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1. INTRODUCTION
The theme of this seminar: "active and productive learning" is an excellent choice. It is an expression of a more general trend in higher education which has been described as "from subject-based teaching to student-centred learning". The Dutch National Advisory Council of Education (ARO) recommended a shift in those terms in recent reports to the Dutch govern​ment about the future of higher education in the Nether​lands. One of those reports does indeed carry the title: "From higher teaching to higher learning". Until recently I was the General Secretary of that Council and that explains why I am here. I do indeed think that such a shift deserves support. Support from you as lec​tures, but as well from students, researchers, business-people and the govern​ment.

For such a support are good reasons. Problem-​based learning, project-oriented work and design-based learning are considered to improve motiv​ation, to make learning more permanent and to enhance transfer of what is being learned in one situation to another context. Through such factors efficiency and effectiveness of educa​tion might improve. That is why those approaches in educational design share a long tradition of good practice. Many of the presenta​tions in this seminar do really show the wealth in experience and know-how in this field.

The empha​sis on generic skills, including communi​cation, is more recent. It stems from the desire to qualify learners for social settings, in business, industry and in social life. A desire, not only expressed by educators, but also by business representatives.

However: one question remains to be asked: if the advantages are so convincing, if the need for it is expressed and if experience and know-how is there, why then have those styles of learning not yet been accepted on a large scale?

One answer to this question is that we are not dealing with possible or desirable improvement only. We are also dealing with change, with innova​tion. Successful innovation bridges between "what would be possible" and "what sells". An example of this is already to interpret the theme of this seminar as a shift: a shift away from subject-based teaching and towards active learn​ing. In doing so the focus of atten​tion is not only on the develop​ment of student-centred learning, on what it conceptually means and how it can be practised. The shift also indicates the demand for a design of pro​cesses of "unlearn​ing" of subject-based teaching. It might for example include negoti​ations with staff that might well have very strong argu​ments in favour of sub​ject-based teach​ing.

This is not something which you may like to hear. It might give you an un-easy feeling of being distracted from your primary mission. Engineers are supposed to be "do-ers", convincing others by their results. You might prefer to discuss the practices of student-centred learning, to pick up ideas for improve​ments of it.

I do believe however, and I am sure that you will agree with me that design, including educational design, is as much a contextual activity as a technical one. Design is not a process where the experts design a product and subsequently try to imple​ment it in a given environ​ment, as some descrip​tions let us believe it has ever been. Whether such descriptions are a myth or not, nowadays, the "new designer" deals with a variety of stakehol​ders from the very begin​ning, in a con​structive dia​logue. The different stake​holders are not seen as inhibi​tors for innova​tion, as people who ask unpleasant questions or as defenders of the old and thus object to be changed. The "new" set-up of innova​tion and design pro​cesses include such stakehol​ders as partner​s. Their comments add to the result with a variety of non-technical criteria to be met as well as technical criteria. 

It is for this reason that I will touch upon a few contex​tual factors which I feel add criteria to the technical de​sign-process of active and productive learning and dare not to talk about the practices of the design of such learning in the didactical sense, (the other reason being that I do know far less than most of you about it). 

I take two contextual issues: 

a. the practice of science and technology. Is the shift to student-centred learning and away from subject-based teaching in any way affiliated / congruent with shifts in the practice of science and technol​ogy? 

b. higher education as a system, and its underlying values and beliefs. 

Does active and productive learning go along with redesign of other aspects of higher education?

I base my analysis here on two ARO-reports (ARO, 1994, 1995) (and some of the underlying working documents) and on two recent books. One is the result of a collaborative effort extending over several years to explore major changes in the way knowledge is produced. (Gibbons, 1994). The other offers a general account of changes in higher education, starting from the UK. (Scott, 1995)

2. SCIENCE AND TECHNOLOGY

How is scientific knowledge produced and how does it relate to technology? From Gibbons (1994) and Scott (1995) I derive the following image:

Scientific knowledge is generated within universities and other research establishments and then "applied" to solve practical problems. The science is "transferred" into or through technolo​gy. Thus: science is the prime source of innovation.

Science is autonomous. Although it might help event​ually to solve practical problems, scientific problems are initially defined within and by the scientific community. Science is thought of as a closed system: a definition of what science is, and in particular what good science is, has to be left to the acknowledged experts in the various discipli​nes. Interdisciplinary threatens to dilute that authority and experti​se, and so poses a professional risk.

Funding and organisation of science is regarded as public respon​sibili​ties. This is so for practi​cal reasons and reasons of principle. Practi​cally, benefits from science can not be predeter​mined. Beneficiaries and so contribu​tors to its costs can not be accurately identified in advance. Reasons of principle include the belief that the best science is likely to be produced within an open and therefore disinterested environment which encourages curiosity and creati​vity.

The following table summarizes the attributes of this image:

	PRIVATE 
Characteristics of "Mode 1" knowledge-production (cf. Gibbons, 1994)

	PROCESSES ARE CAUSAL, CUMULATIVE AND LINEAR: RDD DOMINANT,

"APPLICATION" AND "TRANSFER" ARE DOMINANT PHRASES

PURE SCIENCE IS THE PRIME SOURCE OF INNOVATION, TECHNOLOGY FOLLOWS, APPLIES.

SCIENCE IS AUTONOMOUS: EXPERTS DECIDE ABOUT PRIORITIES, PROB​LEMS AND SOL​UTIONS 

WELL ORGANISED AND INSTITUTIONALIZED HIERARCHY; STATUS COMES FROM PLACE IN THE HIERARCHY

ORGANISATION THROUGH SPECIALIZATIONS (FACULTIES, DEPARTMENTS)

DISINTERESTED ENVIRONMENT IS CONDITIONAL FOR CURIOSITY AND CREATIVITY

INTERDISCIPLINARITY IS THREATENING AUTHORITY

FUNDING IS PUBLIC


One can only agree with Scott (1995), as he states that this account can certainly not be accepted as an accurate empirical account of how scientific knowl​edge is produced, but that it probably reflects the assumptions made by many working scientists.

My point here would be that such assumptions may have conse​quences for educational set-ups, including allocation of staff to students and didactics.

Mode 2 knowledge production

However, these assumptions are being challenged, and undermined by a new model of how scientific knowledge is produced. The book of Gibbons (1994) refers to this new model as: "mode 2 knowledge production". Mode 1 is the more traditional form as described before.

The characteristics of mode 2 knowledge-production are really very differ​ent from those of mode 1. Not science is the ultimate source of innovation. Innovations not even stem especially from the laboratory. It is just as likely to occur in the market​place. As a result technology is not subordi​nated to, or a derivate of science. For the same reasons the language of "application" and "transfer" breaks down. The "users" of science and technology are not passive benefi​ciaries, or "customers", but active agents. Their conceptions and needs play a crucial role in determining not only scientific priorities, but also definitions of scientific problems and even of scientific solutions. Status comes from experience in innovation as much as from disciplinary expert​ise. The focus of knowledge-production in mode 2 shifts from disci​plinary optimized contributions to how best to manage the whole process. Knowledge-produc​tion takes place largely in the market, or if the products are goods and services in the wider social arena.

The following table lists the characteristics.

	PRIVATE 
Characteristics of  "Mode 2" knowledge-production (cf Gibbons, 1994)

	PROCESSES ARE MULTIVARIANT: INNOVATION STARTS FROM SEVERAL SOURCES, NO PRIME ROLE OF SCIENCE

ACTIVE PARTICIPATION OF NON-EXPERTS IN DEFINITION OF PRIORITIES, PROBLEMS AND SOLUTIONS

STATUS COMES FROM COMBINATION OF EXPERIENCE WITH INNOVATION AND DISCI​PLINARY EXPERTISE

ORGANISATION IS NON HIERARCHICAL, KNOWLEDGE PRODUCTION TAKES PLACE IN CHANGING NETWORKS OF CONTRIBUTORS, NOT IN FIXED INSTI​TUTIONS

ORGANISATION SYNOPTIC: MANAGEMENT OF THE WHOLE PROCESS (DECONSTRUCTION OF SPECIALIST KNOWLEDGE)

NOT PROTECTED BY PUBLIC POLICY


Of course: to draw too sharp a contrast between mode 1 and mode 2 would be misleading. The dichotomy between the two modes serves to highlight trends, not to offer definitive accounts of the process of knowledge production (Scott, 1995, p. 145). Neverthe​less in mode 2 things are done differ​ently. This can be conceptualized and summarized as in the following table:

	PRIVATE 
mode 1
	mode 2

	KNOWLEDGE IN THE CONTEXT OF DISCI​PLINE
	KNOWLEDGE IN THE CONTEXT OF APPLI​CATION (this is different from "applied", even fundamen​tal con​cepts are "negotiated" between dif​ferent stakeholders)

	PROBLEMS SOLVED BY MULTI- OR INTERDISCIPLINARY TEAMS
	TRANSDISCIPLINARITY (problems shared), INCLUSION OF NON EXPERTS

	EXPERTS HEAVILY CONCENTRATED IN UNIVERSITIES
	HETEROGENEITY AND ORGANISATIONAL DIVERSITY.

CORE SCIENTISTS MORE WIDELY DISTRIB​UTED

	
	SOCIAL ACCOUNTABILITY AND SOCIAL REFLEXIBILITY PART OF RESEARCH DESIGN

	QUALITYCONTROL BY PEER-REVIEW;

USE OF INTERNAL AND EXTERNAL CRITERIA
	NEW PATTERNS OF QUALITY CON​TROL (MERIT REVIEW); LESS DIS​TINCTION BETWEEN IN- AND EXTERNAL CRITERIA


The shift from mode 1 to mode 2 is a gradual process. But it is there. One can already notice that major innovations are emerging from mode 2 work. Mode 2 work is gaining official recognition. It is indeed not an accident that the Dutch Nobel Prize winner of this year: Paul Crutzen is a typical mode 2 actor. Prizes in the sciences go traditionally to the "pure" sciences and not to branches where a problem such as the human influence on the Ozone-layer is the focus and where science and politics are indeed intertwined.
Accommodation of growth: the knowledge society

It is important to note that the analytical distinction between mode 1 and mode 2 of knowledge production, and the notion that mode 2 is relatively new, does not imply any value-judgment as such, in terms of whether mode 1 is better than mode 2 or the reverse. That is simply not the point. The point is that in a knowledge-intensive society, with growing numbers of people who keep learning after the secondary school, mode 1 knowledge production, and the associated learning modes, simply cannot accommodate to that change. It keeps it own right, but accommodation of growth goes along with mode 2. This point has been ample argued by the ARO, from social, economic and cultural points of view. Gibbons (1994) and Scott (1995) refer to the point repeatedly.

The consequences are of course threatening to the traditional universities, even if you value mode 1 science as superior to mode 2. A whole range of new institutions and scientific advisory services and networks evolve. This at least can be felt as rivalry, and indeed breaks down the monopoly of the universities and its staff. The university is not longer the knowledge-institution per-se.

For students it follows that they may not longer learn at the univer​sities only, but also from people outside univer​sities by participation in network-settings. They may indeed have a choice from a wide range of quite different settings. "Mode 2 learn​ing" implies a certain fuzzi​ness, anti-coherence and plural​ism. These are not characteris​tics which can easily be translated into operational environ​ments. "Learning-brokers" will offer their services here.

3. PATTERNS OF LEARNING

Let us now look at some of the more specific implications of a mode-2 learning environment. Scott (1995) lists four implica​tions for the set-up of learning, which he thinks have a mutual consist​ency:

· from subject-based teaching to student-centred learning

· from departments to looser frameworks ("schools", transdisciplinary research-units)

· from courses to credits

· from knowledge to competence

Even if I do not go into details here of each of these implications (but I can recommend to read Scott's exposition, including his warning for the danger of an over-determined curriculum), this list an indeed the claim that the elements of it form a consistent set, already shows that an attempt to shift educational practice from subject-based teaching to student-centred learning can not be an isolated or solely didactical enter​prise. In order to be potentially successful, it should go along with definite changes in the environment. 

It may have become clear that it does not make much sense to introduce mode 2 learning in a typical mode 1 setting. 

The ARO (1994) recognizes similar trends as Scott describes, but gives different emphasis:

· from subject based teaching to student-centred learning in different environments,

· from programmes to social and practical contexts,

· from selection to allocation, 

· from product to process in the relation between higher education and indus​try, business and public services.

· from initial to lifelong learning.

Again, I will not go into the details, because the argument here 

is only that there is a set of contingencies in educational change. I do refer to the reports and some of the underlying working papers.

However, in the context of this seminar it seems appropriate to specify the first shift in more detail. According to the ARO, the drift away from subject-based teaching implies a number of more specific shifts, including the following:

· more temporary staff from industry and business and less permanent staff,

· more students learning in other places than the depart​ment or faculty.

· diverse patterns of learning. We considered four basic ingredients, to make up the mix of learning in higher education, as given in the table below:

	PRIVATE 
 Ingredients for higher learning (ARO, 1994)

	· Educational learning.
This includes individual multi-media learning as well as learning from teaching (teaching can indeed provoke pro​ductive and active learn​ing!). 

· Group learning including project work,
Much attention given to the successfulness of the team, in terms of attitude, knowledge, skills, team building, sharing of problems etc.

· Network learning,
Network learning includes occasional, short-time interactions with different stakeholders about areas and concern of work. This may be organised in the form of "learning-consortia", where students of different learning-setting and "mode 2" experts meet regular​ly and discuss their learning. International learn​ing consortia may be established with the help of Internet.

· Learning by experience.
This includes daily productive work together with experts, peers and other stakeholders, in real life working- or project-settings.




4. CONCLUSION
There is no doubt about the value of  "mode 1" science and technology. There is no reason to abolish that style of knowledge-produc​tion and the alien​ated pattern of learning. But in terms of growth of knowledge-produc​tion (and increas​ing numbers of students) the future for learning patterns and its institutionalisation is to mode 2 style of knowl​edge-production and the associated mix of learning-ingredi​ents.

This can be accom​plished only through cooperation between univer​sities and business, industry, public services and other knowledge-places. Institu​tional diversity is at the heart of the process. The govern​ment is not the obvious partner, or it has to change its role. The Dutch government has recently devoted money to improve​ education in terms of efficiency ("studeerbaarheid"). There is nothing against it. But it does not contrib​ute to a learning society. Not "studeerbaarheid" (efficiency of learning) is the gateway to a learning society, but active and productive learning in a mode 2 environment of knowledge production. I wish you all the best in this enterprise!
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