningfulness and the expediency of connections. Cooperative learning-organization can be considered rather an education-organization, whose principles are:
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1. Figure The methodological bases of the learning by doing methods, Source: Makdi M. 2012.
· simultaneous and comprehensive parallel interaction,

· constructive and encouraging interdependence,

· equal participation and access,

· individual responsibility and assessment. 
Each member has an equal role in the cooperative team. The relationship between he roles is not hierarchical but cooperative in partnership, which shows a significant similarity to the coaching method applied in the market sector, thus it is worth overviewing it in more details to create the new method of higher education.

In cooperative learning the members carry out both individual and team tasks. The classical teachers role changes and aims at three main activities:
	preparedness
	--------------
	
	   2.5

	observation
	
	……………..
	      1.368

	intervention
	
	
	998.65


Nowadays, cooperative learning - with the help of the project method, the less well-known design method and the closely-related and much more widely known research-based learning strategy, and the problem-based learning method - is more and more popular in implementing the student-centered education.

Project method (Project Education, Project Based Education/Project Based Learning)

The project method was created at the beginning of the 20th century in the United States as the critique, alternative of the traditional school. It was experienced that the application of knowledge in the traditional school is separated from the knowledge itself, it is not clear what the knowledge learnt through the particular subjects can actually be used for. As during the recognition and learning disruptive technologies, the new knowledge is closely related to its practical application, thus the essence of the project method clearly confirms that this is an educational method which facilitates the rapid teaching of the latest technologies, so it must be a part of the methodology to be developed. The evolving of the project method was based on the principles of John Dewey (1859-1952), which primarily emphasized the following correlations:
· Learning must be based on personal experiences.

· Teaching must consider students’ developing needs and interests.

· The student has to participate actively in forming his own learning processes.

· The student has to be educated to actively take part in the affairs of the community,

· to become a citizen feeling responsible for the community.

· Shaping the whole personality, the close connection between the curriculum and the social reality are important.

· It demands the flexibility out of school.

· According to the following characteristics, the project method adjusts to the characteristics specified in the early phase of the education of disruptive technologies:

· The project can rarely be adjusted to the tight university schedule (2x45), to the

system of the classes.

· Due to its interdisciplinary character, it breaks through the frames of the subjects.

· It often steps over the age frames set by the year.

· It demands a new type of teacher-student relationship (the teacher does not control

from above, but is a member of the community accomplishing the project,

helps the successful accomplishment of the project from inside).

· The project can hardly or not at all be assessed with the traditional grading.

Design based learning

The methodological logics of the design-based learning is that gaining knowledge is the most successful if students do not learn about ready things (objects, environmental elements, processes), but when they have to design and create a specific thing (for example a model object or infographics). In case of technological innovations in today’s modern education, model creation and the application of simulation pro grammes are ordinary tools in the higher education for engineering, their application has a role during the recognition of disruptive technologies.

Research-based learning - Research-based strategy

The base of the research-based learning, which is actually a version of the design-based learning (Anderson, R. D. 2006), is a specific problem for which students design an investigation, experiment to solve having their preliminary knowledge. Not what they learn or think is important but how they think, that is, the emphasis is on the process of learning things. During learning students understand the concepts and the processes, their knowledge deepens by synthesizing the knowledge elements, their attitudes related to these become enriched and they understand the essence of scientific recognition. Lane, J. L. (2007) interprets the research-based learning as a strategy which actively involves students in the investigation of the content and the results. With this specific characteristic it clearly confirms the education, the recognition, the further research and revealing the fields of the utilization of the still developing technological innovations. Research-based learning can lead to a usable knowledge, to the ability of sensible and lifelong learning, which closely suits the present international and Hungarian educational policy objectives.

Problem-based learning/teaching (PBL)

The academic literature often mentions Problem-based learning, -teaching besides Project-based education. The first version of the PBL method was elaborated by Barrows s Tamblyn (1980; quotes: Arts, Gijselaers s Segers, 2003) 
It was successfully applied at the McMaster university in Canada in the 1960s (http://www.edb.u-texas.edu/mmresearch/Students97/Hemstreet/pbl2.htm). PBL is a teaching method although according to certain researchers (Walton, Matthews, 1989.) it is rather a general educational strategy -, where the students work in a small group. They try to understand, solve and explain real-life problems. Their work is helped by the teacher, as a tutor, whose task is to stimulate discussions and arguments. PBL, due to its work form helps students to evolve self-controlling learning, and to develop competences which are not realized or are kept back during the traditional education. Meanwhile, PBL improves adaptability to changes, acquirement of processes facilitating making decisions in unfamiliar situations, assessment and acceptance abilities, problem-solving ability, thus it improves the development of critical and creative thinking abilities.

According to the study titled ’The future of higher education: How technology will shape learning?’ published in the Economist Intelligence Unit in October 2008, the technological innovations will have a significant influence on the methodology of education. According to the research, significant changes in the future education: the realization of learning in diverse places and time, the need for personalized learning, the strengthening of students’ opportunity for a free choice, the intensification of the short-term, project-based learning attitude, the integration of personal experiences facilitated by modern technologies in learning, the ability to successful learning, the change in the teachers role. With keeping the characteristics listed here in view, the benefits of the above-mentioned methods in the elaborated edu-coaching method were integrated because the formation of the teaching material, the planning, the development get into the focus of the learning process during eaching disruptive technologies, where the changing process appearing in the lecturers’ and students’ roles is well outlined.
Edu-coaching method

The emergence and spread of the coaching method as the introduction of the elaborated edu-coaching method well applicable in the higher education for engineering, which shows the reason for existence of this training method in the higher education of engineering. Tim Gallwey, a lecturer at Harvard and tennis expert, wrote in his books published since 1975 about the factors underlying the athletes’ performance enhancement and the change in the coaches’ roles. His Inner Game theory later spread to many fields of business life, as it is an advantage in the market competition to be rapidly adaptable, to have inner motivation, the ability to follow fast changes and the commitment to conscious goals, so the organizations started to investigate methods which are able to achieve really efficient changes and results at the level of the individuals. They gradually recognized the supporting and helping power which the coach provides in sports for his athlete, competitor. 
The types of coaching are diverse, with many categorizations, such as life coaching, executive coaching. According to applied methodology: action-oriented coaching, NLP-based coaching, system-approach coaching. Categorization according to orientation: recognition-oriented coaching, achievement-oriented coaching, relation-oriented coaching, and besides these: preventive, strategic, stress, project, conflict, intercultural, team coaching, team case-processing coaching etc.

PRESENTING THE EDU-COACHING METHOD
In most cases the clients contact coaches when they bump into a problem, a situation or a task which they cannot solve on their own. This basic situation is completely identical with the situation when students have to learn a topic for which they do not receive the pre-compiled, logically correlated learning material which is easy to learn, but they have to search for the necessary information and then get from the information to the knowledge on their own. In order to integrate the information in the knowledge system, students have to go through the process of information processing which cannot eliminate one or the other phase.
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2. Figure Processing the information
The developed method is based on the short, solution-centered coaching technique, supplemented with the peculiarities of the higher education system, the science of engineering and modern educational techniques. The solution-centered procedure was formed at the beginning of the 1980s following the research of Insoo im Berg and Steve de Sharez. With their research, they wanted to find the answer 
to what questions and methods lead to a useful result in a client-counselor relation.  Peter Szabo started to integrate the results in coaching in 1997, so the solution-centered coaching model developed which creates a simple and clear thinking frame for the client who draws up his goals, solutions and the steps leading to these in this framework. The coach edits the frame from targeted questions, confirming feedbacks

and useful summaries. The client this way receives space and time to arrange his thoughts, to specify his goals, to make his resources real and to plan the next step. The main tool of the coach is asking. The questions give the corner stones of the learning process. Children also always ask their peers and adults. They get to know the world based on the answers they receive. In the present public educational system and higher education it is experienced that year after year students ask less and less. The conversations are initiated not by them, but by their parents and teachers, that is the adults, but they also rather speak to children than talk to them.

Following the questions, we get answers to our problems, get to know each others’ thoughts, recognize our limits and ourselves. The better questions the participants that is, both lecturers and students - pose to each other, the more successful the teaching-learning process is. Composing the questions properly in terms of familiarization, deepening, resuscitation and application, and the acquirement of appropriately treating them is not an easy task, as the basic role of the questions is to actuate and to keep thinking in an active state during the learning process. However, in reality often it is just the opposite that happens. The questions posed in the wrong way or at the wrong time can hinder students independent train of thought, and can cause content disturbance, can make them unsure. Lecturers might as well obstruct the thinking process by asking too much, they try to keep the learning process of the teaching material under control with many small questions and meanwhile they control students’ thinking. By this, not consciously, they absolve students from the efforts of thinking, thus they slowly give up asking, and what is even a bigger problem, individual thinking. The phenomenon - that teachers, lecturers 
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3. Figure ÍThe functions of teacher onterrogation in the teaching-learning process
do not welcome students questions, are less helpful to answer them thoroughly with sufficient details, encourage them less to participate in dialogues in connection with the learning material – is often experienced. Furthermore, it is important to emphasize that the edu-coaching method strongly relies on modern ICT devices and applications. The 3D virtual educational space completely serves the IT tool demand of the edu-coaching method. The platforms - suiting the digital life of the students, which allow the fast finding, overviewing and processing of the information based on the adequate questions - are available in the 3D VR spaces. Based on these, it is particularly useful to introduce this method in the system of the higher education of engineering which is based on questions. The work hypotheses of the edu-coaching method based on questions are the following:

1. Inventing the solutions
a. The question WHY to reveal the source of the problem - common in the classical education is replaced with targeted questions and tools which focus the attention to the solution, so conversation is raised from the level of the problem to the level of solution, thus the solution gets into the focus of the conversation. 
b. A question directed to the solution, for instance, is: What would the solution facilitate? or If you could solve the problem, what would be different, what kind of operation could we accomplish? 
2. The experience of the solution already exists in the students 
a. Which is the method/process/solution that worked earlier? 
b. With this question we lead students to what resources help them to solve the task. 
c. What they have to do for success, what brought a solution in a similar situation.
d.  What is the knowledge which they can use to find the solution? 
3. TRUST towards the students’ resources, competences 
a. Students specify what should be improved to reach the goal. They can work on what they consider important. This trust is a strong motivating factor on the way to reach the common goal as students have to justify their own truth during thesolution. Although the lecturer, as a coach can delicately coordinate the direction of further progress with questions and summaries, but is primarily the observer ofthe process. If necessary, he gives a safety net, helps students if they have chosen the wrong direction, but he always has to keep in mind the freedom of choice. 
4. The benefit of being an outsider, not knowing 
a. The lecturer, in the role of the coach, can enforce the unpretentiousness deriving from not knowing against the students hypotheses, at the same time this being an outsider gives the freedom to pose surprising questions, with this he can delicately lead the course of learning in the right direction. Point out why you have chosen this way/method/procedure to find the solution? 
In terms of the working form, team work  is considered the most efficient to teach disruptive technologies where team members do both individual and common work.

According to this, the steps related to the cooperative education organization, the project-based educational method and the problem-based learning strategy were elaborated. 

The actual tasks of the edu-coaching method:

1. Choosing the topic: Specifying the content of education primarily 3D VR learning environment 
2. Preliminary planning 
2.1. Planning the optimal educational environment, 
2.2. Specifying the student target groups to be involve in the education (a target 
3. group spanning through courses, years or even training levels is also possible),
3.1. Identifying special fields, project parts, 
3.2. Identifying the sources of information finding 
4. Objective: Dual objective specification

4.1. Specifying the external target which aims at a new product
4.2. Specifying the internal target which aims at learning targets

5. Organizing and planning tasks

5.1. Making a schedule which includes the compilation of the progress plan and the schedule of the discussions.

5.2. Specifying the number of people in the group

5.3. Specifying the composition of the groups

5.4. Considering the initial knowledge

5.5. Specifying the initial tools necessary for the work in the 3D VR space
5.6. Compiling thought-provoking presentations, videos and other materials

5.7. Forming the students’ self-assessment system

5.8. Compiling the question groups helping work suiting the coaching method

6. Education with the edu-coaching method

6.1. Coaching agreement fixing the goal

6.2. Fixing the time of meetings
6.3. Making a list: What do we already know?

6.4. Taking resources into account

6.5. Specifying the steps of progress

6.6. Making a mutual schedule

6.7. Dividing the roles and the tasks, assigning deadlines to the tasks

6.8. Administering a project diary

6.9. Presenting the results

7. Closing, assessment

CONCLUSION
As a summary, the presented edu-coaching method gives guidelines for creating a work form which facilitates the rapid introduction of disruptive technologies in the higher education for engineering. If we use the learning method supported by solution-centered questions, then students go through each cognitive level specified in the Bloom taxonomy in the learning process, moreover, the outcome can be a product, a model, a new item or idea for further utilization of the technology. 
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4. FigureThe position of edu-coaching in the methodological basis of the learning by doing methods
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