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ABSTRACT
In this paper, the authors are considering the various aspects of Continuing Engineering Education ( CEE ), in relationship with the expected evolution of universities and the need for sustainable development, and show that, from that viewpoint, the Knowledge Triangle can be used as a conceptual tool.
It appears that tailor-made CEE ( TM-CEE ) is one way for universities to play their central role in linking together research, education and innovation. But, some barriers have to be broken down and a specific methodology has to be implemented.
Two practical cases are described and analyzed, leading to some conclusions about the different forms of TM-CEE and the ways they can best be implemented.
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INTRODUCTION
This paper is an outcome of a workshop held in Finland on 17-19 February 2011 ( which followed a shorter workshop in Gothenburg on 17 December 2010 ) in the framework of EUGENE Academic Network [1], more precisely its line D, the task of which is the development of Lifelong Learning ( LLL ).

The leader of this line D, Markku MARKKULA, drawing on his experience with AALTO University [2], took the initiative in bringing together interested parties to think about “ Making the Knowledge Triangle a reality ”.
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Three of those participants decided to make use of the information gathered in this workshop, of the research projects of two of them with Tailor-made Continuing Engineering Education ( TM-CEE ), and of the more theoretical and global views of the third one, to propose this paper for the 2011 SEFI Annual Conference.
1.   THE CONTEXT OF TM-CEE
1.1 Are traditional universities endangered ?
Peter DRUCKER [3], and more recently Don TAPSCOTT [4], predicted that “ traditional ” universities are at the dawn of demise and will soon be relics of the past. They based their prediction on the outbreak of what they called the “ digital generation ”.

Their view is probably exaggerated : there is little doubt, however, that universities will have to adopt new ways of providing their ‘students’ with the always changing and increasing knowledge that governs the sustainable development of our well-being. New pedagogical concepts for facilitating professional development form part of those new ways. Big universities that regard their prime role to be a centre for research, with teaching and getting value out of knowledge as an inconvenient afterthought, and class sizes so large that they can only consider teaching through lectures, could be endangered.

The problem began when KANT, in one of his latest works [5], argued that “ Universities should handle the entire content of learning by mass production, so to speak, by a division of labour, so that for every branch of the sciences there would be a public teacher or professor appointed as its trustee ”. One century later, this concept was to be restated and applied to industry by Frederick Winslow TAYLOR, with his famous division of labour, which put its stamp on the Industrial Age.
But we are now entering a new era, an Age of Knowledge, in which the key strategic resource necessary for prosperity has become knowledge, that is, educated people and their ideas. The main drivers are globalization, multiculturalism and the Internet. 
In the light of this new era, universities can be seen as widespread organizations that are at the core of the innovation web ; they possess a reservoir of examined knowledge and have each year an influx of new students, ‘young brains’ who can challenge the incumbent staff and contribute to innovation through using real life case studies.

But, unfortunately, that knowledge reservoir is not very efficiently used by European universities. In a book published in 1994, Ernest BOYER showed [6] that, the proportion of the focus of university staff on research ( the rest of their focus being set on teaching ) is 32 % in Russia, 37 % in the USA, 52 % in Australia, 56 % in the UK, 65 % in Germany, 67 % in Sweden and 75 % in the Netherlands. Therefore, as European universities are not acknowledged for their cooperation with industry, one can wonder what the practical use of academic research in Europe is.
So as to respond to these developments, universities will have to rely on a networking process : not only at university level, both globally between various universities and internally between their various departments, but also with industrial companies – often small and middle-sized enterprises ( SMEs ) –, with governmental institutions (  the triple helix model ) and maybe also with the civil society ( the quadruple helix model ). This networking process can be viewed as an amoeba and existing institutions may adopt different roles.
It is in order to foster that big change in European universities and enhance Europe’s competitiveness that the concept of the 
“ Knowledge Triangle ” has been introduced by the Lisbon Agenda at the dawn of this 21st century.
1.2 The “ Knowledge Triangle ” ( KT )
1.2.1. What does the KT imply ?

The “ Knowledge Triangle ” is particularly useful as a conceptual tool for thinking up those new ways. It links together Research, Education and Innovation, with special platforms and processes on its three sides and orchestration tools at its heart :








The KT replaces the traditional “one way” flow of information from research to education and from educators to students, by a “both ways” circular motion between the three corners of a triangle that, besides research and education, also includes innovation, which is the “poor relation” of many universities.
In a recent seminar in Vienna, Ellen HAZELKORN very clearly explained how, through building on a triple helix of innovation to the KT, Higher Education Institutions ( HEI ) are being asked to respond more directly to the social and economic needs of their ecosystem [7].

1.2.2. Three generic strategies in the KT
How could we interpret the circular motion – in both ways – between the three corners of the KT ? Professor Christian TANGJAER [8] shortly describes the three generic strategies that can be used in the KT :

1. A strategy of transmission, from one part to another, where universities are broadcasting knowledge in order to accelerate its use ( e.g. through curricula, conferences, etc. )
2. A strategy of translation, where universities are mediating knowledge, adapting it to a specific use in a practical context 
( e.g. consultancy )

3. A strategy of transformation, where universities are manipulating knowledge in order to change a given practical or to put theoretical knowledge into new use ( fundamental and applied research ).

Whichever the strategy, its formulation must include information about the university such as :

· Identity : competences, specificities, mission within the KT.
· Localization : creating meeting places or hubs, adapting and putting the KT into effect in the university’s environment.
· Learning : having a portfolio of projects, creating new competencies.
· Structures : a network open to all stakeholders
· Politics : finding the right alliances and operating in the right arenas.
2.   CHARACTERISTICS OF TM-CEE
2.1   Positioning TM-CEE : research questions
In the rest of this paper, we shall focus on CEE in a networking process, particularly about the cooperation between universities and industry. CEE is not just a collateral way of spreading knowledge, which universities might or might not adopt and practise, but, as we have shown, forms part of a global and inescapable process that universities will have to tackle if they want to develop their role in society.
From what we have said before, it is clear that :

· Professional engineers have a continuous need to update and complete their knowledge : CEE is no longer optional.

· Providers of Engineering Education must continuously adapt, in both a reactive and proactive way, to the quickly changing needs of their lifelong customers.

· As symbolized by the KT, CEE is under an obligation to lead to concrete results for society ( innovation ).

We shall argue – and illustrate it with two practical cases – that TM-CEE should be an essential way for universities to play that important role in their ecosystem, contributing to the lack of good examples of what the KT means in university practice and how its principles are applied in real life cases.
In summary, the research questions are :
· What is TM-CEE in theory, from the KT viewpoint ?
· How does TM-CEE work in practice and what are the drivers and barriers in this form of cooperation between universities and enterprises ?
The first question is answered in sections 2.2. to 2.4. ; the second question is answered in chapter 3. At the end ( chapter 4 ), we shall draw some conclusions.
2.2   Key points in developing TM-CEE
Before describing some key points for the development of TM-CEE, we shall underline the difference that we make between “customized” CEE and TM-CEE [9] :

· In “customized” CEE, the “education supplier” starts with a programme, or a set of programmes, he has at his disposal and adapts it to the needs of a particular customer or of a certain category of customers ; a thorough collaboration process between the two parties is not necessary ( and often left out ).
· In TM-CEE, on the contrary, the “education supplier” starts with an analysis of his customer’s ( or partner’s ) competence needs and builds a programme that responds to those needs, even if he has to look “elsewhere” for a part of that programme ; a thorough collaboration process is absolutely necessary.
In developing TM-CEE, some key points are to be considered :

· Most CEE programmes, even “customized”, are conceived for individual “students”, who are in some sort the “customers” of the knowledge provider, and, if those “students” work in a company, it is up to them to see that the gained knowledge benefits their company ( what most of them do not manage to do ). On the contrary, in TM-CEE, the “partner” is the company itself, which delegates some of its engineers to act as “ co-creators of knowledge”, and it is up to those engineers to prove equal to their company’s expectations. In other words, TM-CEE offers to companies a better control on the learning process and exerts higher pressure on both the participating engineers and the academic partner to show results ( this implies a shared responsibility ).
· TM-CEE can create a synergy between the tacit knowledge of both partners, in addition to the usual exchange of explicit knowledge ( tacit knowledge is to explicit knowledge as non verbal communication is to verbal communication ).
· TM-CEE is essentially a mode of production of knowledge 
based on diversity networks, where problems calling for knowledge are defined in terms of their application ( not within a well-defined domain of ‘scientific’ knowledge ), and where usability is more important than validity.
· In terms of strategy in the context of the KT, TM-CEE corresponds much more to a strategy of translation than to a strategy of transmission ( see section 1.2.2. ) and, as such, can help universities to implement their strategy of transformation.

· TM-CEE can more easily put the emphasis on learning skills, research methods and problem solving techniques ; it can also generate less resistance to change.

2.3   The role of universities in the KT
Universities do possess excellent assets that can help them to implement TM-CEE in the context of the KT, as for instance :
· Industrial companies, in contrast to universities, do not have an easy access to the necessary and best tools to meet most of their competence needs. By implementing TM-CEE, education contributes more strongly to innovation ( innovation-education platform ).
· Cooperation between enterprises and universities through TM- EE helps to put research results into practice, an issue that brings out the need for new research-based knowledge and for new and better concepts for using both existing and new knowledge. These new ways of knowledge co-creation will provide the regional industrial fabric with indisputable competitive advantages ( research-education and research-innovation platforms ).

· Universities are able to detect weak signals, as defined and explored by Elina HILTUNEN [10], and so help companies to better develop their strategy, as participants in TM-CEE are confronted with those weak signals at an earlier stage.
One might therefore wonder why universities, with their great potential both in knowledge and in experienced staff, have not yet succeeded in an activity where many private training companies have been “making a packet” for many years. To answer that question and find out what the barriers are and the drivers could be, an in-depth SWOT ( Strengths, Weaknesses, Opportunities and Threats ) analysis should be performed in each case ( the answers could slightly differ from one university to another ).
However, we shall discuss some frequently encountered barriers.

2.4   Some commonly encountered barriers
The barriers that restrain the implementation of TM-CEE by universities can be internal – that is due to universities themselves and the context in which they presently operate – or external, for instance the poor image of universities in industry. But there is also the difference of language, the gap between theoretical and professional approaches and the difference in time perspective.
Most commonly encountered internal barriers are :

· Deciding to develop TM-CEE in a university, or even in a group of universities, is a question of strategy, which involves many administrative procedures, new staff, investments, etc.

· Many professors consider that they must first devote themselves to research, with teaching as an inconvenient afterthought ; a third role could have a smack of “much too much” for some of them. Academic staff is also looking in that direction, since the chance of promotion depends on research. So, an in-depth change in the mindset of university professors and managing staff has to be carried out, a real “pedagogical reform”.
There are also two commonly encountered external barriers  :

· First, most people working in industry have a poor image of universities ; for them, professors and their assistants are working in their ivory tower and are unable to obey the strict requirements of industrial and economic activities. 

· Second, most people working in industry have no long or even middle term strategy and, as one of us said [11], 20 % of them are wandering blindfolded around when it comes to defining their competence needs ; this is of course a handicap when one has to specify the learning objectives.
And then, there are the barriers that lie in the communication between both parties :

· Obviously, they do not speak the same language, which of course results of what we just said about the way they feel about their work ( see for instance what we said in subsection 1.2.2. about identity ). As Pierre de MARET said [10], academic culture is geared towards production of knowledge, scientific excellence, academic freedom and free dissemination of results, while business culture is geared towards production a wealth, profitability and appropriation of results. It is hard to find a common denominator.
· This is why the greatest challenge in developing TM-CEE in universities, from the KT viewpoint, will be to define and ‘flesh out’ the role of the ‘Conductor’ ( ‘Dirigent’ in both Dutch and Danish, ‘Kapellimestari’ in Finnish, ‘Chef d’orchestre’ in French ), who is able to find the good drivers, establish a trustful relationship between both parties and develop together satisfactory solutions ( see the centre of the KT on figure 1 ).
If we want to understand where drivers and barriers in TM-CEE – and also in other circumstances of course – are coming from, one way to tackle the question consists in adopting a fundamental approach. In human beings – as in their far-off ancestors the animals – the two most fundamental levers, or triggers are pleasure-seeking on the one hand and fear on the other hand.

According to what the French doctor, physician, neurobiologist, ethologist and philosopher Henri LABORIT said many years ago [12] – and he has not been contradicted up to now – pleasure-seeking is linked with homeostasis, that is to say a mechanism by which the body tries to maintain a certain balance in his various organs, and to recover it when it is disturbed. It leads to the pursuit of pleasure and the recognition of a dominant position.
This means that our motivation is carved by fear and hope, the fear of losing a dominant position and the hope of gaining a more dominant one, even if such a basic motivation is generally concealed behind another, more noble, motivation., and is therefore completely unconscious ( which means that we cannot refer to it when trying to persuade someone to do something ).
So, when we have to take a decision that will be significant for our future, and knowing that, due to the multiplicity of levels, we are equally likely to climb to a higher level or tumble to a lower one, we can act under the strain caused :

· either by fear – the Yin side of our personality – and choose the easier and safer way,

· or by hope – the Yang side of our personality – and choose a more difficult and risky way.

This shows the importance of the role assigned to everyone in society and of the symbolism of the mask, as had been recently presented by one of us [13].

3.   TWO PRACTICAL CASES
Some European Universities have already taken action in TM-CEE, and the authors present hereafter two practical cases. 

3.1   The practical case from the Netherlands
The practical case from the Netherlands has been developed by the Delft University of Technology, in partnership with the University of Limerick ( Ireland ), the “Instituto Andaluz de Tecnología” ( Spain ), the Wroclaw University of Technology 
( Poland ), the “Università di Palermo” ( Italy ) and ICDC, a knowledge-broker between universities, organizations and enterprises ( Sweden ), with the object of providing engineers in small and medium enterprises ( SMEs ) with blended learning in Robust Design Methodologies ( RDM ), which aim at lowering the variations in processes and products..
The principles of Robust Design Methodology, its theoretical development and the practical implications for industry have been broadly investigated in scientific journals, books and conferences. However, results of regional surveys reflect the scarce use of such a methodology in European industrial companies, even if most of them recognize its strategic importance [14] [15]. This limited use in European SMEs, as compared with the USA and Japan, is a serious problem, since SMEs are of strategic importance for Europe’s competitiveness and the use of RDM has proved its capability to improve their operational productivity and efficiency – and so save money – in different industrial sectors.  Therefore, the above mentioned universities applied for a European grant in the call for Life Long Learning. 

In this project, called LearnRDM, an extended need analysis was conducted in order to determine the use and perception of RDM on the one hand, and the characteristics of learning at the workplace on the hand, of SMEs in the manufacturing industry, using a questionnaire and conducting 47 in-depth interviews. On the basis of their results, the need for and the interest in developing a strategy for the robustness of processes and products  in such companies became clear and, in a next step, a flexible learning model was developed, which was tailored to support the  individual requirements of each of them, and which was tested in 75 companies [16]. 
We shall focus here on the question : “ How does TM-CEE work in this case ( from a KT viewpoint ) and what are the drivers and barriers, in a pedagogical perspective, in this form of cooperation between universities and businesses ? ”. 
In short, the main barriers identified in the survey were the following :
1. RDM is perceived by SMEs as an academic methodology, difficult to apply in an industrial context.

2. RDM being based on statistical methods, which are not much used in most companies ( particularly in the field of process/product design ), therefore European SMEs do not feel capable of starting quickly an RDM project ( e.g., respondents in Sweden were not interested in learning basic statistics in order to implement RDM ).
3. SMEs consider communication with the academic world as necessary, but they perceive it as “not simple”.

4. SMEs consider the necessity of identifying and measuring the critical parameters for the process, and of designing the experiments, as the main obstacles to the diffusion of RDM.
5. The academic staff also noticed that SMEs were very goal-oriented and that the working environment is often ‘hectic’, with employees being frequently interrupted ; this makes learning and working together more difficult.
The 47 interviews with engineers and managers in SMEs revealed that they were not used to a systematic approach to learning, e.g. aligning business goals with learning objectives, and hence to searching for learning offerings or, in KT terms, learning partners/networks. Formal courses have their preference, since there is time for learning, personal contact and feedback, although, as we also know from other sources, transferring and using the acquired knowledge at work is often a problem.

If we analyse this starting point from the point of view of the KT, it is clear that the proposed “innovation” with the involvement of the university is not likely to succeed. Learning is seen by engineers and managers in SMEs as an individual activity, instead as a cooperative undertaking with some external partners ; it is perceived as having to be a self-study or an external course or workshop ; and when this is not possible, additional staff having the necessary knowledge should be hired. Furthermore, they prefer ‘home-grown solutions’, although there are also some good examples of cooperating solutions, as ‘running in packs’ with suppliers and customers.  Another important thing to notice is that they perceive no "real need” for learning or doing research in cooperation with the university. 

The academic staff involved in the project showed fixed ideas about how useful RDM could be for this sector and of what a course should look like ( article in preparation by Sjoer and O’Brien). They possess high-quality knowledge, recorded in articles and books. The only thing they think is needed is to show how valuable and useful that content can be, and to ‘translate’ it to practical work. It was interesting to see how they dealt with the results of the survey : most of them wanted to stick to some ‘basic – statistical – knowledge’, when others wanted to make it more attractive by adding case studies. The problem is clear : too much focus on the content, no knowledge of the learning processes of adults, a rather old-fashioned idea of e-learning ( both in professors and company engineers ) ; in short, there was, to begin with, no real basis for learning and innovating together.

Nevertheless, the project turned out to be a success, because of the flexibility that we built in the pedagogy and the establishment of a relationship between university and industry. In the next step of the project, we designed a flexible learning model based on the following characteristics : first, the learning goals should be fixed according to the business strategy of the SMEs and the delivery method should be derived from these goals ; second, an authentic assignment should be the core of the learning model, so that the next step might be the formulation of a pilot project ; and third, the requirements for offline and online ( cooperative ) facilitation would have to be determined. The problem is that, in SMEs, there is a lack of time and attention to think and conceptualize methods enabling them to do things differently the next time. In the TM-CEE learning offerings, the blended learning model should support the business goals and provide the opportunity to complete a learning cycle.
Pedagogies ( intake, pilot project, coaching and mentoring ) were implemented in different ways from one place to another. Various plans were executed. Some participants worked with an improvement project from their own company, others took the ‘learning arrangement’ completely online. A positive issue is that all actors agreed on a truly different way of working together. The words they used and the views they had about learning, innovating and doing research moved on a little bit in the way described in the literature about the KT and open innovation 
( article in preparation ). Yet, many things can be improved. The learning environment should focus even more on the learning process of actors instead of on its content. A suggestion was to establish the learning goals or any need in a community of practice. Let the participants interact through a forum or via social media, and that should be the starting point to any content – either from universities or from other partners. Conversations and content could be tagged, so relations can be shown between content and conversations even without anyone explicitly marking down that relation. The university staff might want to focus on moderating this dialogue, for instance to think about the incentives to make people ask questions ; otherwise, it would take too much time. To make the platforms of the KT sustainable, the awareness has to grow that both universities and industry has much to learn from a joint innovation activity, and that their work, on both side, could benefit from it, provided that we could find out together how this learning and innovation process can be supported, accepted, and implemented in the workflow of all future users.
3.2   The practical case from Denmark
The experience form Aalborg University, Denmark, is based on a European Social Funding Project, the overall objective of which is to develop TM-CEE in 80 small and middle-sized enterprises 
in the outer edge areas of Northern Jutland. The project is based on a networking process between industrial companies, Aalborg University and the governmental institutions for trade and industry ( the triple helix approach ). Called Via Nord, it is a 4 years project, running until 2013 ; therefore the present results are only preliminary, even though they are based on 13 cases of collaboration between university and enterprises – and on individual interviews in 2 of them – in developing TM-CEE.

During the last decades research on continuing education in company context has resulted in different best practices. Henrik Holt LARSEN [15] argues that “learning at the workplace is often a more effective, more flexible and more economical alternative than to be put on a school bench, and, moreover, research shows that, in many cases, people learn more, precisely, from ‘on-the-job’ learning” He further argues that on-the-job learning, as a source for competence development, does not supersede formal courses.  

The approach to CEE in the case of the Via Nord project has been inspired by the Aalborg PBL model ( a version of Problem Based Learning developed by Aalborg University [16] ), as it had become clear that several enterprises are using a problem oriented and project organized method for developing their products. 
This resemblance to PBL in university educational theory and practice being obvious, it brought forward the idea of trying to transfer some elements of the PBL-model into a company context, as an approach for CEE. The challenge, however, was to use a modified PBL concept in order to combine professional learning  ( informal ) with academic learning ( formal ).  In the overall conclusions of their research about learning at the workplace, Per-Erik ELLSTRÖM and Steen HØYRUP [17] pointed out that “ the most effective ‘on-the-job’ learning takes place when formal and informal learning are integrated ”,  and they recommended an interactive strategy, where competencies are received and applied in parallel, scheduled learning tasks being integrated with informal learning in the daily work.

Introducing the interactive strategy in combination with individually defined learning objectives ( tailor-made ) is a complex approach in the development of CEE and it requires some specific characteristics through which relations and integrations can be carried out. However this tailor-made, student-centred and interactive strategy has been introduced in the Via Nord Project and the results from the 13 cases have been analyzed from a pragmatic point of view.

Learning objectives constitute a very important issue in TM-CEE. How are they negotiated ?  Given the personal character of TM-CEE, clearly defined learning objectives are the seeds of success. In the Via Nord Project, the definition of the learning objectives was based on a dialogue process between the company’s managers and employees, and the university’s academic staff. The importance of the learning objectives does not rest only in their definition, but also in their characteristics, and this is time-consuming. Results very clearly show that, for the company’s managers and employees, they are not only ‘fine to be known’, but also ‘necessary to be known’. This implies that they have to be aligned with the company’s strategy and also a preference and/or recognized competence need by the employees. When the learning objectives are not perceived as being ‘necessary to be known’, the participants loose commitment and the TM-CEE activity tends to die out progressively. This is observed when the participants begin to skip a learning session and don’t integrate or apply the learning in their daily work. 

A TM-CEE course in the Via Nord Project often runs for more than 6 months, during which the world has changed, and so might also have changed the company’s needs and perhaps the staff mindset. It is therefore very important to have someone in the company ( a mentor ) to keep TM-CEE courses on the right track and to free enough time for the employees to take part in the course – even at the busiest time.

The academic staff of Aalborg University showed various behaviours towards those TM-CEE courses. Some of them were open and took them as an opportunity to interact with companies, others took them more as an obligation, and a few of them were really against the whole idea. But their general opinion was that the rewarding system of the university was not inciting them to carry out such an activity. They are rewarded for teaching and doing research – for which they are already working full time –, not to get involved in TM-CEE without being paid for their overtime.

From a pragmatic point of view, our preliminary conclusions about this case, at Aalborg University, are : first, the huge importance of having the learning objectives clearly defined, even if they do not feel the need to know them ; second, the necessity to have someone in the company, a mentor, to ensure that everything is going as scheduled ( which may be a challenge during a 6 months – or  longer – TM-CEE course ) ; and third, last but not least, the barrier formed by the lack of rewarding system of the university staff involved.

4.   DISCUSSION
The comparison of those two practical cases will lead to some interesting conclusions, notably the interpretation of the barriers that were met and of the drivers that were found, in the light of their theoretical approach, as previously shortly described by the authors.
We also want to compare and balance, as objectively as possible, the opinions and conclusions expressed, on the one hand by the university staff in charge of the projects., and on the other hand by those who have a large experience of working with industry. 
Beforehand – as it will help to understand the various barriers that have been previously identified – we shall briefly describe the views that Ikujiro NONAKA, Professor at the University Hitotsubashi of Tokyo, expressed on the creation of knowledge in industrial companies in some of his publications [20] [21]. For him, tacit knowledge is a key component of innovation. And he quotes Katsuaki WATANABE, President of Toyota : “ It is the continual dynamic synthesis of actual experience ( tacit knowledge ) and abstract expertise ( explicit knowledge ) that enables an organization to sustain innovation ”.
But tacit knowledge cannot be transmitted in the same way as explicit knowledge, namely by teaching : it needs a process that he calls socialization, an experiential, active and ‘living’ way of interacting between people. NONAKA and his colleagues created “ba”, a Japanese term that describes a field, or space, where people freely and openly share what they know in the service of creating something new.

“In Western companies – NONAKA says – people automatically assume that explicit knowledge is more reliable and accurate, a way of thinking that dates back at least to the era of scientific management ( ‘taylorism’ ). Tacit knowledge is considered non-scientific, given that individual experience cannot be tested. Most companies, therefore, assign knowledge management to their IT departments, which focus on codifying best practices that can be captured, stored, indexed and retrieved as efficiently as possible, namely explicit knowledge. When doing so, companies and leaders simply do not understand how human beings learn and create”.
According to NONAKA, there are, within a company, five possible enablers for knowledge creation, namely :
1. A vision of what knowledge is or should be.

2. A strategy for conceptualizing what knowledge has to be developed.

3. A system, described as networking communities of knowledge.

4. A structure, consisting in a good balance between a fractal organization, which he categorizes as self-organizing and capable of great speed and agility, and bureaucracy, with a hierarchy, division of labour and specialization.

5. The staff, where middle-managers play an essential role in knowledge transfer, between the “ Grand Theory ” ( what ought to be ) and the “ Front Line ” ( what reality is ).
As a first point of our analysis of the two practical cases, we notice that those two practical cases confirm the fact that most industrial companies, in Europe, do not have a long term strategy, simply because such a strategy concerns the future and the future is uncertain ; it is therefore obvious that it cannot be determined on the basis of explicit knowledge. The rare top managers who define a long term strategy do it on the basis of their tacit knowledge, a special blend of experience and intuition. But most of them consider that tacit knowledge is non reliable and that defining a long term strategy is not worth the time and efforts it would require. As a result, defining learning objectives becomes very difficult, and even unnecessary, because, as only explicit knowledge does matter, it is much easier, whenever there is a need for it, to have a formal course ‘à la carte’.
A second point, in our analysis, is illustrated in the practical case from the Netherlands, where engineers in industry said that they had difficulty understanding the statistical language used in RDM ( barrier n° 2 ). This is not an isolated case : one of us has met the same objection with decision making methods and forecasting methods. Why is it that RDM has much more ‘success’ in the USA than in Europe ? The fact is that, in the USA, there is a tradition of close relationship between universities and industry : many university professors have been working a few years in industry and some industrial managers come and give courses in universities. As a result, American students probably understand, much better than European students do, the relationship between what they are learning and what they will use in their professional life, and this may influence their feelings about some basic knowledge, as mathematics for instance.
We can put forward an additional remark to this second point of our analysis if, in that same practical case, we couple with that barrier n° 2 two other stated barriers, namely n° 1 and n° 4. Then, it becomes clear that, in the mind of those engineers, there is a subconscious fear that their lack of competence in statistics could jeopardize their position and career in the company.
A third point in our analysis is linked with the statements, in the practical case from the Netherlands, on the one hand from engineers in SMEs that communication with the academic world is “ not simple ”, and on the other hand from the academic staff that European SMEs are “ very goal-oriented ” and that their working environment is “hectic”. Actually, these two remarks about European SMEs illustrate very well the difference of viewpoint, as anyone used to working in or with industry would consider those two qualifying traits as perfectly normal 
( except for what we said about the lack of long-term objective ). European companies are fighting for their competitiveness, and it requires a dialogue between SMEs and academic staff if they want to cooperate.
The fourth and last point is the remark, in the practical case from Denmark, about the lack of rewarding system of the university staff involved. We are here touching on the already cited internal barrier of the administrative and financial structures of universities, a question that will have to be solved if TM-CEE were to become a widespread activity of universities.
5.   GENERAL CONCLUSION
The Knowledge Triangle ( KT ), it has been said, aims at fostering a faster transfer of knowledge into concrete and useful innovations, through implementing specific platforms and processes between the three ‘corners’ of the triangle and carefully orchestrating their working. These innovations can be academic, industrial or societal.

Of course, this challenge concerns above all European universities but, wherever and whenever a platform is launched between two organizations with the aim of establishing some form of cooperation, clear involvement of both partners and mutual understanding are absolute prerequisites.
We have many reasons to believe that Tailor-made Continuing Engineering Education ( TM-CEE ), as a platform between universities and industrial companies, is a particularly well appropriate process for meeting the challenge of the KT. But its implementation in real life cases could be confronted with considerable, though not insurmountable, difficulties. 

Both practical cases that have been presented prove that, in a number of occasions, TM-CEE can be successfully implemented to the satisfaction of the partnering companies, if some barriers could be knocked over, because many companies show willingness to cooperate and flexible pedagogical approaches have been finalized. 
If we want TM-CEE to become more widespread, emphasis must be put on overcoming the barriers that impede its spreading both vertically ( in the industrial fabric of a given region or country ) and horizontally ( into regions, countries and/or global ecosystems where it has not yet been developed ). In order to better identify those barriers and improve the pedagogy of TM-CEE, further ‘best practices’ must nurture our experience.
Nevertheless, we have to express some reservations and not put the cart before the horse : both parties have a long way to go towards each other if they want to cooperate on regular bases in the way outlined by the Knowledge Triangle. The fundamental challenge is a change of mindset as regards to the way we think, learn, manage knowledge, conceptualize, mobilize and, more generally, define our role in society.
It is surprising to observe that, in a given country or region, university staff in engineering departments on the one hand, and engineers in industry on the other hand, although they have more or less received the same Higher Education, do not understand each other anymore after having worked a few years in a different environment. This proves how much the accumulation of tacit knowledge can change our perception of the world.

Engineers know how machines work, from the smallest, such as an electronic chip, to the largest, such as the Large Hadrons Collector at the CERN in Geneva, depending on their speciality. How is it, then, that they do not know how works that little ‘machine’ they use every day : their brain. It seems that, with regard to such matters, there is a lack in engineers’ curricula.
Taking such matters into consideration, next to a paradigm shift on how we want to organize life long learning in our society and our systems a first step both in engineers’ curricula and in specific training courses or learning offerings, would be to stimulate innovation and renewal processes in organizations, which is the main goal of the Knowledge Triangle Model, and particularly Tailor-made Continuing Engineering Education, as a privileged platform for the cooperation between universities and industry.
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Figure 1 – The Knowledge Triangle ( adapted from [2] )
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