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Abstract
Sustainability is to meet the needs of present generations without compromising the capacity of future generations to satisfy their own. Engineering sustainability is closely attached to sustainability in higher engineering education institutions where sustainability of academia-industry link depends on both parties: efficiency and productivity of industrial placements for students are fairly high; to work together in particular projects, to run courses by academic staff for industry personnel or vice versa, involve industry leaders for final examination boards, University Senate membership, joint evaluation of students in various forms increase the link. The authors describe in the paper important areas of respective sustainability with innovation and present achievements with the integration of a mathematical model for sustainable academic staff. Competitiveness is the ability and performance of a firm, sub-sector or country even continent to sell and supply products, processes and services in a given market. Both the globalisation of economy and the fast improvement of small and medium-sized enterprises need new engineering graduates. The authors symbolise graduate output and assume three levels of industry competitiveness (slow, medium and fast growth sectors) in schematic diagrams along with the graduate output since they must be in conformity.
1.
Introduction

1.1
Brief history of University of Miskolc 

The history of University of Miskolc (UM), Hungary goes back to 1735 when the Royal Chamber in Vienna issued a decree on 22 June 1735 on the establishment of a "Berg-Schola" (School for Mines and Metallurgy) in Selmecbánya which is situated now in Slovakia. The objective of the School being one of the first engineering Colleges in the world was to train executive officers both for the exchequer-integrated mines and metallurgical industry and for private industry. The duration of education and practical training was 2 years and five branches were listed [13].
In 1770 Academy rank was awarded by the Queen, Maria Theresa and the duration of the education was three years. 1809 saw a course of philosophy involving mathematics, physics and logics and such courses proved to be the basis for the Universities of Sciences. At early of the 19th century the duration of study was increased up to 3.5 and 4 years. 
In 1786 J. Born, a professor of the Academy organised the first "Societät der Bergbaukunde" (Society for Mining and Metallurgical Engineering) and it had 154 members from scientific and cultural fields like L. Lavoisier, J. W. Goethe, J. Watt and with sessions in 15 European and American countries. 
In 1919 due to Trianon Peace Treaty it was transferred to Sopron, West Hungary. Doctor title in engineering was awarded the first time in 1931. The city of Miskolc has applied for a University of Technology several times before the War and the success came in 1949 by the Parliamentary Acts 22 and 25 saying: "for the advancement of higher engineering education a Technical University for Heavy Industry has to be established in Miskolc. The university will contain faculties of mining, metallurgical and mechanical engineering." Between 1949 and 1959 the departments of the Faculty of Metallurgy and the Faculty of Mining Engineering gradually moved to Miskolc from Sopron. 
The University has been expanding and now has three engineering faculties (Mechanical Engineering and Informatics, Earth Science and Technology, Material Science and Technology) including specialisations in information technology, mechatronics, electrical engineering, mechanical engineering, mining, environmental engineering, and some others. The academic staff has 400 members and the number of full-time engineering students exceeds 4300. 
Since 1983 new Faculties were established as of Law, Economics, Social Science and Humanities, Health Care. In addition, a Music School and a Teacher Education College was attached to the University, thus the total number of academics exceeds 800 and that of full-time students' is over 14,000. 
The authors are active in the development of higher engineering education (HEE) in Hungary and abroad, participation in EC and national projects with industry, European Society for Engineering Education (SEFI) working groups, its Administrative Council former membership, Editorial Board chairmanship/membership of electrical engineering periodicals, and other activities underline the study purpose. The methods integrate participation in EC Lifelong-Learning, Jean Monnet programme, international conferences, national industry projects, experiences in teaching and research with UM and abroad, membership in several international conferences steering committees, published papers in the world, all provide the generation, the collection of knowledge and innovation in the paper.

1.2
Trends of economy in the world
There are two different trends observed now in the world as the globalisation of economy and the fast improvement of small and medium sized enterprises (SMEs). The largest 100 multinational firms/companies/industries serve as a dominant empire providing one-third of the world-economy rate, 40 per cent (p.c.) of world trade and three-quarter of industrial products of the world. In addition, 75 p.c. of research and technological development (RTD) belongs to the highly developed OECD (Organisation of Economic Co-operation and Development) countries. SMEs being closer to general public serve people's everyday need and thus employ 70 to 80 p.c. of labour force in industrial fabric of European countries. 
There was a recent OECD study pointing out "structural changes" in the world economy that would put significant impact on historic processes: in 2000 the 30 member-states of OECD provided 60 p.c. of the world production rate while in 2010 this figure is 51 p.c. only and in 2030 this percentage will go down to 43 p.c.

2.
Competitiveness and sustainability 

2.1
Indicators for competitiveness of nations
There are three main categories classified for international comparison of competitiveness as (i) competitiveness of nations annually identified by World Economic Forum (WEF) which ranks nations using publicly available data. The results of an Executive Opinion Survey conducted by the WEF together with its network of partner research laboratories and business organisations are published generally each year [8]. Surveys declare the economies of the United States, Switzerland, Finland and Sweden are the most competitive economies of the world.
(ii) The Scientific Impact of Nations usually published in Nature across a range of metrics in which the citation intensity (citations per capita) is compared with its wealth intensity (Gross Domestic Product - GDP per capita). GDP is based on purchasing power parity (PPP) or the "law of one price". If an overall Scientific Impact of Nations ranking can be drawn, from this it might be that the US, the UK, Canada, Switzerland, Sweden, Denmark, Finland show the highest scores. 
(iii) Human Development Index (HDI) is a composite index measuring among others GDP per capita, average achievement in three basic dimensions of human development - a long and healthy life, knowledge and a decent standard of living, i.e. where to live in comfortable, nice and secure built and/or natural environment. HDI is ranging between 0 and 1 (unity). The highest HDI group incorporates 20 countries; their index is between 0.93 and 0.97. Ranking in the GDP list and Human Development Index are presented in Table 1. The lowest HDI ranging between 0.30 and 0.48 are attributed to 20 countries all of them are located in Africa. By this index the categories of the groups of developed, developing and underdeveloped countries can be more clearly classified.

Table 1: Wealth Intensity and Living Standard Quality (Human Development) Indicators.
	Country
	GDP per capita
	HDI ranking order

	
	Rank order
	Intl.$ per capita
	

	Qatar
	1.
	88 559
	38.

	Luxemburg 
	2.
	81 383
	24.

	Singapore
	3.
	56 522
	27.

	Norway 
	4.
	52 013
	1.

	Brunei
	5.
	48 892
	37.

	United Arab Emirates 
	6.
	48 821
	32.

	United States
	7.
	47 284
	4.

	Switzerland
	8.
	41 663
	13.

	The Netherlands
	9.
	40 765
	7.

	Australia
	10.
	39 699
	2.

	……………….
	
	
	…

	Canada
	12.
	39 057
	8.

	……………….
	
	
	

	United Kingdom
	21.
	34 920
	26.

	……………….
	…
	………
	…

	Spain
	29.
	29 742
	20.

	Czech Republic
	36.
	24 869
	28.

	Slovakia
	42.
	22 129
	31.

	Poland
	44.
	18 936
	41.

	Hungary 
	45.
	18 738
	36.


Source: International Monetary Fund, United Nations Development Programme (UNDP), 2010
2.2
Competitive industry 

To define the criteria for a competitive industry is rather difficult bearing in mind the broad areas from foodstuff through textile, cosmetics industry to nanotechnology or computer integrated manufacturing. Thus sophisticated machine, electrical, electronic, information and telecommunication (ICT) industries are on the top. Encyclopaedia Wikipedia says: “Competitiveness is a comparative concept of the ability and performance of a firm, sub-sector or country to sell and supply goods and/or services in a given market. Although widely used in economics and business management, the usefulness of the concept, particularly in the context of national competitiveness, is vigorously disputed by economists. The term may also be applied to markets, where it is used to refer to the extent to which the market structure may be regarded as perfectly competitive.” 

The authors try here to provide an easy and rather accurate but arbitrary description particularly referring to machine/electrical/ICT industries. Such an industry is competitive if it manufactures/creates new products, processes or services attaining more parameters of the following: outstanding, nice design/appearance, smaller dimensions and weight, more energy-efficiency, more reliability, longer life-span, easier, faster operability and serviceability, more environmental-sound, more robust, safer than the previous ones or entirely new in its scientific and/or practical origin in comparison to the existing ones, even there has not yet been any previous product, process or service in that maybe world-class category. 
Two statements emphasise the importance of engineers saying that (1) Engineers, though they represent less than 1% of total employees, contribute by 20% to Gross Domestic Product by innovation in highly developed countries, and (2) more than 50% of economic growth is directly or indirectly attributed to technological progress as reported by OECD.
2.3
Competitive categories of industries 

There are three basic categories of industries in relation to their competitive degree classified by the authors (Figure 1). One dot represents an independent industry or fabric even a unit or workshop of a larger industry. The overall technological, value-added, wealth-creating level of respective industry is proportionate to its competitiveness: hi-tech industry is generally highly competitive and so on. 

Figure 1: Three main categories of industries by competitiveness.

a) One dot represents one industry/firm/unit 
1 - low competitiveness, 2 - moderate 

(traditional), 3 - high competitive
b) Band diagram illustrates level of competitiveness of industry/firm/unit

2.4
Birth and concept of sustainable development

As the world move towards nine billion people on the planet, many of our familiar patterns of society will have to change. Too many people will have to share too few resources. Today, a third of the world's population is underfed; by 2025, on present trends, three billion people will lack adequate water supplies. Growing problems – of climate change, healthcare and sustainability of living conditions, education, transport, infrastructure, etc. – must be solved. The impact of globalisation on our livelihoods and on the quality of our lives will deepen. Thus, actions have to be taken to rectify these challenges [1]. 

The cradle of sustainability was 1987 when on the instructions of the United Nations, the World Commission on Environment and Development, headed by the Prime Minister of Norway, Gro Brundtland, Mrs developed a political concept which was quickly adopted as an absolute priority: sustainable development. Brundtland's genius lies in the simplicity and realism of the stated goal: to meet the needs of present generations without compromising the capacity of future generations to satisfy their own [15]. 

The Gothenburg summit of June 2001 subsequently declared a need for all the Union's policies to promote the interests of sustainable development. All Community policies must in the future be based on an integrated evaluation of their likely economic, social and environmental impact. 

2.5
Competitive higher engineering education

Europe has the resources of talent and ideas required. There are over 4,000 institutions of higher education in the EU, with 17 million students, 1.5 million staff – producing, nearly a million mathematics, natural science and technology graduates a year. The Bologna Declaration envisaged three cycles: the first or bachelor of science (BSc) cycle has the duration of 3 to 4 years, the second or master of science (MSc) cycle takes 2, 1.5 or 1 year(s) respectively and the third cycle is dedicated to doctoral (PhD) cycle with 3 to 5 years to award the degree after the applicants had prepared and defended their PhD theses.
Engineering education institutions can, and they should, actively take responsibility for being an instrument for the regional innovation policy [4]. Innovation and knowledge management are to solve the same problem, the need of the industry to develop strategic co-operation with universities in order to be able to respond to challenges of the global economy. And those regional systems, the intellectual capital ones, can be considered as the regional elements of a national concept, the knowledge society. This is the environment where the "knowledge universities" must operate [5]. 
A university is a "community" of teachers and students, who share questions and answers, learn from each other and, together, search for new knowledge and new answers to new (and old) questions – it is a knowledge centred university [3].
3.
Research and education performances of Europe and its counterparts

Research and technology pose one of the greatest challenges facing the European Union today. Advances in this field are crucial for its political and economic future if it is not to fall hopelessly far behind the USA and the "Asian tigers" in the relentless technological race of the modern world. To this end it must mobilise its true wealth: the creative spirit and energy of its people. This potential is the basis for its scientific strength and competitiveness, on which rests the high technical and scientific quality of its industry and agriculture. 

In the early 2000s the European industry was not what it once was: although many industries were still to be found in Europe, but other economic blocs, such as Asia, were establishing themselves as the world's principal production sites, aided in part by a less costly workforce and the opening up of world markets [14]. 

European leaders therefore decided to stake the EU's future on science and technology it had always excelled. Knowledge would thus secure the future of the Old Continent, through the creation of a knowledge-based society rooted in higher education, innovation and research. These three components are fundamentally inter-dependent and they came to be known as the knowledge triangle. In future, Europe's added value would thus be based on the new knowledge created within the European Research Area (ERA), a source of jobs and profit [6]. 

Figure 2: RTD intensity in the major economies, 1981-2007.

[image: image1.emf]
Source: EC DG Research.   Data: Eurostat, OECD

In the year 2000 Europe produced a third of the world's scientific knowledge and occupied a leading role in many fields – aeronautics and telecommunications, for example – however its global research investments, both public and private, were far below those of its principal rivals, namely the USA and Japan. This comparatively low level of investment was not uniform. There is a great variety in Europe when it comes to promoting science. Sweden and Finland have among the most efficient RTD of any country in the world, while in the new Member States, where resources are often fewer, the sector is sometimes precarious. Thus RTD systems in Europe are struggling to break free of the national framework. 

The challenges facing the European economy have not changed: increasing productivity in response to the ageing population; confronting international competition; preparing for the increasing scarcity of natural resources, starting with fossil fuels. 

4.
Creativity and innovation ideas

"Innovation is defined as the necessary step to introduce a new or improved product, service or production process on the market." [7] It is assumed that innovation brings a new added value to the customers and improves efficiency and quality both to public and private sectors [16]. 
Table 2: Comparison of science and technology between EU-27 and counterparts.
	No
	Indicators for competitiveness
	EU-27
	UsA
	Japan

	1.
	RTD effort, billion Euro/annum
	214
	274
	118

	2. 
	Number of researchers (Full-time employed, FTE) in thousands
	1 301
	1 388
	710

	3.
	Number of researchers (FTE) per 1000 workers
	5.6
	9.3
	10.7

	4.
	Intensity of effort in percentage of GDP
	1.85
	2.61
	3.39

	5.
	Share of private sector financing in percentage
	55
	65
	77

	6.
	Share of publications worldwide in percentage
	37.8
	31.5
	7.9

	7.
	Share of patents worldwide (2005) in percentage
	30.9
	33.1
	18.3


Source: European Commission Report, 2008, structured by the authors

Innovation is often connected with the term invention or creative ideas, which also means something new, something that has never existed before. It is written: "All innovation begins with creative ideas … creativity by individuals or by teams is a starting point for innovation; the first is necessary but not sufficient condition for the second" [2]. The route from idea or invention to the realisation is not immediate [15]. 
5.
Sustainable performance of academic staff 
5.1
Computation of performance of academic staff activities 
1. The authors developed a new computation method to determine precisely and in details the general indicators and to put all indicators into a sustainability matrix S with innovation where the individual indicators evaluated by internal and external reviewers can be derived in the following way (only examples are given below due to limited space) 
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S11 – degree of teaching activity 1 of staff member 1
………………………….

Sj1 – degree of communication skill j in English of staff member 1
Sj2 – degree of communication skill j in English of staff member 2
………………………….

Sk1 – number and level of scientific publications k per staff member 1
………………………….

Sn1 – degree of competitive industry project participation n per staff member 1 

………………………….

Snn – degree of competitive industry project participation n per staff member n 
2. Each indicator contributes to the efficiency of academic staff activity in various degrees, therefore, an adequate weighted factor must be attributed to each indicator and they can also be composed in another matrix from which is termed as weighted factor matrix W as given in equation (2).Each member of the weighted factor matrix should have a number ranging between 0.01 and 1.00 depending on its weighted score.
3. The complete sustainable activity matrix S can be written down in the following form 

[S] = [C] × [W]
(3)

5.2
Engineering graduate output 

The education of an engineer will differ according to function, and the nature of undergraduate programmes must reflect this wide range. Many employers look for a range of skills in new graduates. The indispensable prerequisite to have sufficient university entrants is to attract more talented young people to engineering education as the quality of European engineering education is overall fairly high. From the end of the 1960es for two decades or so 8 p.c. of youngsters belonging to the age of 18 to 25 years were full-day students in higher education in many European countries and roughly 50 p.c. were dropped out as it was the case in Hungary, too [12]. It guaranteed the high quality of engineering education and the qualified graduates. Today the previous 8 p.c. ratio went up generally to 40 to 55 p.c., this ratio in Hungary is 42 p.c. (The Government of Hungary wants to increase its ratio within a couple of years up to 50 p.c.) 
The graduate output is written in the diploma/certificate mentioning the rank from excellent going down to satisfactory (Figure 3) containing the examination results of basic courses (mathematics, physics, mechanics, chemistry), fundamental and applied engineering courses (e.g. thermodynamics, production engineering, information technology, engineering design, electrical, electronic, control engineering) plus diploma thesis presentation and defence based on project in industry [10].
The Final Examination Board has a particular duty to select the best two or three diploma theses prepared and presented by the students. The respective theses along with the evaluation of the Board will be submitted to the respective Hungarian Institutions of Engineering. Since several diploma theses go to the Engineering Institutions from all Higher Engineering Education Institutions of the country where an evaluation committee composed of high-ranking industry personnel and principal academics makes decision on the first, second and third ranks of the theses. At the Annual Conferences of the Engineering Institutions, usually taking place at the end of summer on rotation in different cities of the country, the graduates deliver the summary of their theses for 500 to 600 leaders of respective firms and industries. The gold, silver and bronze medals are awarded there to these outstanding graduates. The summaries of the theses are usually published in the respective Hungarian periodicals. Such events prove to be excellent forums for the young generation to get acquainted with the professional personnel and participate in dialogues on their works.

Figure 3: Engineering graduates output.


a) One dot represents one graduate.  b) Band diagram. 1 –talented graduates, less than 10 p.c., 2 – outstanding/excellent graduates, 3 – fair graduates

5.3
Employment rates of graduates 

One of the performance criteria is the employment rate of the graduates. It is reasonable to assume, that most of the engineering students wish to get employed in the field they are studying. The employment rate is very favourable in most of EU countries, in Hungary as well, since one graduate can chose among 3 to 5 good jobs offered by industry/firm/company [9]. The industry has been seen as the main customer of higher engineering education. 
6.
Specific indicators to improve industry competitiveness
6.1
Higher engineering education serves more competitive industry
As far as the graduates' employment by three categories of industries is concerned, then slightly under trained, adequately trained and over trained graduates can be classified (Figure 4). 
Specific service for a more competitive industry is to run intensive on-the job training courses e.g. on computer-aided engineering in various disciplines by academic staff to industry personnel by industry request and in many other topics. 

Figure 4: Comparison of industry/firm/fabric and engineering graduate output.


[image: image3]

 SHAPE  \* MERGEFORMAT 
A – Graduate output is not sufficient, increase is needed, B – Graduates are adequately trained, C – Graduates are over trained for industry of low competitiveness

6.2
Engineering theory and practice for academia–industry link 

The borders between "basic" or "fundamental" and "applied" research are sometimes unclear and vague, and that the distinction between the two, in some ways, becomes gradually outdated. This is why a new term "frontier research" reflects a new understanding of basic research. On the one hand it denotes that basic research in science and technology is of critical importance to economic and social welfare, and on the other that research at and beyond the frontiers of understanding is an intrinsically risky venture, progressing on new and most exciting research areas, and is characterised by an absence of disciplinary boundaries (European Research Council, 2007). 

Engineering theory, as the authors say, is derived from respective engineering science, research and technology and well-structured in engineering curriculum. This serves as a basis for teaching content (syllabus), lectures, demonstrations and teaching materials as well. 

The main target/mission of the provision of engineering theory to students is to conclude in the result, the output of higher engineering education (HEE) institution that is an all-round engineer who is equipped with abilities and competences in the specific engineering area [4]. 

Engineering practice, as the authors define, is the application of knowledge and skills headed for competences gained and transferred by delivery of lectures, self-learning, home exercises and/or by written and electronic media presenting the respective engineering theory in new technical environment. 

Engineering practice therefore in universities and colleges a quarter century ago was composed of (i) laboratory tests and measurements, (ii) workshop practice, (iii) industrial practice, and (iv) the solution of numerical and other examples. All in one, the fact to put engineering theory into practice serves as practicing the theory. 

In the first decade of the 21st century engineering practice must be quite different. The students since the cradle of their BSc/BEng programme work with computer-aided engineering problems, information and communication technology (ICT) is used both for teaching and learning, laboratory, even workshop and industrial practice are in some ways or another dedicated to computer application. Therefore, computing science application is a part of their study programmes and also of engineering practice. The question is whether the test/measurement evaluation by computer application is a part of the laboratory practice or not. No doubt it is part of the laboratory activities.
All students have to implement a 4-week industrial practice in the 6th semester and a course on Engineering Design and Project in 4 hours per week in the 6th semester. There are 14 hours per week dedicated in the 7th semester to the thesis preparation and respective project partly working in industry with. Project works and engineering design are also interwoven with theory, thus they can be termed as theory-intensive or theory-demand practice. 

6.3
Theory to practice ratio
The vital difference between the 3 engineering education cycles is the theory T to practice P ratio T/P dedicated to their time indicated in the curriculum. Thus, this T/P ratio defines the professional rank or hierarchy of institutions. Bearing in mind that the total time is counted 100 p.c. or 1.0 in per unit, thus T + P = 1.0 in all engineering curriculum while integrating all basic and applied/frontier science and practice courses needed for graduation. Figure 5 presents theory versus practice in per-units for all 3 cycles; however it is schematic and arbitrary to present visually the 3 cycles. 
The slope is proportional to the T/P ratio, thus an interval is given to represent each cycle. For BSc cycle such ratio is ranging between 0.35/0.65 = 0.535 and 0.55/0.45 = 1.22 and the average is 0.45/0.55 = 0.818. This deviation is due to the location of the HEE institution the need of graduates, the level of newcomers, academic staff, infrastructure and facilities. 

Figure 5: Higher engineering education cycles in theory (T)-practice (P) domain in per-units.
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In a similar way the T/P ratio within MSc curricula is ranging from 1.22 to 3.0; the average ratio is adequate to two-third of theory and one-third of practice which is the most used ratio, i.e. 2.0.

For PhD cycle it is difficult to measure that to study and structure, analyse bibliographies, references, establish hypothesis, doing simulation, performing tests and measurements verifying the simulation and theoretical background of hypothesis belong mainly to engineering theory/science category. After gaining international experiences [4], [5] and responses of questionnaires (e.g. T.R.E.N.D.S) it can be declared that T/P ratio is ranging from 3.0 to 9.0 and the average rate is 6.0. This ratio for PhD cycle thus, depends mainly on engineering science the PhD students should study and acquire. 

T/P ratios may overlap two cycles, BSc and MSc plus MSc and PhD to a lesser extent but it is not indicated in Figure 5 to make it simple. The reason of eventual overlapping is that only one T/P line may not be determined between BSc and MSc cycles even within the same institution running various engineering programmes. During the implementation of curriculum and teaching slight differences may occur. 

The lesson learned is that T/P ratio puts impact on graduates output, thus it must be kept within close slopes in each degree programme and curriculum to adjust engineering education to the employment criteria. 

UM experience is that students who have been participating in National and International Conferences and received higher ranks from the National Engineering Institutions for their diploma theses have deeper knowledge in their respective engineering field. Thus, the T/P ratio must be kept within narrow slopes for all 3 cycles, and it serves as a prerequisite for the sustainable curriculum design and implementation. These students contribute to the exploitation of their knowledge in the process of technological innovation. 
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