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Preface

Improving the quality of science and mathematics education at universities has 
been a task to which governments and tertiary education institutions have commit-
ted. This was the case in Denmark at the end of the 1990s when the Danish 
Government, its Ministry of Research, and a network of Universities gathered 
efforts around the construction and functioning of the Centre for Educational 
Development in University Science. The centre established collaboration between 
seven Danish universities around the teaching and learning of science: Aalborg 
University, Copenhagen University, the Danish University of Education, the 
Pharmaceutical University, Roskilde University Centre, the Royal Veterinarian and 
Agricultural University, and the University of Southern Denmark. The centre oper-
ated during the period 1998-2001, thanks to the generous funding of 35 millions of 
Danish Kroner in total.

The Centre for Educational Development in University Science embraced a 
wide range of educational research and development actives through which the 
practice of university science education was addressed and improved. Areas such 
as mathematics, physics and chemistry education were central. The centre ran a 
Ph.D. programme, which enrolled 12 students who addressed a variety of educa-
tional issues in the subject areas of relevance for the centre. The centre also organ-
ised a series of conferences and seminars aiming at the professional development 
of teaching staff in the institutions associated. The centre financed a number of 
teaching development projects run by university staff in their own institutions and 
classrooms. Many leading scholars from around the world made important contri-
butions to the work of the centre.

The present book emerged from the wide-ranging network of research and 
researchers, established through the Centre for Educational Development in 
University Science. The intention of the book, however, is not to provide any report 
of the research or developmental activities of the centre, but rather to contribute to 
the worldwide concern for analysing both challenges and possibilities for university 
science and mathematics education. Even if the book collects a majority of papers 
by Danish authors working in Danish contexts, the issues addressed by the different 
sections and chapters are of a general relevance for tertiary educational environ-
ments around the world. Furthermore, the dialogue between the Danish authors and 
leading international researchers in the field contributes reinforcing the broadness 
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vi Preface

of the book for an international audience, in a changing world were transitions in 
what is considered to be the core of science and mathematics education in 
 universities are taking place.

We want to thank all the people who have contributed to the completion of this 
volume. Thanks to the Danish Ministry of Research and to Aalborg University for 
providing the necessary funding for editing the book. Thanks to Patricia Perry for 
a careful typographical editing of the manuscript, to Anette Larsen for editorial 
support, and to Anne Kepple for a language revision of several of the chapters. And 
thanks to Marie Sheldon and Kristina Wiggings and other members of the staff at 
Springer for their support and guidance during the edition process.

Finally, we would like to dedicate this collection to the memory of Leone 
Burton, a remarkable colleague and friend who during very many years supported 
our work participating in some of the activities of the Centre for Educational 
Development in University Science, conducting sessions with research students and 
staff in Denmark, and being a critical partner in our previous work and in an early 
stage of production of this collection. We are honoured to publish her paper, prob-
ably the last printed record of her proliferous and pathbreaking academic carreer.

Aalborg, May 2008 Ole Skovsmose
 Paola Valero
 Ole Ravn Christensen
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Introduction
The Multi-Layered Transitions of Knowledge 
Production and University Education in Science 
and Mathematics

Paola Valero, Ole Ravn Christensen and Ole Skovsmose

More than ever, our time is characterized by rapid changes in the organization and 
the production of knowledge. This movement is deeply rooted not only in the evo-
lution of the scientific endeavour, but also and especially in the transformation of 
the political, economic and cultural organization of society. In other words, the 
production of scientific knowledge is changing both with regards to the internal 
development of science and technology, and with regards to the function and role 
science and technology fulfill in society.

Knowledge production has, for some time, stopped being the exclusivity of uni-
versities, founded as bastions and guardians of truth and knowledge. This production 
can now be owned by a variety of institutions and organizations with interests other 
than the production and maintenance of knowledge for its own sake. This general 
social context in which universities and knowledge production are placed has been 
given numerous names: the knowledge society, the informational society, the learn-
ing society, the post-industrial society, the risk society, or even the post-modern 
society (e.g., Castells, 1996, 1997, 1998; Beck, 1992, 1999; Lyotard, 1984).

A common feature of different characterizations of this historic period is the fact 
that we are living the beginning of its construction. Parts of the World, not only of 
the First World but also of the Developing World, are involved in the transformations 
associated with it. There is a movement from former social, political and cultural 
forms of organization which impacts knowledge production, into new, unknown and 
uncertain forms. Of course such an observation may be true for any point in time. 
However, the expansion of information technologies has created global flows of 
knowledge that implicate experts and non-experts in ways that have not been seen 
before. The accelerated pace of technological development and innovation opens so 
many options and possible, unexpected and almost uncontrollable courses of action 
that change, movements and transformations may go in different directions. Our 
awareness of the complexity of the changes in our time does not allow us to see a 
clear end. Somehow it seems that the clear-cut utopias that guided the ideas of devel-
opment and progress in the past are no longer a strong presence, and therefore the 
transitions in the knowledge society generate a new uncertain world.

P. Valero, O.R. Christensen, and O. Skovsmose
Aalborg University, Denmark

O. Skovsmose et al. (eds.), University Science and Mathematics Education in Transition, 1
© Springer Science+Business Media LLC 2009



2 P. Valero et al.

In this context, it is difficult to avoid considering seriously the challenges that 
such a complex and uncertain social configuration poses to scientific knowledge, to 
universities and especially to education in the natural sciences and mathematics. 
It is clear that the transformation of knowledge outside universities has implied a 
change in the routes that research in the natural sciences and mathematics has taken 
in the last decades. It is also clear that in different parts of the world these changes 
have happened at different points in time. While universities in the “New World” 
(the American Continent, Africa, Asia and Oceania) have accommodated their 
operation to the challenges of the consolidation of the New World and, thereby, have 
had a more utilitarian concern, many European universities with a longer existence 
and tradition have moved more slowly into this time of transformation and have been 
responding at a slower pace to environmental challenges. The process of tuning 
universities, together with their forms of knowledge production and their provision 
of education in science and mathematics, with the demands of the knowledge society 
has been as complex as the general transformation that society is undergoing. 
Therefore an understanding of the current transitions in science and mathematics 
education has to consider different dimensions involved in such a change.

We find ourselves, and our universities, to be in a transitional period. In our 
choice of the term transition, we want to signal the idea that universities and their 
knowledge production and educational activities are undergoing a particular type of 
change. We did not want to adopt the term “reform”, since we do not want to con-
vey the idea that changes intend clear improvement of the resulting state in relation 
to the initial state before the implementation of a change. We observe that current 
changes are happening at a variety of levels, from curricular plans, to administrative 
levels, and even at international regulations and harmonisations. It is clear that we 
are leaving “old” practices behind and are entering an era of “new” practices; how-
ever, the multiplicity of transformations blur the horizon of when changes will stop 
and where they will lead to.

Traditionally, educational studies in mathematics and science education have 
looked at changes in education from within the scientific disciplines and in the closed 
context of the classroom. Although educational change in the end is implemented in 
everyday teaching and learning situations, other parallel dimensions influencing these 
situations cannot be forgotten. The understanding is that the actual potentialities and 
limitations of educational transformations are highly dependent on the network of 
educational, cultural, administrative and ideological views and practices that permeate 
and constitute science and mathematics education in universities today.

1 Multiple Dimensions of Change

This book contributes to understanding some of the multiple aspects and  dimensions 
of the transition of science and mathematics education in the current knowledge 
society. There is an increasing awareness of the fact that the actual teaching and 
learning of these subjects are influenced by much more than decisions related to the 
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very same development of the academic disciplines at stake. Social and political 
changes in recent times have triggered reflections about the role of science in con-
temporary, post-modern societies. Science and mathematics may not necessarily be 
conceived as disciplinary ivory towers existing inside the well-protected walls of 
universities. Such reflections have had consequences for the views underlying the 
provision of education in these fields.

Universities themselves have been the targets of administrative changes that 
intend to break the seclusion of knowledge production and put knowledge and 
education at the service of larger social, political and technological changes. These 
changes have also impacted the working frame for academic staff in relation to their 
research activities and, most importantly, in relation to their teaching activity. 
Science and mathematics education in universities are not immune to neither the 
administrative nor the cultural changes that may alter the space of teaching and 
learning.

We will analyze some of the complexities involved in these changes. We have 
defined four inter-related but still different dimensions of change that we consider 
necessary to understand the muti-layered transitions of university science and 
mathematics education.

1.1 Changes in the Processes of Teaching and Learning

First, we consider changes in the processes of teaching and learning. University 
education has symbolized a prototype of the broadcast teaching, where the person 
“who knows” has to present knowledge to those many students “who do not know”. 
Research in higher education has shown that this is still a dominant form of teach-
ing, but many other ways of organizing educational processes are possible and, in 
fact, have been established (e.g., Knight, 2002). In opposition to the teacher-
researcher as the center of teaching model, new forms of organization of learning 
advocate having students at the centre with strategies such as, for example, active 
learning processes around groups of students, or having students involved in the 
choice of study topics. These new approaches to teaching and learning deal with 
situations such as learning through communication and cooperation; learning of 
competencies rather than learning a fixed body of knowledge; the capability to 
address a broader contextual framework for scientific and technical knowledge as 
opposed to purely theoretical problems, etc. In Part I, we shall delve deeper into this 
type of transition in university education and we therefore start this book at ground 
level where the actual learning and teaching processes are the focal point.

In the late 1960s the students’ movement provoked an impact, at least in some 
universities in Europe. The broadcast teaching model, concentrated on specific 
content matter issues, was challenged by an anti-authoritarian approach to learning 
where students claimed the centre of attention and where social problems were the 
preferred starting point of any learning process. This activist approach to the use 
and development of knowledge was, in some universities, organized as project 
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work with the problem submerged and the students working in groups with the 
teacher acting as supervisor or even group member. Problem-based learning was 
one manifestation of this process and groups of students now produced large 
reports on real world problems as opposed to the formerly exclusively in depth 
studies of theoretical constructs. This anti-authoritarian approach also had implica-
tions for how the processes of learning and teaching was organized in science and 
mathematics education. The problem-based approach did not put emphasis on 
schooling into the traditions of a particular discipline. It was an interdisciplinary 
approach, which implied that disciplines merged together. Aalborg University, in 
Denmark, is an example of this development. Kolmos (Chap. 12) presents an over-
view of the experience of organizing university education in science, technology, 
engineering and mathematics in this particular institution. Aalborg University was 
founded on the activist principles mentioned above and based on the problem-based 
learning approach (PBL). Although the development of these ideas in practice has 
been very complex – and far from a smooth road – it has opened a space for mixing 
science and mathematics education with engineering, giving this new university of 
the 1970s a different profile from the older and often more traditional universities 
in Denmark.

There have been several phases in the development of the PBL approach. The 
first can be considered an exploratory one, where the original more political and 
radical view of education opened for new directions in university education. For 
instance, with respect to mathematics, a guiding idea was to pay particular attention 
to the applications of mathematics in real-life situations, and to the investigation of 
the functions of mathematical modelling in different contexts. A second phase was 
one of consolidation. Many routines were established. Examinations took a particular 
form. New students found both new educational practices that needed to be under-
stood, and it was possible for them to find some traditions they could relate to. 
Teachers adjusted to play the role of supervisor and found their own way of manag-
ing the normally very time consuming supervision processes. Furthermore, the 
public critique of this “leftist form of university study” faded away. If one could 
talk about a third phase it could be characterized through the recognition of the 
efficiency of the PBL-approach. Thus broader empirical investigations indicated 
that candidates that had gone through a PBL-based university education had com-
parative advantages to their peers who graduated from traditional universities, when 
observed in complex work situations. A demand for professional scientists, math-
ematicians and engineers with a PBL-profile developed rapidly. The recognition of 
the PBL-approach has been further documented through comparative studies show-
ing that education in a topic like mathematics was completed in a more efficient and 
competent way within a PBL-approach than within a traditional lecture format. The 
PBL-approach apparently squared nicely with the demands of the labour market in 
a knowledge society. However, many found that the price of this apparent success 
was too high, namely the renunciation of the political and critical elements so 
prominent in the first phase of the PBL-approach. Others, in particular at the early 
stages of implementation in the 1970s, found that the level of depth in theoretical 
knowledge dropped. These discussions in favour of and against PBL are all still 
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alive and are part of the make up of institutions where there is an organizational 
policy in favor of alternative educational forms. In that aspect the changes in teach-
ing and learning practices related to PBL in Denmark do not differ much from other 
types of initiatives in other countries (Bowden, Chap. 9).

Today science and mathematics education are facing a huge challenge in forming 
a new idea and vision that can capture the attention of young university students. 
In some places the influences of the reforms of the 1970s are more vibrant than 
ever, while in other places they seem to be fading away. Thus the idea of conceiving 
students as central actors in educational processes in universities is still a very influ-
ential perspective. This involves allowing students to take initiative in their learning 
processes as well as enabling teachers to stimulate such initiative. Mason (Chap. 1) 
engages this discussion by making explicit the assumptions on which it is possible 
to envision a teaching and learning situation where people’s thinking power can be 
activated and activated into “productive ways of working”.

Another developing theme in teaching and learning processes today is assess-
ment. New and innovative approaches to assessing science and mathematics 
courses that transcend traditional written or oral exams are studied more than ever 
(e.g., Poulos and Mahony, 2008). The importance of assessment as a main determi-
nant of learning and teaching processes is illustrated by Grønbæk, Misfeldt and 
Winsløw (Chap. 4) who analyzed the effect of a teaching intervention, focusing on 
the impact that the designed assessment had on the evolution of the didactical con-
tract between students and teacher in a third semester mathematics course. The 
renegotiation of traditional expectations and learning activities – what counts in 
order to obtain a good grade – is one of the most interesting observations in this 
study. There is the hope that, as changes in assessment occur in other classrooms, 
the renegotiation of the traditional university didactical contract will become a 
noticeable phenomenon beyond the particularity of this classroom.

Troelsen (Chap. 3) and Eriksen (Chap. 2) further exemplify what such engage-
ment could look like. Troelsen explores the meaning that laboratory work in chem-
istry education could have, theoretically and in practice, if reflections about student 
competencies are taken into account. In a “reflective society of knowledge” labora-
tory work should contribute to the development of analytic and cooperative compe-
tencies that cannot be secured by traditional, procedural and syllabus-oriented 
laboratory work. The concept of competencies becomes central in a design of alter-
native laboratory practices for students. Krageskov Eriksen is concerned with the 
social role of science in a context of reflective modernity and of a risk society. A 
key concept for understanding the development needed in science education to 
match this (changing) social role of science is reflectivity. Therefore, Eriksen pro-
poses an operationalization of this concept in a manner that renders it constructive 
in the tertiary science education context, more particularly, in chemistry 
education.

Hence, in the first part of this book, different perspectives on the recent and 
future developments in learning and teaching processes at universities are dis-
cussed, hence contributing to the development of new visions for the learning processes 
in science and mathematics.
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1.2 Changes in Academic Cultures

Secondly, we consider changes in academic cultures in universities. The notion of 
academic culture refers to the espoused priorities and discourses which set the 
scene for educational priorities in relation to the academic communities involved in 
transformations (Hasse, Chap. 5). Which views of knowledge and science underlie 
the way academic staff engage in educational processes? What is considered to be 
relevant to bring into science and mathematics education? What is considered 
legitimate scholarly criteria for scientific and educational quality? What are consid-
ered to be collective principles for teaching and learning? Who defines such priori-
ties? Culture, understood in the broad sense as a set of collective values which are 
constructed through and which simultaneously emerge from practice, becomes an 
important category for understanding the transition in science and mathematics 
education. In university settings, different academic cultures overlap, integrate and 
also conflict with each other.

According to Snow’s Two Cultures (published first time in 1959), two cultures 
of knowledge production seem to drift apart in the Western World. Snow refers, on 
the one hand, to the culture of the humanities and, on the other hand, to the aca-
demic cultures developed around the natural sciences. He describes how this cul-
tural division was acted out even at high tables at the colleges in Cambridge. The 
topics for the dinner talk were completely different, depending on which of the two 
cultures was setting the scene. It was not easy to establish any dialogue across this 
cultural gap. One could assume that this cultural gap was a Cambridge phenome-
non, but it appears to be running across all university campuses. Snow sees this 
cultural gap as a problem of the “entire West” and he believes that “the intellectual 
life of the whole of Western society is increasingly being split into two polar 
groups” (Snow, 1969, p.3). As we will see the situation might turn out to be much 
more complex.

The gap between the way in which the world is conceived from the perspective 
of the humanities and from the natural sciences establishes a profound condition for 
today’s educational changes, at least in some parts of the world. Hasse (Chap. 5) 
really goes into the depths of the study of the culture of professional university 
physics in the Nordic countries and in Southern Europe. She shows how, in 
Northern Europe – Scandinavia and also the UK – physics is considered masculine 
and incompatible with human science. The discipline is placed in an untouchable 
ivory tower of “hard elitist science”. This finding resonates very well with Snow’s 
cultural divisions of the corridors in the traditional British universities. The situa-
tion, though is quite different the further South and East one goes: “In the Southern 
part of Europe general cultural conceptualizations of physics seem much less con-
nected to gender. Physics is more integrated with the general cultural history and is 
not seen as a particularly “hard discipline”. Hasse’s analysis leads her to wonder 
whether challenging an internalist view of science and acknowledging its embed-
dedness in culture could open possibilities for envisioning new more gender-sensi-
tive, responsible ways of doing science. The result of such other forms of science 
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could eventually be breaking the gap of cultures in universities, a point also shared 
by Harding (Chap. 14).

It is clear that many of the issues related to the cultures of science and mathe-
matics reside in the characteristics of the internal practices of those who do 
research and teach in these areas: the university staff. An important element of 
innovations and changes in the way the disciplines reproduce themselves both in 
research and in the education of the younger generations concerns the education 
of academic staff. The disciplinary training and expertise of staff in their particular 
field of research is one of the dimensions at stake here. However, that dimension 
is not the focus in this book. Rather, we are interested in the qualifications that 
elate to the staff’s competence to lead educational processes for their students, and 
their ability to engage the breadth and complexity of the teaching situation. This 
engagement involves discussions on the pedagogical priorities of the academic 
staff including their conception of good teaching and proper university education. 
Kruse, Nielsen and Troelsen (Chap. 8) exemplify views among university staff 
about what constitutes good teaching, and highlight five interconnected points: 
Mastery of and strong knowledge about the subject matter, mastery of pedagogical 
skills for communication, management of interpersonal relationships, connection 
between research and teaching areas, and position of a favorable personality for 
teaching. An interesting question to pose to this finding is the extent to which 
these five points reflect the priorities and values of academic cultures, and how 
these points emerge as a type of shared idea of good teaching among young uni-
versity staff.

However, there are many more cultural issues to be aware of in relation to university 
education. One could argue that academic cultures are influenced by external pres-
sure from a business culture that talks the language of “surplus”, “productivity” and 
“effectiveness”, while university staff would rather talk in terms of “truth”, “insight” 
and “knowledge”. In addition, the culture of globalization has also created a new 
international cultural mix, which challenges the previously national perspective of 
universities by the demand for internationally targeted education, and by the need 
to attract students from all over the world to programmes of study. One could 
mention the emergence of a new youth culture, which adds to the cultural diversities 
within universities, when seen from the perspective of the diversity of competencies, 
interests and expectations that students bring into their studies. It is certainly 
necessary to talk about different cultures at the university, but hardly about just 
two cultures and one gap. It seems to be more appropriate to talk about numerous 
sub-cultures and several cultural gaps when we engage in university education 
 studies today.

An example of another cultural gap concerns the differences between the science 
and mathematics learning cultures and the workplace culture that students will later 
on engage with. Here the central issue might be thought of as differences in general 
working conditions. The time schedule for studying may be quite incomparable to a 
work-place schedule. What might be a good solution in the academic culture may be 
highly problematic in a workplace culture, for instance, with respect to consumption 
of time, resources used, patents owned etc. Furthermore, the differences in academic 
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and workplace cultures can also be acted out in very specific ways. For instance the 
ability to use a certain concept or technique may be quite dependent upon the particu-
lar context of its use. Some criteria could dominate the academic use while quite 
different ones may be applied in a workplace context. Roth (Chap. 6) presents an 
elaborate example of this phenomenon where he addresses the issue of whether it is 
feasible to suppose that key scientific competences such as reading graphs is a general 
abstract competence that can successfully be put into operation in any kind of graph-
reading situation. His research with scientists in universities and in workplaces shows 
that graphing competences are highly dependent on the work practices people engage 
in. Here the term “work” also applies to the work environment of scientists in univer-
sities and their practice in a particular field of knowledge. Roth’s analysis reveals 
clearly that scientific work, thinking and competencies are as immersed in cultural 
practice as any other type of activity and practice one could think of. Roth calls for 
the need to turn university science education so that it becomes possible for students 
to develop practice-bounded “knowledgeability”.

With respect to a particular scientific discipline it is also possible for cultural gaps 
to emerge. On the one hand one can consider how researchers within a field of study 
are formulating new theories and constructing new knowledge. One could talk about 
“logic of discovery”. On the other hand, one could consider how the curriculum is 
structured within university courses. This structure reveals “logic of representation”. 
These two logics are different and it is often claimed that they have to be so. Thus, it 
is pointed out that the student must come to master the discipline through “logic of 
presentation” in order to, later on, be able to master “logic of discovery”. This cultural 
split within a discipline has been pointed out by Burton (Chap. 7) with respect to 
mathematics. Burton differentiates between the “culture of mathematics” – the 
aspects of mathematics which are identifiable as discipline-related and that are part 
of the value set that a participant in that culture needs to be acculturated into – and 
the “mathematical culture” – the set of socio-political attitudes, values and behaviours 
that, in situations of communication around mathematics, shape how mathematics 
practitioners experience mathematics. The very interesting observation emerging 
from Burton’s work is the fact that there seems to be contradiction between what 
mathematicians express about the culture of mathematics and what can be observed 
about the mathematical culture. A great challenge for groups of mathematicians in 
universities is, therefore, to transform their communication practices around mathe-
matics, particularly in the settings of teaching and learning of new apprentices of 
mathematics, if a more accessible, “humanistic” mathematical culture – to borrow 
Hasse’s term (Hasse, Chap. 5) is to be developed in universities.

1.3 Structural and Administrative Changes

Thirdly, we consider structural and administrative changes. Hence, we take a step 
back and try to understand why and how universities are under structural and 
administrative transition. Universities have a long history, and, at least previously, 
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they have taken up the position as society’s most sublime centre for knowledge 
production. In the classic university, associated with the Humboldtian tradition, 
the main aim was to produce knowledge, and to do so independently of particular 
interests be it religious or economic. The practical aspect of university production 
was associated with the graduation of candidates, who could, on the one hand, 
bring knowledge to the world outside the university, and, on the other hand, feed 
the reproductive system of academia. Today the picture is much more complex, 
and new demands for the type of knowledge to be developed by universities have 
come to play a decisive role in the organization of knowledge production and 
education. Krogh (in press) analyzes the current wave of transitions in European 
universities, within the context of the general frames for the development of 
Europe, within the global, informational society. First, Krogh notes that the 
European Union has given the university a very clear role in relation to economic 
growth:

The knowledge economy and society stem from the combination of four interdependent 
elements: the production of knowledge, mainly through scientific research; its transmission 
through education and training; its dissemination through the formation and communica-
tion technologies; its use in technological innovation. At the same time new configurations 
of production, transmission and application of knowledge are emerging. [. . .] Given that 
they are situated at the crossroads of research, education and innovation, universities in 
many respects hold the key to the knowledge economy and society (Commission of the 
European Communities, 2003, p. 4, cited in Krogh, in press)

The Bologna Declaration (European Ministers of Education, 1999) has been 
preparing the terrain for the realization of the vision expressed in 2003. A reform 
towards transparency and quality that can secure mobility of students between 
European universities has been complemented by a series of European initiatives 
supporting changes in the administration and competitiveness of universities. 
It is in this scenario that current transitions, at least in Europe, could be under-
stood. One example of these structural changes is the reform of leadership and 
administration. “Old European” universities have a long tradition for a certain 
degree of democratic organization. The heads of departments, the Dean and the 
Rector have normally been elected among colleagues, which establishes a 
degree of collegial solidarity. However, the trend of new management has estab-
lished new procedures and accountability systems: the Rector has to be appointed 
by a board of trustees; the Dean by the Rector; and the heads of departments by 
the Deans. This top-down structure has serious implications for the organization 
of both the content and form of the university education, as Horst and Laursen 
(Chap. 10) illustrate.

This new structure is reflective of a clear alignment with economic and indus-
trial interests, as discussed above. As a consequence, research at universities 
becomes measured in terms of newly invented scales of productivity. New account-
ability systems, meant to measure the effectiveness and productivity, are set in 
operation. These systems identify a way of carrying out input-output analysis. The 
input can be measured in terms of money allocated to the different institutions, 
research programmes, research groups, etc. The tricky thing becomes how to measure 
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the output of academic activity. A first manageable but rough measure would be to 
turn output into numbers of publications written, the number of students going 
through studies successfully, the amount of Ph.D. degrees conferred on time, the 
amount of money raised for research purposes from private funds, etc. When one 
can measure output, then one has established a better grip of managing research and 
education according to business principles. When research becomes to a larger 
extent financed by industry and institutions with particular interests, it is not sur-
prising that a management turn is taking place. This turn reveals an intensive inter-
action between power and knowledge. It is a turn, however, that has not been 
requested by the research or educational communities.

Science and mathematics education at university level is now operating within a 
complex set of interests, which really stress what to include in the curriculum. This 
demand is being set in operation, at least in Denmark, by correlating the funding of 
the universities with the degree to which the candidates from the universities find 
jobs. Furthermore, there are huge demands for labelling students and candidates 
according to their competencies, which should be declared in a way that is transparent 
for the (international) knowledge market – in the European sphere according to the 
criteria of the Bologna Declaration.

In his reflections on the structural university reforms that he has witnessed dur-
ing the last 30 years in Australia and some other English speaking countries, 
Bowden (Chap. 9) points to the fact that none of these changes have resulted in any 
substantial improvement of the educational settings that students experience, even 
though the initial justifications for most of these changes are precisely the improve-
ment of quality of the provision of education. The reason for this might be that 
many of the external structural demands, which we have described above, obstruct 
qualitative improvements in university science and mathematics teaching, rather 
than promote significant betterments.

Laursen and Horst (Chap. 10) present a particular and local example of how a 
structural reform has been implemented in the Faculty of Sciences at Copenhagen 
University, and they discuss to what extent its results have been beneficial for creat-
ing better frames for student learning. On the other hand, Rump and Winsløw 
(Chap. 11) argue for the need of educational reforms that have a lasting impact. 
They consider how tertiary didactics can be beneficially implemented in a Faculty 
of Science by a combined local and global approach.

1.4 Changes in the Conception of Science

Fourthly, we consider changes in the conception of science, in particular concerning 
the relationship between scientific development and social development in general. 
From the perspective of Modernity, one could claim that science and mathematics 
especially stemming from university departments represent genuine knowledge 
that will emancipate humanity from traditional and religious pre-scientific knowl-
edge and belief systems of the past. This is the narrative told by the Enlightenment 
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Movement and by social theorists such as Karl Marx and Georg Wilhelm 
Friedrich Hegel. However, the role of scientific knowledge in society now appears 
much more complex, and we witness social uncertainties and risks which might 
be produced by science. We experience how science gives multiple conflicting 
answers to many questions, and we are constantly faced with scientific inventions 
that while being effective in one area have less beneficial side effects in others. 
Many of the chapters in this book address these issues, since they are at the back-
ground of the educational, cultural, and structural changes in university science 
and mathematics education.

Scientific knowledge is in a transitional period from originally being something 
shared as everybody’s property for the common good of humankind to being a pro-
tected product, for instance through rules of patenting, in order to be distributed to the 
market. This transition does not only suggest that university faculties put a price on the 
knowledge produced. The changes are much more radical as the very organization of 
university research and education are being transformed. Knowledge that is usable and 
can perform in practice will win the competitive race for research funding. This means 
that the emergence of “new sciences” (like nano-science, health-science etc.) finds new 
prosperous ways of challenging – and sometimes even displacing – the old academic 
disciplines in university structures and changing them into competitive fields of 
research – probably engineered by the vision of the EU mentioned above (Commission 
of the European Communities, 2003). In the early 1970’s Jean- François Lyotard was 
one of the first thinkers to recognize this development. He termed it the “postmodern 
condition” for knowledge (Lyotard, 1984). Whether or not the change should be 
termed postmodern, there is no question that we are witnessing a dramatic change in 
the conception of science. The assumed everlasting knowledge, as developed by the 
geniuses of the break through of Modern Science like Isaac Newton, Johannes Kepler 
and Galileo Galilei, is no longer the prototypical form of scientific development. 
Instead, new products for the market that are made available through technological 
innovation are what constitute the power of science. The “new sciences” are part of 
this process and suggest deep conceptual transformations in our understanding of what 
science and knowledge are (Christensen and Hansen, Chap. 13).

One of the assumptions of Modern Science, which has provided a protecting 
myth, is that science and mathematics are operating in a neutral domain guided by 
the criteria of quality of pure research. However, we are in a situation where we 
must acknowledge the complexities of knowledge fabrication in relation to all 
kinds of social, political, economic and even cultural interests (Harding, Chap. 14). 
The classic discourse about the internal qualities of research is challenged by a 
discourse about research productivity. The big issue at stake is whether scientific 
cultures within universities are being consciously responsive to the challenges that 
such change represents to the conceptions that science practitioners themselves 
hold about their scientific endeavour. One of the points that scientists and research-
ers on the sociology of science have under-estimated is the consequence of the 
dominance of Western, androgenic assumptions in science. Gender studies in science 
– such as Harding (Chap. 14) and Hasse (Chap. 5) – can still interrogate the role of 
the scientific enterprise in the world today.
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Another different but related issue is whether these changes impact educational 
possibilities and conceptions in mathematics and science studies. Skovsmose 
(Chap. 15) argues the need for a “critical professionalism” to be part of university 
studies. Critical professionalism refers to the awareness, on the part of the science 
practitioner, of the connections between particular fields of knowledge and other 
fields, of the fact that scientific and mathematical knowledge are bounded to social 
action, and of the ethical dimensions of producing and applying scientific 
 knowledge. Critical professionalism for Skovsmose is one of the main competences 
of scientists in a time of uncertainty. This observation resonates with Bowden’s 
observation (Chap. 9) about the need to generate in students a capacity to tackle not 
what is known and familiar, but what is unknown, uncertain and, probably, 
unpredictable.

2 About This Volume

As seen above, the current transition in university science and mathematics education 
is a multi-layered process where changes are happening simultaneously across several 
dimensions and in several spaces. Covering such a vast landscape exhaustively would 
be almost impossible. Therefore, when organizing this volume we did not envision an 
organization that could represent a logical flow of argumentation through the different 
chapters. We collected a series of papers that based on particular experiences in particular 
contexts, open critical points of debate about the multiple predicaments that university 
science and mathematics education face at the moment.

The fact that most of the authors belong to Danish universities does not bind the 
discussions raised to the context of Denmark. We have invited authors to transcend 
national boundaries and to link their experiences to more general trends that are 
common to many other countries in the world, and to many other university envi-
ronments. The conversation with experienced researchers in science and mathemat-
ics education in Australia, Canada, the United Kingdom and the United States 
broadens the perspectives presented in the collection.

Finally, we have spoken generally about science and mathematics education. 
Nevertheless in this book we address more directly three classic domains of uni-
versity education, namely, mathematics, physics and chemistry. We let “science” 
function as a general label, being well aware that one could claim the importance 
of making a distinction between, on the one hand, mathematics as being a formal 
science, and, on the other hand, physics and chemistry as belonging to the natural 
sciences. The considerations and reflections in this book might in many cases be 
more general, and therefore be pertinent to other domains such as biology, com-
puter science, statistics, bio-chemistry, etc. We are well aware that a claim of 
generality can always be contested by other observations. But we take that fact as 
a compliment if, reading this book generates further reflections about the transi-
tions in other fields.
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Part I
Changes in Teaching and Learning 



The issue addressed in this chapter is age-old: How can learners be stimulated to 
move from assenting (passively and silently accepting what they are told, doing 
what they are shown how to do) to asserting (actively taking initiative, by making, 
testing and modifying conjectures, and by taking responsibility for making subject 
pertinent choices). How can learners be provoked into actively working on and 
making sense of the ideas and techniques that they encounter, and how can this 
cultural ethos be fostered and sustained?

I use the term asserting because of the assonance with assenting, but also 
because it signals that the learner is taking initiative and making significant choices. 
It is not intended to indicate that learners become either arrogant or garrulous. 
Much of the most desirable assertive behaviour is internal, and need not have visibly 
overt external behaviour. It involves taking initiative, taking control, making 
choices, and becoming independent.

One of the reasons often given for assenting or passive stances taken by students 
is the fact that they are immersed in a culture of testing, so that their focus is on 
being told what they have to do to pass the next test. In other words, it is to be 
expected that in a culture of testing you get test-oriented (assenting, passive) behaviour. 
However, in this chapter the claim is made that it is perfectly possible to develop a 
culture of seeking to understand, and more, a culture of enquiry, within any testing 
regime. The way to do this is to evoke, support and develop learners’ use of their 
own natural powers of sense making.

The chapter describes some of the most fundamental powers which all learners 
possess and have already used before coming to class, but which may have been put 
to one side due to previous experiences of being taught which failed to make use of 
these powers. Identification of these powers comes from reflecting on personal expe-
rience informed by the seminal insights of Pólya (1962) and Gattegno (1970) and 
developed over many years since Mason et al. (1982). The chapter also suggests 
tactics which have been used by teachers to get learners to make use of those powers, 
in contrast to teachers unwittingly doing the real work for learners, whether in plenary 
sessions, in tutorials or in informal learner discussions through an unconscious 
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 decision to “push things along a bit”, “get to the end of the lesson on time”, or “helping 
learners to understand”. The tactics are equally applicable to lectures, tutorials, 
problem-based sessions and the use of Information Communication Technology 
(ICT). In each case there are forces acting to increase passivity that need to be coun-
tered through suitable choice of teaching tactics and the development of a culture that 
overtly values learners taking initiative.

Promoting active rather than passive learning can be expressed in terms of the 
development of personal agency and identity. The chapter draws upon studies of 
similarities and differences between Confucian and Western views of education to 
try to locate a common core of personal agency, which straddles the two traditions.

1.1 Assumptions

Before describing powers and strategies, it may be helpful to articulate some salient 
assumptions on which the chapter is based.

1.1.1 Assumptions About Human Beings

Human beings are seen here as naturally active construers of the sense impressions 
which they experience. They possess not only fundamental powers for dealing with 
these impressions, but also a fundamental curiosity or drive to want to make sense 
of them. When learners are encountered who seem to want to sit passively and learn 
by rote, then it is because they have been trained or acculturated to act this way. 
Nevertheless it is still possible to engage such learners, to provoke them into activ-
ity, by refusing to amplify their tendency to want things packaged and painlessly 
injected. Instead of trying to “do the learning for them”, teaching can be exciting 
and stimulating by taking as its core purpose the provocation of learners to activate, 
become aware of, and develop their natural powers through encounters with perva-
sive mathematical and scientific themes.

This chapter takes an overtly constructivist stance, combining aspects of both psy-
chological and social constructivism. Learners are seen as active agents (though the 
level of activity may be below desired thresholds!) whose psyche consist of the inter-
weaving of behaviour (enactive), emotional (affective) and intellectual (cognitive) 
strands through the exercise of will, and who are embedded in a social milieu in which 
colleagues and teachers display practices which are adopted and adapted by learners.

1.1.2 Assumptions About Cultural Heritage

Covert activity, in which the learner is assembling and internalizing what is being 
offered so as to engage deeply with it subsequently is all too easily confused with 
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actual passivity, in the sense of “waiting to be told what to do and explicitly how 
to do it”, and “taking as little initiative as possible”. For example, in the Confucian 
tradition, “human self-perfection [is] pursued as the highest purpose of life through 
personal commitment to learning” (Lin, 2004, pp. 129–130). Whereas in the West, 
rote memorization is seen as an end in itself, an attempt to minimize effort and 
simply regurgitate what has been “taught”, the Confucian heritage sees commit-
ment to memory as simply the first of a sequence of four phases. Memorized 
passages are interrogated for intention, style and meaning, and then applied to other 
situations in order to test it out in experience. This moves into critique and modifi-
cation so that what was “memorized” is internalized and integrated into the learner’s 
functioning (Lin, 2004, p. 131).

At the heart of both Western and Confucian heritage approaches to teaching and 
learning lies initiation into productive “ways of working” on science and mathe-
matics, whether in the classroom or in the world outside. The tactics proposed in 
this chapter serve to activate and intensify activity corresponding to the later phases 
of the Confucian approach, but right from the beginning without depending on an 
initial phase of memorization.

1.1.3  Assumptions About Mathematics and Science 
and Their Didactics

Mathematics and science, as bodies of knowledge occupy what Popper (1972) 
called the “third world” of accounts lodged in libraries. However, these accounts 
are at best the expression of how someone else’s attention was altered in its struc-
ture. They indicate subject specific sensitivities to notice and dispositions to act, 
and characteristic ways of acting. What the authors attended to, and how they 
attended, are evidenced only through what they were then able to express as a 
result, through the manifestation of their behaviour, itself usually refined and dis-
tilled. To make use of these accounts it is necessary for readers to experience 
transformations in the structure of their own attention, even if only vicariously and 
in their imagination.

Mathematics and science are both seen here as activities, as ways of thinking 
and acting in the world. Facts and figures are accumulated and rehearsed while 
engaging in pertinent activity. While learners sit passively, accepting and assenting 
to what they are told or shown, taking notes to “learn” later, they are not actually 
doing mathematics or doing science. Certainly they are not developing their powers 
of thinking mathematically and scientifically, to make mathematical and scientific 
sense of the world.

How then can learners be provoked into taking initiative, into making use of and 
developing their natural powers, into anticipating what is coming rather than rush-
ing to catch up with what is being written on a screen in front of them by an expert? 
How can they be acculturated into developing both disposition for, and familiarity 
with productive ways of working on scientific and mathematical phenomena?
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1.2 Phenomena

An incident or situation can only become an instance of a phenomenon when some 
boundary is drawn around it, when some aspect is discerned and fore-grounded. 
This stressing and consequent ignoring is the basis for abstraction, as Gattegno 
(1987) pointed out. It is one of the basic powers which human beings possess, but 
it can be all too easily subverted and parked if not used effectively. Mathematics, 
physics and chemistry all arise from becoming aware of characteristic situations as 
a phenomenon, of discerning details and relationships which comprise that phe-
nomenon, and seeking underlying mechanisms to explain or account for the apparent 
relative invariance which constitutes that phenomenon.

1.2.1 Phenomena Encountered in Teaching

The following generalized incidents are intended to be generic examples of 
experiences in teaching, which, if they speak to experience, constitute phenomena 
encountered in teaching.

Some learners attend a laboratory and follow the instructions as a recipe, finally writing up 
what they measured or observed. They can only assent to what they are told to do, and try 
to do it as faithfully as possible.

• For example, I discovered as a first year undergraduate that my father had 25 
years earlier attended the same physics laboratory sessions and written up the 
identical experiments. Indeed neither the descriptions nor even the equipment 
had changed! Consequently I was able to find out in advance what each experi-
ment was supposed to show and what the results were supposed to look like. 
I learned nothing about doing or constructing experiments.

In some cases, however, learners are required to design (at least parts of) a labora-
tory experiment for themselves in order to resolve some stated question. They are 
not permitted into the lab until the description is deemed acceptable from a safety 
as well as a scientific standpoint. This is becoming standard practice in science, and 
supports a move to asserting rather than mere assenting.

Some learners sit in rows waiting to be told what mathematical or scientific procedures and 
facts they need to know. They naturally want to minimise their investment of energy, particu-
larly when the ‘subject’ is peripheral or seen as at best a necessary tool rather than as a central 
element of their discipline. They are in a transition phase waiting to acquire a ‘license to 
practise’ in their discipline in the world beyond education. They assent to what they are given 
and asked to do, but have no thought to take initiative or to do more than requested.

In some cases, however, learners are actively engaged in trying to make sense of 
phenomena. They see their courses as a means to achieve this, and they apply themselves 
actively to everything they encounter. They assert themselves in and through their 
engagement. Nevertheless, sometimes the going gets tough, the ideas complex, and the 
techniques unclear or complicated and multi-phased. Learners revert to minimising 
effort, looking for ‘what they need to do’ to pass the course. They assent to the practices 
of the system.
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Underlying these phenomena is a pervasive theory of learning: if learners complete 
most of the tasks they are set by the teacher, to a reasonable standard, then the 
requisite learning will have taken place. Educationalists have railed against this 
attitude for as long as teaching has been written about. For example:

• Plato (Laws VII 819b-c, in Hamilton and Cairns, 1961) complained about the 
teaching of arithmetic, and many of his dialogues are explorations into what 
learning is and how it can be promoted.

• Spencer (1878, p. 28) complained about generalizations such as definitions and 
rules preceding exposure to cases, and that telling or showing does not teach 
how to observe.

• Whitehead (1932, p. 7) coined the expression inert knowledge to describe the 
central problem of education, which he saw to be the problem of keeping knowl-
edge alive (assertive).

• Brousseau (1984, 1997) elaborated the notion of an implicit didactic contract 
which produces an inescapable tension: the more precisely the teacher indicates 
the specific behaviour being sought, the easier it is for learners to display that 
behaviour without actually generating it from understanding.

• Harré and van Langenholve (1999) used positioning theory to articulate the 
ways in which people are both positioned and position themselves into taking 
different roles at different times, through sometimes delicate social interaction.

The task of teaching is to create conditions in which the doing of set tasks will lead 
to activity that promotes active construal rather than simply “getting answers”. Inner 
pondering and solitary work, discussion occasions this construal with colleagues, 
and interaction with a teacher (relative expert). The teacher’s task is to call upon and 
make use of learners’ natural powers of sense making in any or all of these milieux. 
The next section elaborates some of those powers and proposes ways of constructing 
tasks, which can lead to fruitful and pedagogically effective activity and interaction 
between learners and between learners and teacher. The suggestions sketched briefly 
here are elaborated in Mason (2002a).

1.2.2 Learning Phenomena

One of the observable outcomes of effective learning, and hence of effective teaching, 
is an enhanced and enriched disposition to notice phenomena in the material world 
to which mathematical or scientific thinking can be applied. For example:

• People often beat egg whites to create a foam, but what happens when you beat 
them, and why does it sometimes collapse and sometimes not?

• People often take showers where there is a soft curtain, and as the water is turned 
on, the shower curtain moves inwards towards the water flow and the person’s 
legs, but why not ask yourself why?

• People are aware that the moon is sometimes visible and sometimes not, but 
when can you see a vertical half-moon (the terminator is parallel to your body 
as you stand and look) and can you ever see a horizontal half-moon?
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• People often go through double doors, but why is it that if you open both doors 
at the same time for someone, the gap takes longer to become wide enough for 
them to get through than if you only open one door?

• People expect businesses to have pricing policies, but themselves are only inter-
ested in the price they are offered: the entrepreneur uses algebra, the customer 
uses arithmetic.

Incidents like these only become phenomena when someone becomes aware of a 
(potential) repetition and then isolates those features that are common to various 
incidents. Becoming sensitized to notice such opportunities, even if they are not taken 
up, is to become more mathematical or scientifically assertive, in the sense of 
engaged with and contributing to the community. Some forms of teaching are more 
effective than others at promoting such a disposition (Boaler, 1997). Lin (2004, pp. 
134–135) points to differences between Western and Confucian heritage learners in 
this respect. The former emphasize activity as the origins of learning, through prob-
lem solving, and depend on suitable and compatible teaching resources. The latter 
value and emphasize “heart and mind wanting to learn”, “seeking knowledge” and 
opting for both breadth and depth. Both are aimed at active agentive conditions rather 
than passivity, but they are expressed differently.

1.3 Powers

The idea of people possessing powers has ancient roots in Indian psychology. In 
the west, Spencer (1878), Montessori (1912), Gattegno (1970) and Krutetskii 
(1976) among others all referred to them in the development of their specific 
approaches to teaching and learning. My observations have been inspired and 
informed by Pólya (1962), and confirmed and developed by my own observations 
and reflections over a period of nearly 40 years. The powers elaborated here have 
been chosen because they are, in my experience, the core powers that are used both 
to make sense of mathematics and science and to make mathematical and scientific 
sense of the world. My aim is not to be comprehensive, because such a list would 
then become unwieldy. Rather my aim is to draw attention to key powers, which, 
though on the one hand perfectly obvious to any mathematician and probably to 
any scientist, are on the other hand, often overlooked and not made use of fully in 
pedagogic and didactic settings.

• Imagining and Expressing
• Specializing and Generalizing
• Conjecturing and Convincing
• Focusing and De-Focusing Attention
• Organizing and Classifying

Gattegno (1988) proposed the notion that, in a manner of speaking, by responding to 
sense impressions the soma constructs its brain, or as others might say, brain struc-
ture co-emerges as sense impressions and soma co-operate. Connections are made as 
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the soma attends, and attention becomes possible due to brain connections forming. 
Mason (2007) elaborates the claim that these powers are demonstrated by new-
borns, and form the basis for effective participation in and action upon the material 
world. The aim here is to elaborate how these powers are the key to getting learners 
to engage with mathematics and science.
Sense-making powers are activated when learners experience some sort of distur-
bance: expectations are revealed when something happens which produces surprise 
or when some task presents a challenge because it cannot be accomplished through 
the routine use of habits. This notion of disturbance as the impetus to learning also 
has a long history. Piaget (1971) used a biological metaphor (assimilation, accom-
modation and equilibrium seeking), Wertheimer (1945) recognized disturbance 
explicitly as the source for activity leading to learning, and Festinger (1957) made 
disturbance the core of his notion of cognitive dissonance.

1.3.1 Imagining and Expressing

The power to imagine and to express what is imagined through movement, pictures, 
words and symbols is fundamental to human functioning. This power permits us to 
imagine what is not present even when not being physically possible. It also permits 
the use of sophisticated language. Mental imagery is also the means we use to har-
ness the energies produced by our emotions, by mentally imagining ourselves in 
future situations and carrying out actions as we intend. Indeed Norretranders (1998) 
concludes that consciousness lags behind and interprets behaviour rather than 
directing it, reinforcing ancient psychological insights that mental imagery as a 
planning device acts as the reins to direct emotions. It is what we use in order to 
plan and prepare for the future. It is how we tell stories and how we communicate 
with others. “Imagining” is taken here to encompass virtual sensations of any mode 
or combination of modes, including sight, sound, taste and smell, touch, and a more 
generalized “sense-of” which is not directly attributable to any particular mode.

Expressing what we imagine produces communication of many different forms, 
including both science and art. Education is constantly confounded by trying to 
identify what is imagined (understood, appreciated) with what is expressed, for 
example in the act of assessing learners. Just because someone does something in 
one situation (say on a test), it does not follow that they either can or will think to 
do it, much less do it, in another context. Hence the notion of situated cognition 
(Lave and Wenger, 1991), and situated abstraction (Noss and Hoyles, 1996), in 
which emphasis is placed on the important role of the situation or situation-type in 
which encounters and hence learning take place. Conversely, just because someone 
does not do something in a situation, it does not follow that they could not, or that 
they will not in some other situation. As archaeologists are fond of saying, “absence 
of evidence is not evidence of absence”.

Language contributes to imagination (you can strengthen some images by 
repeating inner speech as reinforcement of images) but imagination also provides 
the source of what is expressed in language. Becoming articulate in speech and 
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writing, whether in primary or in tertiary level, is as much about connecting lan-
guage with inner experience and thought as it is about learning the relevant and 
appropriate format. Language also strengthens the power to imagine, because when 
one person expresses what they are imagining they can stimulate imagination in 
others. For example diagrams are static images, which provide a stable background 
on which to superimpose variation and further construction. A diagram or photo-
graph of a cell, a picture of a moment during an experiment, or a geometrical figure 
can all serve in this way. The learner can then imagine further details, other aspects, 
and what happens before and after. Similarly dynamic images, such as a video or 
animation, provide what Salomon (1979) called supplanted images: images that 
can be used as eidetic components in the construction of further mental images.

However, images, like text, can be interpreted in many ways. There are likely to 
be relationships which are particular to the specific diagram and not intended to be 
included as part of the generality being illustrated. Fischbein (1987, 1993) coined 
the expression figural concepts to describe the concepts constructed by learners from 
attending to unintended features. The issue of how people learn general concepts 
from particular examples has exercised psychologists for some time (Bruner et al., 
1956; Rissland, 1991; Renkl et al. 1998) and is of abiding interest in computer sci-
ence and A.I. (Winston, 1975) as well as in education (Sweller and Cooper, 1985).

Experience with dynamic geometry software has also highlighted the fact that in 
a diagram or picture there are local relationships, which are not directly observable 
(Laborde, 1995). In geometry it is vital to become aware of these relationships, which 
are often what the diagram is really about. Something similar applies to any picture 
or diagram that is supposed to illustrate some relationship, property, some process, 
principle or technique. Furthermore, relationships may be detected among discerned 
elements in a particular case without being perceived as properties, which can apply 
in many different situations, or in the case of figural concepts, properties may be inap-
propriately or unintentionally assumed to be essential. This is what gives rise to 
undesirable situatedness. Thus some subtle shifts in the structure of attention may be 
required, from discerning relevant items to recognizing relationships, to perceiving 
these as properties, before learners can be expected to engage in reasoning on the 
basis of those properties, and so displaying understanding (Mason 2003, 2004).

In science as in mathematics, being invited to imagine (guided by the teacher) the 
steps in carrying out a task or in thinking about a phenomenon, which the topic can help 
explain, can be a powerful introduction to a lesson or suite of lessons. For example:

• Imagine a beaker, half filled with pure water. Put it in a beaker of ice. Insert a 
thermometer and watch the temperature…

• Imagine the graph of a function. Imagine a point not on the curve. Imagine a line 
passing through that point and slowly rotating. Sometimes it intersects the curve, 
sometimes it does not, and if these are both possible, somewhere in between it 
touches the curve at two coincident points (it is tangent there) as well as, perhaps 
crossing the curve elsewhere…

A learner who is trying to follow what they are being told or shown is at a disad-
vantage, because they are always one step behind, reacting to what has happened 
rather than participating in real time. This is often evident when learners who are 



1 From Assenting to Asserting 25

copying notes from a board or screen fall behind the production of those notes. 
They cannot therefore be concentrating fully on what is being said, so much of it 
goes over their heads, literally and figuratively. By contrast, learners who are able 
to anticipate what is about to happen are actively engaged and in a much better 
position to experience disturbance or at least contrast and surprise when their 
expectation is contradicted. This is the moment when a crucial decision can be 
made, for if the exposition flows ever onward, the disturbance may only be sup-
pressed or parked. The learner who falls behind is in a much less favourable posi-
tion to anticipate, and is driven into a position of severely restricted and situated 
assertion.

1.3.1.1 Making Use of Imagining and Expressing

The power to imagine can be strengthened and developed, through use. But that use 
has to be active rather than passive. One of the dangers of the sea of images 
imposed on our senses by television and earphones is the pollution and over stimu-
lation of our senses. Bombarding people with sense impressions in a competitive 
free-for-all is unlikely to result in the development of learners’ powers. Rather, 
learners can be called upon to anticipate, to imagine what something will look like 
or what will happen next, before being shown.

Say What You See

Learners can be called upon to Say What You See to others in order to discover 
when listening to others that there are other details to discern, other relationships to 
recognize, other properties to perceive than the ones that may come to attention 
immediately. A variant is to be asked what is the same and what is different? Or 
what is changing and what is invariant?
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• For example, observing a fountain, it can be seen simply as “fountain”. However, 
if someone endeavours to say what they see, trying not to make unwarranted 
assumptions, they will find their attention directed to what is changing (the 
apparent path of the water droplets, the movement on the surface of the water) 
and what is invariant (the basin etc.). In the case of the second fountain shown, 
the spout is itself rotating. Nevertheless, even though individual drops follow 
their own unique path, there is the appearance of a path being formed by the 
water (a relative invariance or an invariant relationship). Say What You See, 
informed by seeking what is (relatively) invariant and what is changing is likely 
to invoke curiosity: what is the actual path? Are the apparent paths actually 
paths, and are they also parabolae?

Walker (1975) provides descriptions of numerous everyday phenomena, which can 
be explained by relatively elementary physics. If learners are not acculturated into 
seeing the material world through the eyes of a curious physicist, then they are not 
learning to be physicists, and arguably, not even learning physics. They are merely 
being trained in the use of formulae. The same applies to chemistry. Why is it dif-
ficult to open a freezer door immediately after closing it (assuming it is function-
ing!)? How does soap work? What happens when you heat up ice and it turns into 
water or heat up water and it turns into steam? Curiously, phase change can be a 
helpful metaphor for teaching, in which effort sometimes goes in to explaining and 
correcting with no visible effect, and then suddenly the learner acts as if they have 
actually learned something.

Say What You See is an effective pedagogic device for provoking learners to 
probe beneath the surface of situations, to detect an underlying phenomenon, and 
to locate details that might be used to explain or account for what is observed. Say 
What You See can also be used with abstract entities such as appear in mathematics. 
For example, Say What You See can be used with either of the following objects or 
both together for comparisons, in order to draw attention to different component 
elements and what they signify, and to indicate which features are irrelevant and 
which are essential to some problem or task type.

1 5

2
2

1 5

2

( ( 1) )x x x dx

+

−

− −∫
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Through being exposed to how others attend, learners can discover that they too can 
choose to direct their attention, to perceive differently, and to make different sense.

Indicate When You Can See …

Learners can also have their attention directed explicitly so that they discern rele-
vant details (look at this; hear that) using verbal and physical pointing. More sub-
tly, they can be invited to recognize significant relationships through being invited 
to indicate when they can detect a particular relationship (Thompson, 2002). For 
example, after gazing at this diagram, 

can you see:

area under a curve? four areas? an area-so-far function?
an integral to calculate a 
mathematical area?

four integrals to calculate 
a total area?

An instance of the funda-
mental theorem?

Indicate When You Can See … is useful for prompting learners to become aware 
that it is both necessary and useful to see one object from multiple perspectives. Of 
course the question “Can You See” on its own has only a “yes/no” answer, so it is 
much more effective to ask learners to indicate when they can see. The time delay 
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then may suggest whether more time could usefully be spent on the particular issue. 
The question is also useful simply for directing attention to relevant details before 
drawing attention to relationships that are instances of general properties.

It is vital for a teacher to be able to direct learner attention appropriately, and 
this requires becoming aware that learner attention may not spontaneously be 
directed as the teacher expects. Not only can attention be focused on different 
features, causing break down in communication, but, even where there is a common 
focus, learners and teacher may actually attend differently. Some may be occupied 
by discerning details, others may be seeking relationships between particular dis-
cerned components, yet others may be perceiving relationships as instances of 
more general properties, and some may be prepared to reason about the phenom-
enon only on the basis of explicit and agreed properties, and not just on anything 
and everything they think they know.

1.3.2 Specializing and Generalizing

Pólya (1962) used the term specializing to refer to all aspects of trying out a particular 
case of something in order to “see” what is going on, to experience the underlying 
structure, and hence to re-generalize for oneself. Specializing includes ordinary 
familiar examples as well as extreme or “special” cases. People do this entirely 
naturally, as when they ask for an example, or resort to using diagrams or physical 
objects as a model of a more complex situation. The interesting thing from a 
teacher’s point of view is that when learners get stuck on a problem or with a con-
cept, they often do not think of using their natural power to specialize for them-
selves (Mason et al., 1982). Consequently it is important pedagogically to display 
and enact specializing and generalizing, to call upon learners to use those powers 
themselves, and to draw learner attention to the fact that they have used those pow-
ers. These are the three aspects that contribute to noticing opportunities to act in the 
future and so to inform practice (Mason, 2002b): acting, reflecting, imagining.

1.3.2.1 Making Use of Specializing and Generalizing

Halmos (1994, p. 852) stresses concentrating “attention on the definite, the concrete, 
the specific”. As Whitehead (1932, p. 4) put it, “To see what is general in what is 
particular and what is permanent in what is transitory is the aim of scientific thought”. 
I prefer a rephrasing as “to see the general through the particular and the particular in 
the general” and “to be aware of what is invariant in the midst of change” is how 
human beings cope with the sense- impressions that form their experience.

Scaffolding and Fading

Wood et al. (1976) introduced the metaphor of scaffolding as a description of the 
way in which a teacher can act as “consciousness for two”, augmenting the learners’ 
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awareness and reminding them of things that are not coming to mind because their 
attention is fully taken up with matters which will ultimately become integrated and 
subordinated into their functioning (Gattegno, 1970). For example, when a learner 
is stuck on a problem, asking them to specialize (give me an example …) can be 
seen as an act of scaffolding. However, teacher intervention can create dependency 
as well as independence. It all depends on fading, that is, reducing the support being 
offered (Brown et al., 1989; Love and Mason, 1992). A useful way to do this is to 
move from direct prompts (have you got an example?) to increasingly more indirect 
prompts (What did you do last time? or What question do you think I am going to 
ask you?) until learners have taken up those prompts and internalized them.

Learner Constructed Examples

Given the problems which arise when learners try to use examples to work out what 
features are intended to be exemplary and what features are in fact specific or spe-
cial, a useful additional strategy turns out to be to get learners to construct their own 
examples (Mason and Watson, 2001, 2005). Not only does this reveal some of the 
richness or poverty of what learners have access to, but as an action it actually serves 
to extend and enrich the space of examples to which learners have access in future.

For example,

Can you construct a cubic whose inflection 
tangent does not cross the curve?

Can you find a situation involving a gas in 
which temperature changes but neither 
pressure nor volume change?

Sketch a cubic graph; Can you find a situation in which change of 
temperature produces a change of pressure?

and another; And another?
and another And another?

Construct a cubic; Find a situation in which change of pressure 
produces a change of temperature;

Construct a cubic which has only 
one real root;

Construct a cubic which has only one real 
root and which has a local minimum;

A change of volume produces a change of 
pressure;

Construct a cubic, which has only one real 
root, which has a local minimum and 
whose inflection slope is positive.

A change of volume produces a change of 
temperature

The structure of the second task is intended to illustrate how being asked for 
another and then another (not all at once, but in sequence) directs most people to 
begin to explore the full range of generality from which to make a choice, rather 
than sticking with the first idea that comes to mind. In this way their personal exam-
ple space becomes enriched (Watson and Mason, 2005).

The third task is intended to illustrate how treating constraints one at a time, and 
paying attention to the full generality at each stage can be more instructive than try-
ing to meet all constraints at once. The constraints are chosen to try to force people 
to reconsider their current example. At each stage choices have to be made, but stick-
ing with a generality is more fruitful than trying to modify a single example.
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Example Spaces

The central idea being explored herehas been articulated by Ference Marton and col-
leagues (Johansson et al., 1985; Marton and Booth, 1997; Marton and Trigwell, 
2000) as dimensions of variation. To understand or appreciate a concept means to be 
aware of what aspects (dimensions) can vary (change) in an example and still it 
remains an example. A mathematical version of this is the theme of invariance in the 
midst of change, which lies at the heart of mathematics and science (Whitehead, op. 
cit.) and perhaps of all learning. Marton goes further, proposing that learners become 
aware of a dimension of possible variation through exposure to variation in suffi-
ciently quick succession to be attended to as variation. Watson and Mason (2005) go 
further in drawing attention to the importance of becoming aware of the permissible 
range of change in which the invariance is preserved. Very often learners are aware 
of a subset of the dimensions of possible variation, and even when they are aware of 
a particular feature that can be varied, their sense of the range of permissible variation 
is often attenuated. For example, they may think only of integers instead of real num-
bers. Consequently when the teacher uses a concept, the learners’ sense of what is 
being said may be so greatly restricted as to nullify its significance.

A classic example in mathematics is the function x → |x| which is the standard 
example of a continuous function differentiable everywhere except at one point. It 
is well known that many students simply monster-bar this example and continue to 
think of it as merely an aberration (MacHale, 1980). Until learners think of explor-
ing possibilities such as functions which are non-differentiable at 2, 3, … points, 
and even the set of points at which functions could be non-differentiable, they have 
not appreciated what the counterexample is telling them. By becoming familiar and 
confident with example tinkering, they enrich both their appreciation of a concept 
and their accessible example space.

In science, a diagram of a cell, no matter how beautiful the graphics, suffers 
from the possibility that learners will attend differently to the ways intended. They 
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may take some specific details as generic when in fact they are arbitrary, and some 
details as arbitrary when in fact they are specific. 

The nucleus need not be in the position shown, nor even near the centre; other 
components displayed three times appear hundreds or thousands of times, and so 
on. A learners’ sense of what can vary and what is invariant nor necessary can be 
highly attenuated and yet they can answer many questions correctly and appear to 
understand the topic.

Watson and Mason (2005) have found that there is a tendency for learners of 
mathematics to have a restricted range of examples to use as touchstone and on 
which to experiment. Their example spaces may be much more restricted and 
impoverished than teachers realize. Asking learners to construct one example, then 
another, and then yet another often has the effect of expanding learners’ awareness 
of the range of possibilities from which a choice can be made when looking for a 
suitable example. It is this sense of choice, of potential (if not actual) infinity that 
enriches and educates their awareness and provides access to an expanded example 
space in the future. The confidence gained by having a sense of control over the 
potential complexity, which comes from being able to construct your own varia-
tions, also enriches the possibilities when a learner wants to specialize in order to 
make sense of a generality.

1.3.3 Conjecturing and Convincing

Mathematics and science proceed and develop through conjectures, proofs, and 
refutations (Lakatos, 1976). Convincing themselves, friends, and finally, other 
sceptics is what mathematicians and scientists do. But so does everyone, although 
in less formal and explicit ways. Every action in and on the world is a conjecture; 
when the response is unexpected, that disturbance generates energy, which can be 
used to try to return to equilibrium, to make sense, to accommodate or to find 
awareness and sensitivity enriched.

Human beings are also natural story-tellers, or as Bruner (1996) said, narrative 
animals, for we try to account for our experience, weaving it into a story which 
justifies our actions and explains why things happen the way they do. diSessa 
(1987) uses the label phenomenological primitives for core explanations that people 
use to account for phenomena, to justify their conjectures about why things happen. 
The term primitive is used to indicate that the explanation itself is not probed any 
further. For example, when asked what happens to the sound of a vacuum cleaner 
motor when the tube is blocked, “working harder” is often used to account for 
claims both that the pitch rises and that it falls.

Scientists and mathematicians have developed formal practices in order to try to 
convince each other, although these practices do change and develop over time as 
both questions and reasoning become more sophisticated or political. Learning to 
adopt these practices, to take up the relevant discourse, is one of the challenges for 
learners in any topic.
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1.3.3.1 Making Use of Conjecturing and Convincing

If learners are to become mathematicians and scientists, they too need to engage in 
overt conjecturing and convincing. They need the time, opportunity and impetus to 
try to articulate their reasoning to others in order to convince themselves. They also 
need to learn to be sceptical about someone else’s reasoning, developing the dispo-
sition to look for counter-examples, to test out special cases in an effort to find 
flaws. In this way they develop their power to convince not only colleagues, but 
also a more sceptical “other” or “enemy” (Mason et al., 1982). In science, many 
learners arrive with assumptions and partial stories to account for observations 
about the material world that need to be challenged in order that more appropriate 
scientific perspectives are adopted. For example, as diSessa (1987) showed, even 
very intelligent students can adopt a split view that Newtonian mechanics is what 
you use in class while retaining an Aristotelian view of forces. He asked under-
graduates to predict the path of a particle emerging from a circular track at speed, 
and found many considered the circularity to continue after release. It is vital that 
learners become aware of assumptions they are making, convert these into conjec-
tures, and begin to construct (even if only mentally) experiments to test out those 
conjectures.

Because of the strong effect of years of schooling, conjecturing does not just 
“happen” in classrooms. Establishing a conjecturing atmosphere or ethos takes 
time. Attention needs to be drawn to the status of assertions and assumptions as 
conjectures needing confirmation and justification. Those who are uncertain need 
to be encouraged to try to articulate their conjectures and be overtly respected for 
modifying their conjecture as a result; those who are confident or certain need to 
be encouraged to ask helpful questions of others, to try to find counter-examples to 
other people’s conjectures, and to probe themselves and others for justifications 
and reasoning. Most importantly, conjecturing is most effective as a collaborative 
rather than a competitive interaction with others. Everybody learns when someone 
modifies a conjecture or proposes a counter-example.

Overtly calling upon learners to make a conjecture before they test it on an 
example or against a phenomenon puts them in a more active stance. When a con-
jecture is refuted, learners have more personal commitment to sorting it out, modi-
fying, augmenting or even radically changing their conjecture. For example:

For what conjectures could the function f (x) ={x2 when x ≥ 0
−x2 when x < 0

 be used as a 
counterexample?

For what conjectures could the fact that the ratio of the masses of a substance before and 
after burning is independent of the sample size be used as a counterexample?

It is so easy to sit back passively and wait for the “correct” answer to emerge, when 
in fact “learning” is the result of struggling to articulate ideas and reasons rather 
than actually getting the particular answer. Most lectures have a few people attend-
ing who fool themselves into thinking that “I could have got that, done that, thought 
of that” when they don’t make an act of commitment through formulating a conjecture. 
Pólya (1962) recommended making conjectures and then disbelieving them. As 
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long as ideas and possibilities toss around in your mind like clothes in a tumble 
drier, they are hard to pin down and likely to dissipate. By recording a conjecture 
and then immediately looking for counter-examples the learner engages in mathe-
matical and scientific thinking through taking an active stance. There is of course 
a close connection between anticipation and conjecturing, setting up expectations 
which might then be confounded by examples or by the phenomenon, but which 
can then lead to scientific advance.

Legrand (1990, 1998/2000) has developed scientific debate as a format or structure 
within which learners are encouraged to conjecture and justify, challenge and try 
to convince each other, in order to develop their understanding of a concept or  theorem, 
as well as to develop their powers to engage in mathematical-scientific practices 
(Warfield, 2005). Mathematical thinking in its full sense can really only thrive in a 
conjecturing atmosphere, where everything said is taken as a conjecture, and everyone 
is encouraged to test it and to offer potential modifications where necessary.

To establish an appropriate atmosphere and collection of practices the teacher 
needs to be able to hold back and listen (Davis, 1996, p. xxiv). Disturbance felt by 
learners is not often assuaged simply by assertions from teachers, especially when 
the teacher jumps in at the first opportunity to correct what a learner has offered. It 
does not matter that wrong conjectures are made. What does matter is the establish-
ment of a conjecturing atmosphere, an ethos of enquiry; what does matter is that 
learners encounter counter-examples, and that they modify their conjectures until 
they are either put to one side for further exploration some other time, or justified 
using mathematical or scientific reasoning. Effective teaching has taken place when 
learners are moved (motivated) to go away and re-construct for themselves mathe
matical objects as examples of concepts, applications of theorems, and illustrations 
of techniques.

1.3.4 Focusing and De-Focusing Attention

Attention is partly under conscious control, and partly not. People can have their 
attention attracted by sudden movement or sound, by the appeal of something with 
particular meaning for them, by having attention attracted or directed by a respected 
“other” such as a teacher, or by direct application of their own will-power. Careful 
observation of your own attention soon reveals that noticing begins with a sudden 
rush of concentrated attention, a sharpening of awareness, which then gradually dis-
sipates until it is either refreshed and renewed or overlaid with some other noticing.

Attention can be highly focused on some detail, but it can also be very diffuse 
as when gazing at a diagram or into space waiting for inspiration. Attention can be 
uni-focal but also multi-focal as when you think about preparing supper while lis-
tening to a colleague and looking at something out the window.

Teaching can only be effective when learners and teacher are attending to the 
same thing and in similar ways. There are subtle but important shifts not only in 
what it is worth attending to, but how, which learners need to experience repeatedly 



34 J. Mason

as they begin to perceive and think in ways characteristic of the discipline and the 
particular topic. Sometimes it is useful to hold wholes, that is to gaze at the whole 
of a phenomenon, situation, object or experience. Sometimes it is important to work 
at discerning details, which includes locating boundaries that distinguish and define 
sub-wholes. Sometimes it is relevant to recognise relationships between particular 
details, either in the same whole or between wholes. Often it is valuable to perceive 
properties as generalizations of specific relationships, which might hold amongst 
other objects or other details elsewhere in the current situation or in the future. This 
is part of the move to generalization and abstraction. Relationships may arise as 
particular instances of perceiving a property to be relevant, and sometimes perceiving 
properties arises as an abstraction from relationships between particular details. This 
is another way of thinking about “seeing the general through the particular, and the 
particular in the general”. Justification and explanation is usually based on articulat-
ing reasoning (based on intuition arising from gazing), which is only possible when 
it proceeds on the basis of properties that are accepted, and acknowledged, and 
agreed. These five subtly different structures of attention lie at the heart of what 
learners are doing when being taught. Although there is considerable overlap and 
consonance with the van Hiele levels articulated by van Hiele (1986) there is a sig-
nificant difference when applied to attention itself. Rather than forming levels 
through which a learner might be expected to move, self-observation reveals that 
attention often shifts very quickly between structures, back and forth, round and 
round, while at other times one or other structure becomes quite stable.

One of the values of sensitizing yourself to these subtle shifts in structure is that 
they can be used to account for learner difficulties. For example, during exposition, 
learners gazing at a whole may not even hear distinctions being drawn by a teacher 
or be aware of relationships being identified. If they are occupied with discerning 
details they may not be able to make sense of descriptions of relationships amongst 
those details. If they are seeking out relationships in the situation before them they 
may not be aware of those relationships as instances of more general properties, or 
even the potential for those relationships to be generalized and perceived as proper-
ties. If they are coming to grips with properties as general qualities which may 
explain, capture, or indicate specific relationships, they may not be in a position to 
benefit from the teacher’s use of certain properties as the basis of reasoning.

One of the reasons that scientific and mathematical reasoning might be so dif-
ficult to teach is that learners are rarely in an appropriate state with their attention 
encompassing the perception of properties, which can be used as the basis of rea-
soning. There is a subtle difference between using language (which is inherently 
general) to talk about specific relationships recognized in a situation, and reasoning 
about that and similar situations on the basis of properties. The same language is 
often used in both cases, but learner experience is quite different. This would 
account for the otherwise mystifying experience of learners who seem to be reason-
ing quite generally but who suddenly resort to particulars or fail to use that reason-
ing in a new situation. For example, Rowland (2001) reports the case of students 
claiming to follow and appreciate a number theory proof carried out in a particular 
case, but unwilling to accept the implied generality of the proof.
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1.3.4.1 Making Use of Attention

Becoming aware of the structure of one’s own attention, of not only what is being 
attended to but in what manner, improves sensitivity to learner experience. 
Awareness of one’s own attention makes it more likely to notice mismatches with 
that of learners, and then to be motivated to construct tasks which provide the time 
necessary for learners to engage with different structures of attention, and which 
prompt learners to shift from one structure to another. Awareness of one’s own 
attention also makes it possible to refer explicitly to the fact that it is possible and 
desirable to attend to certain things in certain ways. A number of frameworks have 
been developed which help as reminders when planning a session or when in the 
midst of interacting with learners (Floyd et al., 1981; Mason and Johnston-Wilder, 
2004, 2004/2006).

See, Experience, Master

It is rare for learners to make a great deal of a concept or technique the first time 
they encounter it. With continuing exposure they develop experience, and as the 
practices and ways of thinking and perceiving become integrated into their func-
tioning, they move towards mastery. The label See–Experience–Master serves as a 
warning, a trigger not to expect too much, and to construct tasks that provide req-
uisite time and experience.

Manipulating – Getting-A-Sense-Of – Articulating

As many educators have suggested since Plato, having something tangible to 
manipulate can often assist in recognizing significant relationships and so making 
sense of some generality. Specializing or particularizing is another way to refer to 
the entirely natural act of seeking out a familiar and confidence-inspiring example 
or object through which to try to see the general. Getting learners to construct their 
own examples is one way to support learners in developing a rich repertoire of 
objects to which they can refer when they want to test out a conjecture or try to get 
a sense of some underlying structure or phenomenon. Attempting to articulate that 
“sense” can assist with the sense making, especially when it takes place within a 
supportive conjecturing atmosphere.

1.3.5 Organizing and Classifying

There is a sense of satisfaction and energy release when some sort of order or 
orderliness is brought to a collection of disparate and scattered items. The whole 
effect of language is to provide labels for collections of objects according to shared 
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properties to support organizing and characterizing. Thus language has the effect of 
organizing experiences. To recognize suddenly that two or more apparently differ-
ent situations are actually examples of one phenomenon makes future sense making 
much easier on the one hand, while on the other hand it sets up the possibility of 
failing to attend sufficiently to differences. Thus every act of organization has the 
potential to inform but also to mislead.

Much of mathematics and of science can be seen as a process of classifying phe-
nomena, characterizing the conditions under which the phenomena come about or can 
be recognized. Theorems asserting that such and such a condition is equivalent to 
some other condition, or that all objects of one sort also have some additional property 
all serve to organize example spaces and characterize objects in those spaces.

1.3.5.1 Making Use of Organizing and Classifying

What Is the Same, What Is Different About?

Offering learners two or more objects, situations or phenomena and asking 
them what is the same and what is different about them directs their attention 
from specific details of individual cases to relationships which are common to 
several instances and helps create in the learner a sense of phenomenon (an 
identifiable repeatable experience) and hence generality. It also adds to their 
enculturation into becoming aware of what features are worth attending to and 
are of significance in the particular discipline, for each discipline consists of a 
collection of characteristic awarenesses and sensitivities to notice. Learners are 
most likely to become attuned to these when their attention is suitably directed 
and when they are in the presence of a relative expert whose attention is simi-
larly directed.

The notion of invariance lies at the heart of elementary science. If you burn a 
quantity of substance and compare the masses before and after burning, there will 
be an invariant ratio. This is due to the fact that it is the nature of the substance, not 
its size, which matters in terms of physical and chemical properties.

Sorting and Ordering Tasks

Offering learners collections of objects (descriptions of specific experiments, states 
or phases in a single experiment, a collection of mathematical exercises or other 
objects) and asking them to sort them in some way that seems sensible, or in some 
way which illustrates a collection of concepts, or to order them in some suitable 
fashion invites learners to stand back from doing calculations and to think about 
structure, relationships and properties. Once they start thinking in terms of “types” 
they are organizing and classifying, as well as preparing themselves to be tested on 
an examination by recognizing the type of a question.
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1.4 Concluding Comments

Teaching consists of acts which take place in time, but learning takes place over 
time, usually during sleep when the impressions of the day are selected, rejected, 
and organized. Where learners have been actively engaged, taking initiative and 
asserting rather than merely assenting, where they have engaged all five of the 
aspects of their psyche: enaction, affect, cognition, attention and will, they are more 
likely to have something salient to process during sleep, to link to other experi-
ences, and so, to learn.

To promote an active rather than a passive stance, to get learners asserting them-
selves and becoming more intentionally agentive rather than merely assenting 
requires the teacher to establish an ethos, to set up conditions (the tasks set), and to 
interact with learners in ways which evoke and promote the use of learners’ own 
powers. It requires developing confidence that learners will indeed make use of 
their powers if given the opportunity. It requires not so much “getting the sage off 
the stage” (King, 1993) as sensitizing yourself to notice opportunities for learners 
to take responsibility, to make subject-significant choices, to become active learn-
ers rather than mere receivers.

The powers suggested here play a central role in any mathematical or scientific 
activity. They can be used to inform the planning and conduct of workshops, lec-
tures and tutorials, the design of course curricula, and the writing of texts. Adopting 
an approach to pedagogy and didactics which aims to evoke and develop learners’ 
use of their own powers frees the teacher to work on the direction of learner atten-
tion rather than on rehearsing well-known content in front of assenting learners. It 
opens the way to having fruitful interactions with learners about the core aspect of 
mathematical and scientific thinking.

Constructs and frameworks such as those suggested here are only of value if 
they are integrated with personal experience. Integration is achieved through look-
ing for examples in your own experience which highlight or illuminate the general, 
and mentally imagining yourself in a future teaching situation with a label coming 
to mind which triggers you to act in a fresh rather than habitual manner. It all 
depends on noticing an opportunity in the moment, whether when planning or when 
teaching, and the possibility of noticing freshly is enhanced by preparing for the 
future, based on reflecting on the past (Mason, 2002b).
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2.1 Reflectivity: A Key Concept

When the Danish University Law (Videnskabsministeriet, 2003) was reformed, a 
component was added stating that Danish universities should not only do research 
and offer education that meet the highest international standards, but that they 
should, moreover, convey to society research and educational results for the further 
prosperity of the latter. In the legal text it is further explained that universities shall 
be obliged to actively exchange knowledge and competence with society, and that 
this includes an obligation to engage in public debate about important social issues. 
Apparently, something has changed – a change that seems to include a closer entan-
glement of academic science and society. In the context of science education at 
least two questions are thus raised: How is the social role of science changing? And 
what (if any) implication does this bear for science education?

The argument made here is that a change is indeed taking place; from traditional 
(academic) science which celebrates disinterestedness and unblemished quest for 
objective knowledge to contemporary science infused with socio-cultural and 
political-capitalist interests and influencing societal development profoundly. 
A change, which makes the scientific community a much-needed participant in 
social reflectivity. However, studies encountered below suggest that contemporarily 
the scientific community tends to cling to the old celebrated virtues and it only 
reluctantly enters its new role as participant in societal development and debate. 
The problem is not only that science apparently “chooses” not to participate in the 
social reflective processes, but more significantly that this choice is grounded in the 
traditional academic ethos according to which scientists of today have been trained. 
Science education, the entry point of the scientists of tomorrow, hence becomes 
extremely important as a place for inducing changes to the institution of science 
and the scientific self-perception.

I suggest that as a response to this, tertiary science education must focus on the 
development of students’ scientific reflectivity, and that this concept includes the 
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development of contextualized awareness and professional humility, as well as gap 
sensitive interactive skills. Further, I launch and develop a teaching method, 
anchored ethical dialogue, through which one may stimulate the development of all 
three notions. Hence, anchored ethical dialogues could become fix points for the 
development of scientific reflectivity and thus, ultimately, for raising the level of 
social reflectivity. I have attempted to depict this in Fig. 2.1.

However, before considering the various concepts and notions included in Fig. 
2.1 in more detail, I will take a closer look at the development postulated above.

2.1.1 Science and Risk Society

Modernity can be seen as an era in which modern scientific thinking and techno-
logical development created a profound belief in progress – a belief that was inevi-
tably linked to a trust in the ability of science and technology to further free and 
enlighten humankind. However, since these heydays of the modern breakthrough 
the role of science within society has changed.

In developed civilisation, which had set out to remove ascriptions, to evolve privacy, and 
to free people from the constraints of nature and tradition, there is thus emerging a new 
global ascription of risks, against which individual decisions hardly exist for the simple 
reason that the toxins and pollutants are interwoven with the natural basis and the elemen-
tary life processes of the industrial world.

(Beck, 1992, p. 41)

As the quote illustrates, to Ulrich Beck the central concept for describing this 
change is risk. It is the production of risks and the attention subsequently ascribed 
to these risks by society that constitutes the driving force in societal transformation. 

Fig. 2.1 A reflective educational practice
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Beck understands risks as something potentially concrete. Risks are the potential 
results of the activities of humankind. The main difference between the risks Beck 
describes and the risks of preceding societal orders is thus their relation to moder-
nity. Whereas the risks of previous ages were stemming from nature (or from the 
scarcity of resources), the risks marking present society are somehow related to the 
modernization processes that had the liberation of humankind from these restraints 
of nature as their goal. More precisely, they are the results of the very same mod-
ernization processes: The notion “risk society” refers to “a stage of radicalized 
modernity” (Beck, 1997, p. 20), where it is the success of modernity, the liberation 
of humankind from poverty, hunger and so forth that produces a new social order.1 
The unintended consequences or “hazardous side effects” (Beck, 1992, p. 20) of 
modernity, that is of the scientific and technological development constituting its 
hallmark, the production of risks, become central to the development and the focus 
of our attention. Thus according to Beck what we are experiencing is a break inside 
modernity where society removes itself from traditional industrial society and 
assumes a new constitution, but where the break is a result of the processes of the 
very same modernity: “Modernization has consumed and lost its other” (Beck, 
1992, p. 10), that is nature and tradition, and now turns toward itself – hence the 
designation reflexive modernity.

It is exactly this attention given to the observed and potential effects of our own 
endeavours that characterizes risk society and becomes a new social driving force. 
The concept of risk does not (only) refer to damage or destruction of nature in 
itself, it refers to potential destruction, the potential time bomb against our health 
and reproduction that may and may not have been created: “The concept of risk 
thus characterizes a peculiar, intermediate state between security and destruction, 
where the perception of threatening risks determines thought and action” (Beck, 
1999, p. 135).

Beck’s analysis thus points to important differences between the emerging and 
the preceding social orders in relation to the perceived risks/hazards. One of the 
most important points is the involvement of science and it is exactly Beck’s pin-
pointing of the intimate relationship between science, technology and social devel-
opment which makes the risk society perspective a useful one to apply in the 
present context. Thus, the central trait of risk society, the characteristic differentiat-
ing it from pre-risk societies, Beck stresses, is not the occupation with risk, nor is 
it the increased extent of these risks. The crucial feature is the scientific constitution 
and the society-changing scope of the risks (e.g., Beck, 1992, pp. 153ff).

However, the role of science in risk society is not merely that of an enfant ter-
rible, producing all the risks we are encountering. The situation is far more com-
plex. It is not the failure of science but its success that constitutes the basis for the 
up-growth of risk society. Scientific and technological development is not simply 
the background for the very improved conditions for humankind of today, for we 
are also dependent on science for detecting and dealing with the risks of this risk 

1 Again, we are talking about the Western world.
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society. Thus, science takes at least three social roles, that is the role of risk creator, 
risk detector, and risk analyser (Beck, 1992, Chap. 7).

The role of science as risk creator of course refers to the crucial involvement of 
science and scientific thinking in all aspects of modern society and specifically in 
the creation of solutions to the problems of humankind. Solutions, the unintended 
consequences of which, we are now facing in risk society. This, the societal trans-
forming role of science has become visible. Further, we are absolutely dependent 
on science for the process of detecting and analysing risks. The risks of risk society 
are intangible; the human sensory apparatus often cannot directly experience them. 
Moreover, there is an enormous gap in time and space between impact and the 
manifestation of a risk. Risks instead come to life only in the form of scientized 
probabilities, which speak in “the language of chemical formulas, biological con-
texts and medical, diagnostic concepts” (Beck, 1992, p. 52). The extent of endan-
germent of the individual cannot be estimated by the individual him – or herself. 
Essentially, we all have to rely on external, scientific knowledge and thus we are 
becoming “incompetent in matters of [our] own affliction” (Beck, 1992, p. 53). This 
development leaves science in a vital social position and it exposes exactly how 
crucial it is for society that the scientific sphere is aware of its own position, abili-
ties, and limitations.

2.2 Scientization

This development has of course affected science and the view on the scientized 
approach to life in the modernity. Beck describes this development by employing 
the notion of reflexive scientization. Initially man’s relations to the surrounding, 
given world was scientized (simple scientization). However, as scientization has 
gradually changed this world, science is being confronted with itself, that is its own 
products and defects, and as a result our relation to science becomes scientized 
(reflexive scientization) (Beck, 1992, p. 155).

Beck goes on to say that reflexive scientization also results in the dogmatization 
of science being abolished, in that science has turned towards itself and scientized 
the scrutiny of its own foundations, products, and effects. It may be argued, how-
ever, that Beck’s use of the term reflexive scientization in the latter sense becomes 
somewhat confusing. Who exactly is reflecting on whose foundations, products, 
and effects? If the answer, as indicated by Beck (1992, p. 156), is that the study 
(sociology, philosophy etc.) of science is scrutinizing the foundations of science 
scientifically, then the problem is that the concept of science is employed too 
broadly. This is not science scrutinizing its own foundations. Rather, it is one sphere 
of science scrutinizing the foundations of another sphere of science, for example 
natural science. So, seen in this light it is indeed reflexive scientization in that sci-
entization is being reflected scientifically – but more so in the sense of a mirror 
being held up by others than in the sense of self-reflection. And crucially, it does 
not mean that (natural) science cares to look into that mirror: it may carry on its 
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endeavours unaffected! So, at least in this interpretation, I see some problems in 
Beck’s line of argument.

Instead, I suggest the introduction of an additional notion that is reflective 
scientization. I suggest replacing the use of reflexive scientization in the meaning 
outlined above (in the mirror sense), and instead use it to designate scientific self-
reflection, that is the (natural) scientific sphere reflecting on its own foundations, 
limitations and so forth and working actively to change these (and in this process 
the insight gained from for instance science studies is of course vital). I believe this 
separation of notions (and of scientific spheres) makes the analysis from Beck more 
clear and fruitful to employ in the present context. And actually, according to Beck, 
it is exactly such a reflective science that is needed:

To be sure, risk cannot be banned from modern life, but what we can and indeed should 
achieve is the development of new institutional arrangements that can better cope with the 
risks we are presently facing; not with the idea in mind that we might be able to regain full 
control, but much more with the idea in mind that we have to find ways to deal democrati-
cally with the ambivalences of modern life and decide democratically which risks we want 
to take.

(Beck, 1999, p. 108)

The point is not merely that science should raise its voice in the political debate 
about the application of its results. Rather, Beck implies a changed approach to 
doing science, in which science is capable of self-criticism concerning all aspects of 
its own endeavours, including “what it considers noteworthy or not, how it asks 
questions and casts the “nets” of its causal hypotheses, how it decides on the validity 
of its conjectures [. . .]” (Beck, 1992, p. 180). Only in this way can we try to discover 
and thus avoid the unintended consequences, which are adding to the risks of risk 
society. In short we can say: To deal with reflexive modernisation (in the shape of a 
risk society), we need reflectivity within the institutional setting of science!

This realization provides us with a link to the overall topic of the present study, 
science education. Development of science education could provide one way of 
promoting reflectivity. To add to our understanding of the development needed, I 
will briefly turn to a number of other scholars and their interpretation of the rela-
tionship between science and society in the emerging social order.

2.2.1 Post-Academic and Mode II Science

Traditionally, science, or maybe rather the scientific archetype or “the stereotype of 
science in its purest form” (Ziman, 2000, p. 28), has been academic science, that is 
the social institution of science as one has been able to find it within academic insti-
tutions for the last century or so. It is John Ziman’s claim that although the term 
academic science by no means covers all scientific work going on2; in many respects 

2 Science within the setting of industry accounts for up to 90% of all research taking place (Ziman, 
2000, p. 16).
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it does, however, epitomize the traditional scientific self-understanding. Academic 
science of course includes many disciplines with separate sets of rules and epistemic 
values. However, “the sub-tribes of academia span a common culture” (Ziman, 
2000, p. 31) and to describe this culture in terms of its ideal values Ziman refers to 
the set of norms defined by the sociologist Robert Merton (1968). The norms include 
communalism, universality, disinterestedness, and organized scepticism and together 
they describe an ideal scientific endeavour that shares knowledge publicly, is cultur-
ally unbiased and free of material interests, and in which critical examination of 
published findings through peer-review provides the framework for systematic test-
ing of claims and thus the basis for the reliability of scientific findings. Put together, 
the initial letters of the Mertonian norms spell out the acronym CUDOS meaning 
acclaim or prestige, and ideally it is by performing and contributing to science 
according to these norms, the scientific ethos, that academic scientists earn recogni-
tion among their colleagues in the form of citations, titles, and employment (Ziman, 
2000, Chap. 3). The extent to which science has, and possibly can, actually be car-
ried out in compliance with this ethos has been much debated, nevertheless the ethos 
influences scientists’ behaviour and general attitude. For example, the norm of dis-
interestedness has been supportive of the view that the sphere of science can been 
seen as separated from “real life” (Ziman, 2000, pp. 53ff).

A crucial point made by Ziman is, however, that academic science is changing 
and giving way to a new post-academic science governed by a different ethos and 
occupying a different social role. The main characteristic of post-academic science 
is that it is turned outwards to a degree unknown to academic science. This is not 
only with reference to a growing openness between various disciplines inside sci-
ence. The focus of scientific attention is becoming increasingly influenced by out-
side forces. Post-academic science is to a large degree oriented towards complex 
conglomerates of problems that require multi-disciplinary approaches and thus 
force scientists to work together across disciplinary boundaries. Financial limits to 
growth of the scientific sector paired with an increasing instrumental sophistication 
and costliness in many scientific disciplines also force scientists to work together. 
Moreover, the limited financial sources have precipitated a hitherto unknown com-
petition for research funding. This development in turn influences scientists’ choice 
of research objects, since the funding bodies give away money according to priori-
ties influenced by current political and economic interests. Consequently, the sci-
entific focus shifts from the general quest of knowledge towards potential 
applications and exploitation of the knowledge generated according to current, and 
therefore necessarily limited, vision (Ziman, 2000, pp. 66ff).

However, the traditional academic scientific ethos is not compatible with this 
development and the changed requirements. Thus, the emergence of post-academic 
science signals the beginning of a novel scientific culture. In the new culture, for 
instance, the commitment of making public the knowledge acquired is likely to 
often conflict with commercial interests. The focus on specific problem solving 
may link research and technological development even more closely than is pres-
ently the case. In evaluating research results peer review will thus be supplied or 
replaced by quality control of people, projects, and performance. Consequently, 
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post-academic science will be infused with social values and interests. This may 
have consequences for the reliability of scientific knowledge – negative as feared 
by Ziman (1996) or positive as postulated by Nowotny et al. (2001).

Gibbons et al. (1994), and Nowotny et al. (2001) provide related accounts of 
contemporary changes to science. They propose that the “closer interaction of sci-
ence and society signals the emergence of a new kind of science: contextualized, or 
context-sensitive, science” (Nowotny et al., 2001, p. vii) in which the value of sci-
ence becomes more connected to its concrete use and the social impact of this use. 
The critique of scientific results is hence no longer primarily an internal scientific 
matter; various social actors with various social interests now join in. The authors 
suggest that a broad discussion of novel scientific development will test more 
aspects of this development than did traditional scientific discussions and therefore 
in a sense make it more reliable or socially robust (Nowotny et al. 2001, Chap. 11). 
Ziman, on the other hand, points out that this means that society loses science as 
the impartial expert.

In all circumstances it means that future demands put on scientists will be revo-
lutionarily different to the demands put on scientists in the traditional academic 
setting. Scientists must be aware of aspects of their research that are very different 
from the aspects relevant in the academic scientific culture. Instead of praising 
detachment from outside interests and the remoteness to practical utility of research 
results, scientists must become capable of anticipating potential applications and 
consequences, whether environmental, social, ethical and so forth, of their work. 
And they must become capable of discussing potential future scenarios with actors 
from outside the scientific sphere. Or, using the terminology developed above, they 
must become able to act reflectively.

2.3 Reflectivity as an Educational Concept

A next question arises: May education actually influence individual scientists and, 
crucially, science as an institution to act reflectively? In exploring an answer it is 
difficult to avoid the concept of Bildung from the German educational tradition.

2.3.1 Science Education in a Bildung Perspective

Bildung has classically been interpreted as education or maybe, rather, forma-
tion of the individual to become able to reflect upon and act to change the com-
mon conditions. I will not go into a further presentation of the Bildung idea here, 
but focus specifically on the distinction adaptation/Bildung launched by the 
Norwegian philosopher Jon Hellesnes (1976). As already noted, in the classical 
Bildung tradition Bildung is formation to become able to better the common 
conditions, not merely to become able to enter a community. Nevertheless, the 
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former necessitates the latter! Thus, the formation processes undertaken by the 
individual, and in the present context this equals education, will always be a 
form of socialization. As Hellesnes accentuates, the crucial issue is what kind of 
socialization is taking place. Hellesnes sees Bildung as the antithesis to adapta-
tion and hence as a reflective socialization in which “the rules of the game” are 
uncovered and critically evaluated – and talking general Bildung this game is 
society at large.

However, if we transfer this interpretation of Bildung to the tertiary science 
education context, some fundamental questions arise: Which game and rules are 
we talking about? On the face of it, the answer is of course straightforward. We are 
talking about science education, thus the game is surely science and the rules 
are obviously scientific ways of dealing with reality. However, what we learned 
from the analysis of the relation between science and society is that the answer is 
not straightforward! Science can no longer (if ever) be seen as an isolated entity. 
Rather, science is to a hitherto unknown degree interwoven in the societal develop-
ment and in pending social problems, both so in the form of risk creator, risk detec-
tor, and risk analyzer and in relation to the structures determining the focus of 
scientific research. Moreover, it was suggested that science and the conventional 
scientific self-perception is inadequate for dealing with this changed role of sci-
ence. It is against this background that the answer is clearly not merely science. The 
answer is to be found in the connection of science as a knowledge generator and as 
a social actor. The game new scientists are to become socialized into is thus this 
complex social institution of science, and the rules they are to learn concern scien-
tific research as such but also the relationship between science and society. Further, 
if this socialization is to amount to Bildung and not merely adaptation, this complex 
setting has to be somehow unveiled to the students and the students must become 
capable of critically reflecting upon it. The next question is of course, how can this 
be done? If education is socialization and what is desired is reflective socialization, 
then how is this acquired?

2.3.2 Science Education as Socialization

One proposed link between education, the socialization/Bildung of coming scien-
tists, and in turn societal development may be extracted from a Danish study of 
higher education by Bo Jacobsen (1981). Jacobsen hypothesizes a relationship 
between educational structure and personality types. Employing Jacobsen’s study, 
it may be proposed that socialization processes in higher education depend on at 
least two structural levels: An upper level of organization and general content of the 
education in question and an intermediate level of the concrete pedagogical interac-
tion taking place at the educational institution. Further, that it is the “tightness” or 
“looseness” of these different structural levels of the educational system that influ-
ence the socialization of students, so that tight systems tend to produce more tight-
minded individuals than loosely structured ones do.
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However, to claim that these structural levels determine the socialization of students 
is a simplification. First, students are not empty jars upon their arrival; they have 
already been socialized through their previous experiences, educational and others. 
Second, throughout their higher education students will receive inputs from sources 
other than the educational system per se; inputs that will also influence their sociali-
zation. And third, students are not simple mechanisms that can be expected to react 
in a certain way to a given stimulus.

Thus, I believe that Jacobensen’s approach, which may be read as being solely 
structuralistic, needs modification. In doing this, I will lean on Anthony Giddens’ 
theory of structuration.3 The theory of structuration is Giddens’ contribution to 
resolving the agent-structure dualism. He views the relationship between agent and 
structure as a coherent relation or duality where structures are seen as both the 
means for and the results of the actions of individual agents (Fig. 2.2). In Giddens’ 
optics, structures do not exist per se; rather they are constantly created and re-created 
through our actions. Since we base our actions on structures, we continuously 
reproduce them. The link between agent and structure is thus the social practice 
(Kaspersen, 1996, pp. 398–400).

Employing Giddens’ theory of structuration, socialization can be comprehended 
not merely as the product of structures but also as the basis for the reproduction of 
structures and thus ultimately for the structures themselves. Therefore, the adoption 
of this perspective can help us see beyond the existing structures and highlight the 
potential for change. Giddens gives part of “the responsibility” back to the indi-
vidual agents since structures in his point of view cannot be comprehended as 
something that is but only as something that becomes through reproduction (by 
agents). Thus, in contrast to a one-sided structure perspective Giddens’ theory pro-
vides a link between changes to the socialization of agents and changes to overlying 
structures, in turn society – or in the present context between science education and 
the role of science in society. In other words, in Giddens’ perspective working with 
the lower structural levels (as we in educational work do most of the time) or trying 
to “do something” as an individual agent, does posses potential for change.

3 Giddens’ structuration theory can be found in an elaborated version in Giddens (1984). However, 
I base my description on Kaspersen (1996).
4 The figure is based on the description of Giddens’s theory of structuration from Kaspersen 
(1996).

Fig. 2.2 Giddens’s structuration theory – the social practice4
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If we apply Hellesnes’ distinction between two forms of socialization, Bildung 
and adaptation, to Giddens’ theory of structuration then, depending on the sociali-
zation type, the actions of the agents, that is the reproduction of structures, becomes 
not merely reproduction but either a “blind” reproduction (simply following the 
game and the rules) or a reflective reproduction (questioning the game and the rules 
and if necessary working actively to change them). To illustrate this point I have 
elaborated Fig. 2.2 into Fig. 2.3.5

At this point, I will again consider the concept of reflectivity and use the term to 
designate both a reflection (cognitive action) and the action for change of the prac-
tices (active transformation). Against the background of the preceding analysis of 
education as socialization, a higher science education that matches the social 
 challenges identified earlier may thus be conceptualized as a socialization process 
allowing for reflectivity.

Thus, this analysis suggests that science education could be one place to initiate 
changes to the scientific self-perception. And further, that an educational practice 
which acknowledges the social need for a scientific community prepared to con-
front the problems and risks connected to scientific and technological development 
(and is thus developed as a response to the social challenges analyzed above) may 
be characterized as an educational setting in which the socialization of students is 
considered explicitly and measures are taken to ensure that the socialization proc-
esses are open for reflectivity.

But what does this imply in more concrete educational terms? On a very general 
level it implies that scientists need to develop additional abilities, sensitivities or 
competences. In addition to traditional academic scientific virtues (e.g., possess a 
broad professional base; skilled in laboratory techniques; the ability to find neces-
sary information, and the ability to make new discoveries), students must develop 

5 Giddens works with a related distinction when differentiating between practical and discursive 
consciousnesses. Our practical consciousness guides our actions – provides the background for 
“playing the game” – but most of the time we do not make explicit our knowledge. In contrast, 
our discursive consciousness enables us to present explanations for our actions and thus it also 
provides the basis for changing these actions (Kaspersen, 1996, pp. 400–404).

Fig. 2.3 Giddens’ structuration theory in a Bildung perspective
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a reflective approach to the scientific endeavour. The final questions that this study 
aspires to answer hence become the following: What does development of reflectiv-
ity imply? And how may we change higher science education as to put more focus 
on development thereof?

2.4 Reflectivity and Pedagogical Interaction6

In Bo Jacobsen’s study (1981) two structural levels influencing students’ socializa-
tion are identified: The upper level of organization of the studies and the level of 
pedagogical interaction. Concerning the upper level, one may tentatively say that 
organizational structures that endorse an integrative approach and the development 
of own structures must be promoted if the socialization process of students is to be 
open to reflectivity. I will, however, not engage in further analysis of this structural 
level – but focus instead on the second level of pedagogical interaction, which is of 
particular relevance in the present context.

2.4.1 Reflectivity and Content

In relation to the level of pedagogical interaction at least the content, the format, 
and the social relations of teaching and exam situations need to be considered. 
Concerning content let me start by introducing an example: teaching university 
chemistry students about halogenated organic compounds usually involves an intro-
duction to the spatial structure of the compounds, ways of synthesizing the com-
pounds and concrete examples of compounds from the group, DDT being one. This 
type of knowledge relates to chemistry as a product and it includes knowledge 
about chemical compounds, concepts, and laws. Borrowing from Leif Östman 
(1999), for the present purpose I will refer to this type of knowledge as ontological 
chemical knowledge. However, further aspects of chemical knowledge exist. First, 
in the teaching of halogenated compounds the historical background to the synthe-
sis of these compounds or perhaps a discussion of the synthesis and testing proce-
dures linked to the development of new chemical compounds could be included. All 
these aspects are linked to another sphere of the subject of chemistry, which I will 
refer to as the epistemological sphere (Östman, 1999) or the understanding of 
chemistry as an activity and as a scientific community. Second, the subject of chem-
istry also consists of a third sphere. This could be referred to as the social or ethical 
sphere (Östman, 1999) and it contains knowledge of chemistry in a social context, 

6 This interpretation of scientific reflectivity is partially based on experience from an experimental 
ethics teaching sequence and subsequent interviews with chemistry students at the University of 
Copenhagen (see Eriksen, 2003).
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including questions of how chemistry is part of society and which considerations 
(ethical) could be made in this regard. In the case of halogenated hydrocarbons a 
discussion of the use of DDT as an insecticide and the consequences now being 
linked to this use could be a way to include this third sphere of the subject of chem-
istry in the actual teaching.

The explicit incorporation of all three spheres of chemical knowledge into tertiary 
chemical education could help ensure reflectivity at the subject content level – the 
constant reflection on this content knowledge: What is chemical knowledge? How 
is it produced? Is it true? How is it used? What are its limitations? What are the 
benefits and dangers connected to this use? Do we as chemists have a responsibility 
for this use? Traditionally, much chemistry teaching at university level has primarily 
been linked to the ontological knowledge sphere of chemistry, carrying with it a 
tendency to treat the subject of chemistry as a collection of factual information that 
should be learned as well as possible (Eriksen, 2003). But as discussed above this is 
not an adequate approach; all three spheres of chemical knowledge must be included 
in the teaching in order to explicate and open the rules of the chemistry game for 
reflection and debate. Paraphrasing Kant we can say: reflectivity without content is 
empty, content without reflectivity is blind!

2.4.2 Reflectivity and Format

In the interpretation launched here, reflectivity is connected to both the understand-
ing of rules and of the development of abilities to reflect upon and actively change 
these rules. This accentuates the role of the actual teaching, and it seems obvious 
that forms of teaching where the teacher presents accepted knowledge to the stu-
dents who are then supposed to internalize this knowledge is not compatible with 
this aim. Wolfgang Klafki (2001, pp. 162–184) as the teaching basis for his categorial 
Bildung suggests exemplary learning. Exemplary learning, basically, employs the 
idea that working with the particular case as starting point, students can gradually 
develop more or less generally applicable insights. By means of these general 
insights students should become able to comprehend structurally related phenom-
ena; that is to develop categorial insight, and thus ultimately to critically evaluate 
and act upon future categorically related challenges. Employing an exemplary 
learning approach, the teaching process is therefore not seen as the presentation of 
pre-determined knowledge and skills for the students to acquire, rather it is focused 
on pedagogical assistance of the students’ own active learning. Central formats for 
exemplary learning are hence experimental work and project work in which the 
acquisition of basic, categorical insights and abilities are prioritized. However, 
students cannot acquire all the knowledge they need through time-consuming 
exemplary learning. It must be supplemented with orientation-like teaching. In 
Klafki’s point of view exemplary learning provides precisely the necessary ballast 
for extracting meaningful messages from a more informative (fact-presenting) 
teaching. Thus, exemplary absorption and the acquisition of broad orientation-like 
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knowledge are not merely supplementary; they actually provide the necessary basis 
for each other to occur.

Accepting Klafki’s analysis of exemplary learning we can now undertake a more 
nuanced discussion of teaching formats and socialization of students. If the aim is 
opening for reflectivity, the teaching can of course not be carried out solely in 
transfer-oriented settings. However, from Klafki’s analysis it becomes clear that the 
crucial factor is not that all teaching activities are based on project work and room 
for students’ own discovery and categorization of reality. Rather, the idea must be 
to secure anchorage points in the subject matter. At crucial “points of impact” in 
the content of a given course students must be given the opportunity to work inde-
pendently and in depth and thus to develop their own categories or structures for 
comprehending this particular exemplary piece of knowledge.

2.4.3 Reflectivity and Social Relations

According to Jacobsen’s (1981) subdivision of the intermediate pedagogical struc-
tural level, a third dimension has to be taken into account when the influence of this 
level on the students’ socialization is discussed: the social relations. And it seems 
obvious that adaptive socialization and socialization as Bildung are correlated with 
very different forms of social interaction between both teachers and students and 
in-between students. If students are to develop the ability to criticize the rules of the 
game they cannot solely find themselves in situations where someone else has the 
authority to determine right from wrong. Instead, at least some of the time they 
must become engaged in situations where their own interpretations and opinions 
are recognized and valued. In other words, the teaching situations must sometimes 
be based on dialogue – a dialogue in which students and teachers engage on (to the 
extent possible) equal terms.

2.4.4 Reflectivity and a Note on Exams

My reflections on the structural level of pedagogical interaction have primarily 
been concerned with the teaching setting. However, as Jacobsen also stresses in his 
study, the settings of teaching and exams act in concert. Parallel to the above argued 
effects of the explicit and implicit messages sent to students through the teaching, 
the organization of exams can be said to profoundly influence the students’ encul-
turation into accepted attitudes and priorities and thus ultimately their socialization. 
To exemplify, the teaching may very well be based on project work and aimed at 
the development of insight into the underlying principles. If exams test and reward 
only the acquisition or rote learning of facts and figures students will of course 
adjust to this and focus on these aspects in their studies, despite the intentions 
behind the teaching.
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I will not, however, more explicitly consider the various exam formats. The 
reflections on exam content, format and social relations do not differ significantly 
from the reflections on the teaching setting already encountered and I will leave the 
transfer of arguments to the reader.

2.5 Reflectivity Operationalized

As already revealed the present study suggests that education into a reflective sci-
entific practice may be operationalized through the concepts of contextual aware-
ness, gap sensitive interaction, and professional humility. These concepts grew 
from experimental teaching of ethics at the University of Copenhagen and subse-
quent evaluation in collaboration with students and teachers (Eriksen, 2003).

2.5.1 Contextual Awareness

As discussed above the concept of reflectivity entails an aspect of contextual 
awareness. If scientists are to contribute to the social reflectivity they must 
be(come) aware of the contextualized nature of science. That is, they must develop 
an understanding of the cultural and philosophical context in which science is 
embedded. I suggest that the development of this contextual awareness requires that 
the curriculum as a whole reflects the contextualized nature of science. Otherwise 
the discrepancy between for example one course in philosophy of science and the 
“hidden curriculum” behind the composition of the rest of the courses may lead 
(some) students to, at best, view philosophical reflections on science merely as a 
spice on the “science dish” or, at worst, as a waste of time. Exemplary case based 
projects could act as possible anchorage points for unfolding of the contextualized 
nature of science.

Taking chemistry education as an example, this idea of contextual awareness and 
a case based development thereof can be illustrated. Developing contextual aware-
ness in relation to organic chemistry means that students must develop an apprecia-
tion not only of different types of organic compounds, typical reactions, and 
synthetic pathways but also of the contextual embedding of organic chemistry. In 
other words the need to develop knowledge from all of the three spheres presented 
above, that is the ontological, the epistemological, and the ethical spheres. The field 
of organic chemistry is embedded in a historical, disciplinary and societal context. 
Developing an awareness of the two former contexts means that students must gain 
insight into the historical development of the chemical subfield of organic chemis-
try: what is the basis for the emergence of such a field? Why is it called organic 
chemistry? How has it developed? What are its aims? What are its constraints? How 
is it connected to other chemical disciplines? And developing an awareness of the 
latter context means that students must learn about the applications of organic 
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chemistry; about the panoply of societal contexts dependent on organic chemistry 
(food industry, medicine, agriculture to mention a few) and about the enormous 
impact which the explosive development of our ability to synthesize new organic 
compounds has had on society.

Exemplary learning based on a case centred on one organic compound like DDT 
may easily exemplify many of these aspects (Simon, 1999). Working with a 
DDT case along different lines could for example illustrate the emergence of an 
organic chemical subfield (based on the growing understanding of the structure of 
organic compounds, chemists in the last part of the nineteenth century became able 
to analyze compounds and to suggest methods for their synthesis and DDT was first 
synthesized in this exciting time). Furthermore, the DDT story illustrates a growing 
application oriented and commercial interest in organic synthesis (the insecticidal 
properties of DDT were discovered during a large screening project for potential 
insecticides); the widespread use of organic compounds in society (DDT has been 
used as an insecticide in private homes, the military, and in agriculture); environmen-
tal effects (the story of DDT in nature illustrates food chain accumulation, degrada-
tion, or lack thereof, spreading from the point of impact, effects on living organisms 
etc.); as well as social effects (the development of a large industry-like agriculture in 
the West has been dependent on fertilisers and insecticides and it has transformed 
many aspects of society, environmental issues influence a wide range of societal 
actions from political decision making to grocery shopping). Thus, by working with 
a case like the DDT story students’ contextual awareness of organic chemistry could 
be developed. The idea is not to turn science students into historians or sociologists 
but to develop their awareness of the contextual embedding of their own discipline in 
order to develop their ability to co-create social reflectivity in their role as scientists.

2.5.2 Gap Sensitive Interaction

As outlined above much more than good rhetorical skill is an issue when develop-
ing an interactive competence suited to partaking in social reflectivity. Students 
must become able to interact in what we might refer to as “a gap sensitive way.” 
That is, students must become able not only to present research results in an easily 
comprehensible way, but also to engage in discussions of the implications, at sev-
eral levels, of these research results, and, in doing this, being sensitive to several 
potential gaps. Previously in this study, we have identified at least one gap, which 
can now be considered, that is the gap between contemporary contextualized sci-
ence and the conventional, academic scientific self-understanding. Furthermore, 
awareness of the gaps between science and ethics; between different ways of per-
ceiving the world, nature, and man’s right to “fiddle” therewith; and between a 
scientific and a “lay” interpretation of central concepts such as risk are central for 
gap sensitive interaction.

Again referring to the DDT story, we may exemplify some of these gaps: To 
decide whether the use of DDT should be prohibited when currently many 
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 developing countries have no realistic alternative in their fight against malaria is a 
question that spans the gap between science and ethics. We need science to estimate 
the risks connected to the use of DDT as a preventive measure in the fight against 
malaria and we need science in order to develop safer alternatives. However, decid-
ing whether to continue the use of DDT in this relation is not a scientific question 
and science cannot provide an answer, only necessary background information. 
It is possibly less obvious that the issue of risk estimation spans the same gap. As 
discussed by Beck, the use of science to analyze risks and the use of scientific lan-
guage when risks are described can make us blind to their real nature. So when 
discussing the risks connected to the use of DDT and thus parameters such as 
“acceptable values” and “average exposure,” we do not always realize that we are 
really allowing “a permanent ration of collective standardized poisoning” (Beck, 
1992, p. 65). When employed in a gap insensitive way, the use of science and of 
scientific language can be a way to obscure that risk estimation is also a matter of 
ethics, not merely chemistry – we should not poison each other (completely. . .).

2.5.3 Professional Humility

Closely connected to interacting in a gap sensitive way is the development of what 
we may label professional humility. In this concept I include the idea that in order 
to communicate genuinely with critics of their research scientists must develop a 
humble attitude towards their own professional knowledge. I do not mean to indi-
cate that scientists should abandon their understanding of science as an outstanding 
knowledge generator, but merely that they must develop the awareness that nothing 
is certain, that science engineered to solve one problem may generate new and 
worse problems, and that science can not answer all types of questions; some for 
instance are questions of ethics. If scientists are to become productive partakers in 
social reflectivity, science students can not leave university with the attitude that 
“ordinary people” are simply too stupid or frightened to understand anything or that 
science “knows” all the answers. Instead, they must appreciate the fact that every-
thing is more or less uncertain and that attention must also be given to these uncer-
tainties and to potential “blind spots” in our knowledge. A crucial aspect of 
scientific reflectivity is the realization of the extremely difficult position in which 
science and society are caught; while we do not know everything, we have to make 
decisions. And development of professional humility may be one way of attempting 
to minimize the risks we inflict on ourselves.

For example, in the case of DDT the discourse in the community debating and 
influencing the use of DDT and other pesticides remained dominated for a long time 
by a focus on the actual, immediately recognizable damage; this was despite the fact 
that in debates on pesticide use an emerging focus on potential damages as opposed 
to immediate ones date back to the late 1920s (Böschen, 2002). A more pronounced 
professional humility, that is more explicit awareness of the limitations of our 
knowledge and of the blindness that goes hand in hand with any focused attention, 
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might have given the potential damages connected to the widespread use of DDT 
more weight at an earlier stage in the discussion and decision-making process.

2.6 Anchored Ethical Dialogues

Having now, through the concepts of contextual awareness, gap sensitive interaction, 
and professional humility interpreted and developed aspects of scientific reflectivity, 
let us turn instead to the process: how exactly are we supposed to develop students’ 
contextual awareness and so forth? I have suggested that the answer may be case 
based exemplary work and ethical dialogue. Below I will take a closer look of a 
teaching and learning “method” that aspires to combine the two things.

2.6.1 A Note on Anchorage

I suggest the introduction of “anchorage points” on a regular basis (e.g., twice or 
thrice a year) into the planned study programmes. That is, opportunities for the stu-
dents to reflectively relate to the bigger picture. Further, I suggest that these anchor-
age points may take the form of anchored ethical dialogues. By this notion I mean 
ethical dialogues anchored to a concrete case (with a basis in students’ course work) 
that students work with for some time. It has been suggested here that engaging in 
dialogue and being challenged by different viewpoints on the situation in question is 
crucial for a reflective educational practice. And here the anchored ethical dialogues 
enter the stage. The students’ in-depth work with a concrete case provides an excel-
lent opportunity for discussing ethical questions connected to the case. In this way 
the ethical dialogue becomes anchored to concrete circumstances and to the other 
aspects of the case on which the students have worked extensively.

2.6.2 A Note on Ethics

In a science teaching context ethics is often interpreted as good scientific conduct. 
It is my claim that this interpretation of ethics in the university chemistry teaching 
setting is inadequate. The difference between my idea of the ethical sphere intro-
duced previously and good scientific conduct boils down to the following “learn-
ing how to do science the right way” versus a critical approach “what is the right 
thing to do and why?” Contained in this latter is a broadening of the students’ 
world perspective and the ability to see the relatedness of various spheres, whereas 
a limited, internal perception of ethics leaves out reflections on science as a social 
actor. At its extreme, the limited, internal perception of ethics teaching could con-
vey to the students the idea that when everything is being performed according to 
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the internal ethical guidelines, it constitutes “good science,” the responsibility of 
the scientist is fulfilled. This leaves out the social dimension and as Ziman (2002, 
p. 43) points out:

[T]he scientist who takes a job doing research on Napalm on the grounds that it is ‘good 
chemistry’ is almost as much a pervert as the medical researcher who experiments on 
patients without their informed consent. Doing ‘good science’ is not synonymous with 
being a good person.

So, we can add that this view on science is definitely not the answer to the call for 
increased reflectivity. In continuation of this, I suggest perceiving ethics in relation 
to chemical education as contextualized ethics and to include under this heading 
reflections via for example historical, philosophical, and sociological analysis on 
the chemical enterprise and the values governing this endeavour, including the 
discussion of the adequacy of these values. Ultimately, the ethical sphere thus refers 
to the question of how we want to live and it encompasses reflections on scientific 
development and its consequences for humankind.

In order to make this idea of ethics operative in teaching, some additional reflec-
tions are needed. The kind of ethics we are talking about is obviously a sort of 
practical or applied ethics (Thomassen, 1997, p. 38). Bent Flyvbjerg’s (1993, pp. 
20–22) interpretation of a phonetic idea of an applied ethics focuses, for the choice 
of a line of action, on studies and analysis of the concrete case within its context, 
not on the application of a general ethical theory on specific cases. This understand-
ing of applied ethics does not exclude the use of ethical theory in decision-making, 
it merely emphasizes that the basis is always the specific case, not the application 
of a specific ethical theory. Thereby, the phronetic idea of an applied ethics is in 
accordance with the methodological idea of contextualism as introduced by Earl 
Winkler (1993, p. 344):

[Contextualism] is the idea, roughly, that moral problems must be resolved within concrete 
circumstances, in all their interpretive complexity, by appeal to relevant historical and 
cultural traditions, with reference to critical institutional and professional norms and vir-
tues, and by utilizing the primary method of comparative case analysis.

2.6.3 A Note on Dialogue

As the notion “anchored ethical dialogue” indicates an important aspect of the 
teaching method I advocate here is dialogue. It was argued above that engaging in 
dialogue and being challenged by different viewpoints on the situation in question 
is crucial for a reflective educational practice. As discussed, it is important that this 
dialogue is anchored in a concrete case. Further, it is crucial that a genuine dialogue 
is taking place, and that the case work thus represents an opportunity for breaking 
the sender-recipient relationship between teachers and students. One may easily 
imagine that students who “come back” from the mental journey into an exemplary 
case, present their results, and in class discuss with the other groups ethical ques-
tions related to the case, will experience a very different meeting with their teacher. 
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Suddenly students will have “been to places” that the teacher has not necessarily 
“seen.” I believe such experiences could be important for students’ ability to 
develop an own attitude to the scientific game they are becoming partakers in.

Other, more practice tied, considerations must be made: These include “dialogue 
catalysts” and “dialogue shapers.” In order to create a catchy dialogue in a group of 
students, a large number of who are likely to share professional viewpoints, the 
discussion material or the discussion format must somehow act as a catalyst. And 
in order to create a constructive dialogue that will actually enrich and refine stu-
dents’ viewpoints and dialogical approaches, the students must be introduced to 
various tools for shaping the dialogue. Relating to the catalysts, several suggestions 
may be proposed: the case that provides the basis for the ethical dialogue could 
include materials that provoke firmly cemented attitudes. Or, as part of the project 
students may be asked to produce arguments for opposing viewpoints (not neces-
sarily their own ones). More interesting – when also considering the development 
of professional humility and gap sensitive interaction – is the idea that the anchored 
ethical dialogues should include people from “outside,” for example students from 
other faculties than that of science. For example, biology, medicine and psychology 
students discussing the brain and the experience of self, or biochemistry and theol-
ogy students discussing the concept of life would, given the proper guidance, prob-
ably develop students’ comprehension of both their own discipline and of 
differences and similarities between this and other disciplines, their basic assump-
tions, and approaches to the material world. In this way students could become 
sensitized to other ways of comprehending the world.

About the discussion shapers, we may propose that students need to be intro-
duced formally to ways of building an argument; to an overview of different ethical 
theories; and to epistemological reflections on science if the ethical dialogues are 
to become sufficiently concrete to the students.

To put it briefly, we may say that in anchored ethical dialogues one may at the 
same time stimulate several aspects connected to the development of students’ 
reflectivity. Thus, the combination of casework and anchored ethical dialogues 
seem to tie together the development of contextualized awareness, professional 
humility, as well as gap sensitive interactive skills (see Fig. 2.1).

2.7 Conclusion

In conclusion, the present study suggests that one challenge science education is 
currently facing is to prepare students for the changed societal role of science, and 
that this implies that future scientists must be prepared to see science as an integral 
part of societal development and for partaking in social reflectivity. Further, that 
this necessitates a reflective educational practice which aspires to develop (at least) 
students’ contextual awareness, professional humility, and their ability to interact 
in a gap sensitive way. Finally, the idea has been developed that one road towards 
this goal could be to include in the curriculum, project work and anchored ethical 
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dialogues that “force” students to contemplate the contextualized nature of science, 
to engage in discussions of ethical questions, and to become challenged by different 
viewpoints on the case, science, and the world in general.

While the introduced notion of social reflectivity relates to general socio-politi-
cal considerations, the presented operationalization of reflectivity, and the develop-
ment of the idea of anchored ethical dialogue, transfers the discussion to the 
micro-level and thus focus directly on changes to the processes of teaching and 
learning.

A further refinement of our understanding of development of students’ scientific 
reflectivity and more concrete suggestions for teaching “approaches” await more 
empirically based data. Currently Danish higher educational institutions are work-
ing to implement mandatory philosophy of science courses into their study pro-
grammes. Gathering experiences from the science departments could be an 
interesting place to start.
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Chapter 3
The Development of a New Laboratory 
Course in Chemistry

Rie Troelsen

It is especially important that we develop new perspectives for laboratory instruction in 
science. It is a widely accepted credo that experiences in the laboratory are essential to 
effective science programs. Occasionally this tenet is questioned, however, and, although 
laboratory experiences survive, the answers offered to critics are not overwhelmingly 
impressive. Certainly laboratory work is not as efficient and effective a mode of instruction 
as it might be, and it is high time that we take a hard look, with a fresh perspective, at 
learning in the laboratory.

(Anderson, 1976, p. vi)

This opening quotation is taken from a book entitled The Experience of Science: A 
New Perspective for Laboratory Teaching in which it is advocated that given the 
massive expansion in the amount of scientific knowledge, it is crucial, with regard 
to lab work, to give a great deal of consideration to what kind of information is 
presented to the students and what approach is used. The book and the recommen-
dations are more than 30 years old but there is still a need to develop new perspec-
tives for laboratory instruction in science.

In this chapter I will try to respond to this need by describing the development 
of a new laboratory course in introductory chemistry at university level. Society has 
changed dramatically over the last 40 years and with that,students, educational 
goals and the amount of professional knowledge have also changed. These are all 
changes that require a different approach to teaching and learning at universities. 
The key concept in this different approach is teaching with a competence focus 
rather than a syllabus focus. But how are the visions of teaching with a competence-
based focus implemented in a “real” university teaching sequence? This is the 
question I try to answer in this chapter by describing the developmental process 
involved in transforming a traditional lab course, which concentrates on the learn-
ing of factual knowledge and craftsmanship for its own sake, into a course which 
aims at competence-based learning of factual and procedural knowledge.

As the first step in the development of a new course, however, I will briefly 
outline some reflections on the nature of contemporary society and the essential 
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abilities this society demands, which form the basis of the course. Previous 
research and developmental projects focusing on competence-based teaching in a 
lab work setting is another kind of basis of the course. Hence, an overview of 
former research in the area follows, serving as a catalogue of inspiration for the 
development of the first version and trial run of the laboratory course. This is 
described and analyzed in the second part of the chapter in terms of the relation-
ship between the teacher’s intended objectives and the students’ perceived learn-
ing outcome. A range of problems and questions arise from this analysis, and 
with these problems in mind – as well as findings from former research on teach-
ers’ views on laboratory teaching – I will move on to the third step in the develop-
ment of a competence-based course: a proposal for an improved version of the 
same lab course.

3.1 The Basis for the Course

In order to determine what types of knowledge and skills students need to develop 
during the course of their university education, the nature of the society in which 
graduates are going to work and live must be considered. This must be kept in 
mind when developing a new course at tertiary level (and all other educational 
levels).

3.1.1  The “Reflective Society of Knowledge” and the Essential 
Abilities Needed in This Society

Based various sociologists’ and philosophers’ (Bauman, 1992; Beck, 1992; 
Giddens, 1990; Qvortrup, 2000; Simonsen and Ulriksen, 1998 and Ziehe, 1989) 
thoughts and descriptions of contemporary society’s features, I suggest that con-
temporary society should be regarded as a “reflective society of knowledge”. This 
designation implies that knowledge and lifelong learning are essential driving 
forces in future societal development. Knowledge is here not to be understood in a 
narrow sense as purely intellectual and academic knowledge but also as encompass-
ing practical and social knowledge. Furthermore, knowledge of knowledge, that is, 
acknowledgment and verbalization of personal knowledge and ways of obtaining 
more knowledge, also becomes – or may already be – a crucial factor in future 
society and possibly the most important individual qualification for ensuring the 
competence of future citizens.

Today, all this knowledge and learning is permeated by a reflectivity that is far 
deeper and broader than ever before. All knowledge is subject to reflection, and 
today, being able to reflect, put into perspective and choose are necessary and 
important skills in a society that no longer provides secure points of reference.
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For these reasons I find the concept of a “reflective society of knowledge” useful 
in describing the challenges and pitfalls that characterize contemporary society. 
These characteristics are manifested in the way hierarchies are crumbling while 
networking as a concept is emerging as the new form of cooperation, in the way 
that moral and ethical values are experiencing a renaissance in which citizens seek 
new, fixed standpoints, and in the speed at which development is increasing and 
knowledge is being outdated. At the same time, and as a consequence of this, new 
class barriers are arising between those who know and are able to acquire new 
knowledge and those who cannot.

In a reflective society of knowledge in which the all-important factors increas-
ingly are knowledge, the acquisition of knowledge, and the application of knowl-
edge, educational institutions, including universities, play a central role. 
A greater amount of learning will undoubtedly be moved into organizations and 
companies but universities have a unique opportunity as well as a societal obliga-
tion to take the shift in societal structure seriously and equip the ever-increasing 
number of students with the abilities necessary to succeed as citizens.

Precisely what abilities are necessary for the present and future citizen? What 
abilities and skills are required to succeed in a reflective society of knowledge? In 
the field of education – as in many others fields – there is a growing recognition 
that society’s need for citizens who are ready to change, are in possession of ana-
lytic and cooperative abilities and are capable of engaging in lifelong learning 
processes fail to be satisfied by the previous focus on syllabus mastering as the 
dominating goal of education. Hence, in the field of education the concept of com-
petence is seen as a means to help the system on its way to an increased focus on 
how the learner is learning a given subject rather than how the teacher is teaching 
the subject.

One answer to the above questions seems to be that the concept of competence 
has to be implemented in tertiary education in order to educate future academics 
and citizens. Their implementation implies designing teaching that insists on devel-
oping competencies. This can be formulated as a range of principles for all teaching 
situations and for education in general:

● a social dimension
● a value orientation in terms of both the choice of content and the communication 

of this content
● participant responsibility for learning as well as for teaching
● a new professional teacher role based on pedagogy and subject-related 

didactics1.

These principles apply to every teaching situation and to every form of science 
education at universities, but in this chapter I will focus mainly on how to apply 
them in a chemistry laboratory-teaching context.

1 ‘Didactics’ is here and throughout the chapter used as the very broad sense of theories of teaching 
and learning in all circumstances and in all forms. I adhere to the wider European use of the term 
and not the English use of it.
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To sum up, the development of society increasingly forces the educational world to 
regard the development of competencies rather than the development of factual 
knowledge as the goal of education. This is, of course, also the case in the area of 
chemistry laboratory teaching. Content knowledge is not disclaimed but the 
approach to teaching and learning of the content must be renewed.

3.1.2  An Overview of Previous Research and Developmental 
Projects Focusing on Competence-Based Teaching 
in a Laboratory Setting

This renewed approach to teaching and learning chemistry content implies, of 
course, renewed approaches to designing actual teaching situations. In an actual 
teaching situation it is not sufficient to simply change some isolated exercises into 
more open-ended exercises while maintaining the traditional form of evaluation, 
the teacher’s role, and the expectations of student engagement. The idea behind a 
course, its aims and objectives, and its form and evaluation must be changed if 
everyone involved in the teaching situation, including students, teachers, and labo-
ratory technicians, is to contribute to carrying out an optimal course, which effec-
tively combines aims with outcome.

For these reasons, special attention is now drawn to previous literature that 
describes alternative forms of laboratory teaching aimed at promoting the develop-
ment of competencies relevant in present and future society. The aim of describing 
the following alternative forms of lab teaching is to shed light on possible ways of 
designing lab courses where students work with scientific problems in order to 
strengthen their problem solving skills and to develop different social, personal and 
scientific competencies. Furthermore, the selection of literature builds on the crite-
ria that the alternative teaching should be, as a rule, tertiary, within chemistry or 
chemistry related subjects and based on goals of teaching students something more 
than craftsmanship skills and training in following instructions.

Arce and Betancourt (1997) describe one piece of research that meets these 
criteria. The researchers follow a first-year university chemistry laboratory course. 
As a background for this research, the writers state that they want to get first-year 
students to engage in scientific laboratory investigations. Hence, they have devel-
oped simple projects that present the students with a problem to solve without the 
help of detailed information on experimental procedures, but with the guidance of 
a range of questions aimed at pointing the students in the right direction. The 
projects are developed on the basis of six general elements: the learning cycle, the 
challenge level, factual knowledge and guiding questions, time to think and to 
repeat, a safe environment, and evaluation with emphasis on thinking. The learning 
cycle consists of three phases: exploration, interpretation and application, and the 
projects guide the students through a complete cycle. Focus on the challenge level 
implies matching the student’s skill level and the level of difficulty of the experi-
ment to avoid frustration as well as boredom. In order to help the students stay 
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focused, every project begins with a review of the necessary factual knowledge 
needed to work with the problem and also provides guiding questions. It is impor-
tant to devote enough time to think and to repeat in the projects to promote reflec-
tion and scientific thinking. A safe learning environment is necessary if the students 
are to develop thinking skills rather than focusing on reaching a correct answer. 
Last, but not least, it is crucial that the evaluation emphasizes thinking in order to 
direct the students’ attention to what is important.

In the same way, an introductory analytical chemistry course described by 
Wright aims at allowing the students to actively experience the feeling of being 
practicing professionals (Wright, 1996). The course is based on an active learning 
perspective and is designed to involve a cooperative learning style, spreadsheet 
programmes and open-ended laboratory projects. The open-ended lab projects have 
well-defined goals, but students are free to use their creativity in reaching these 
goals. Many of the projects are based on traditional lab experiments and are con-
ceptually simple but nevertheless rich in detail and many unanticipated problems 
may arise during the process. The students must cooperate in groups of four to 
solve every problem in the project. This means that one student concentrates on 
measuring methods, one on concepts and theories, one on statistics and error analysis, 
and one on group management. Each member of the group meets with a teaching 
assistant and other students with the same tasks from other groups to discuss, for 
instance, measuring methods, and is then responsible for passing that knowledge on 
to the rest of the group. The project finishes with a group report including descrip-
tions of the experimental design, the results and a discussion. The students in the 
group meet with the teacher and teaching assistants to discuss the report on a 
relatively high scientific level.

Experiments with laboratory teaching have also been made in a first-year univer-
sity chemistry course in Holland (Biessels, 2000). The course is called From Mono-
ester to Poly-ester and its main goals are to introduce students to a multidisciplinary 
problem approach involving the obtaining of information through literature 
searches, the construction of an approach to solving chemical problems through 
discussions and cooperation with colleagues, the production of written and oral 
reports, and the mastering of the basic skills necessary for working in a chemistry 
lab. The course begins with an introduction to the rest of the course and concludes 
with student reports and evaluation sessions. The in-between part of the course is 
organized in five phases. In Phase 1 the students are lectured on safety, ester syn-
theses in theory, library searches, and how to cooperate. The students are lectured 
on measuring methods in Phase 2, and are required to synthesize, purify and ana-
lyze 6 esters. Phase 3 consists of physicochemical experiments and the oral pres-
entation by students in their subgroups of six of their results from Phases 2 and 3. 
During this phase the students have to prepare several “products” for the teaching 
assistant, including the oral presentations and the evaluation of these presentations, 
protocols for the determination of the physicochemical parameters, and a list of 
aims and a time schedule for this phase. In Phase 4 the students are lectured on 
polyesters and their syntheses, and synthesize and characterize a polyester. Here 
too, protocols for the synthesis and characterization of the ester, and time schedules 
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are to be handed in to the assistant. The last phase, Phase 5, includes an oral pres-
entation of all experiments to a subgroup of colleagues and is followed by handing 
in a list of aims and a time schedule for this phase to the assistant as well as the oral 
presentation and the evaluation of this presentation. This form of organization of a 
lab course depends heavily on well-educated teaching assistants in terms of both 
experimental overview and pedagogical knowledge.

Another example of teaching in a chemistry lab, which does not prompt the stu-
dents to “follow a recipe”, also starts with the students solving a problem through 
lab teaching. In this case the problem is characterized by having a closer connection 
to “the real world” than the teaching projects described above. Ram (1999) describes 
a second-year university analytical chemistry lab course in which problem-based 
learning (PBL) has been successfully implemented. There are five well-defined 
stages in the PBL process: introduction, inquiry, self-directed study, revisiting the 
hypothesis, and self-evaluation. Students concentrate on solving one problem during 
a semester. In this case, the problem is to identify, understand and run analyses on 
water samples collected in a local polluted river. The students are organized in 
groups of two or three that are responsible for one or two water quality tests. The 
groups’ duties include collecting equipment for their specific test(s), running the 
standards, helping their fellow students conduct the test, and finally, collecting eve-
ryone’s data and performing the data analysis. In this way all students perform nine 
water quality tests. Ram concludes that PBL is an effective way of motivating stu-
dents by allowing students to experience authentic problems and carry out self-
directed studies. The course has, however, been very time-consuming, a fact that 
needs to be taken into consideration by students and educational planners.

The previous four lab courses have to varying degrees tried to involve “the real 
world” by transferring problems from the surrounding environment to the labora-
tory for closer analysis. This last example of an alternative teaching sequence goes 
one step further into the real world by making collaboration between students and 
local or regional companies on the premises of the company mandatory, albeit 
adjusted to the students’ educational level (Henderson and Buising, 2001). The 
overall aim of this lab course is to be research based, student centred and cross-
disciplinary by attempting to mimic real-life experiences in research laboratories. 
The research company, which is a cornerstone of the course, provides relevant 
experiments, mentors, materials and apparatus. In return, the scientists at the com-
pany receive useful data from the students, gain teaching experience, and establish 
relationships with the community and future scientists. The course consists of the 
following components: A technique symposia, where the students present tech-
niques to each other, preparation for research, which involves students meeting 
company staff, the research problem, which the students define in groups, grant 
writing, which requires students to describe the problem and experimental plans, to 
prepare a literature review, and to draw up a budget, research, involving the con-
ducting of the actual research, peer reviews, through which students evaluate each 
other’s participation, research reports, in which students present their work in 
poster and journal format, and finally, peer evaluation of reports, whereby the stu-
dents evaluate each other’s written and oral performance.



3 The Development of a New Laboratory Course in Chemistry 69

As mentioned before, my aim in describing the research projects above was to 
shed light on possible ways of designing lab courses where students work with 
scientific problems in order to strengthen their problem solving skills and to 
develop different social, personal and scientific competencies instead of working 
with scientific problems for the sake of the problems themselves. There are many 
different ways to do this but some general guidelines may be suggested:

● Start out with traditional teaching to prepare for project work
● Ownership is important, so let students pick their own problem
● Let students work in groups
● Let students present their results and processes to each other
● Create a form of evaluation that focuses mainly on students’ work processes and 

to a lesser extent on experimental results.

There are two main problems associated with these courses. First, they are 
extremely time-consuming for students. The students are expected to work far more 
outside the scheduled classes than they are in traditional courses. Second, the 
teacher role changes. In addition to being a good researcher and scientist, the 
teacher must act as a facilitator of the students’ learning processes, and be able to 
identify and analyze group dynamics.

3.2  Description and Analysis of the First 
Version of the Course

In the following I will describe and analyze the first version of a chemistry lab 
course that is developed with the guidelines above as a starting point. The term 
“first version” relates to the developmental process from visions of competence-
based teaching to implementation in an actual lab course. This first version of the 
course should be regarded as an attempt, by means of a “real” university teaching 
sequence, to be specific about the ideas of a kind of teaching that meets the chal-
lenges of contemporary society and students and focuses on the development of 
competencies in a sound professional context.

The first version of the course is based on the above guidelines suggested from 
reviewing the literature. By reviewing the literature one can learn from a range of 
experiences and presumably avoid many practical and communicative pitfalls in 
developing one’s “own” lab course. Nonetheless, it is necessary to gain personal 
experience because every lab course is embodied in a specific context featuring 
both practical, staff related, subject related, institutional and student related 
elements.

In the following I will describe a lab course in general chemistry at the 
University of Southern Denmark, aimed at gaining that experience. In addition to 
the communication of chemical knowledge, the aim of the course is to help students 
attain more than an ordinary mastery of the syllabus. This is achieved in part by 
restructuring the course into a more project-oriented form.
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In order to learn, in a further developmental process, the course is also analyzed 
in relation to the intended goals and the outcome of the course. This is done by 
regarding to the three different levels of the teaching situation: what the teacher 
intends, what the teacher presents through his teaching, and what the learner learns. 
An identification of possible matches or mismatches between these three levels 
leads in a constructive way to the development of further and more effective ver-
sions of the lab course.

When the following analysis was conducted, the course was held for the first 
time and still regarded as an experiment.

3.2.1 Brief Description

The lab course is part of the overall course in general chemistry, which also 
includes lectures and tutorials. The course takes place at the end of the first semes-
ter and is mandatory to all students studying science at the university. This means 
that students following this course are on different levels in terms of both their 
interest in chemistry and their knowledge of chemistry.2 The lab course consists of 
five sessions, each of four hours’ duration, during which the students work together 
in groups of two or three. In the first session, all students conduct a titration experi-
ment in which the decalcification agent ÷kalk (“minus lime”) is titrated with 
sodium hydroxide. The aim of this exercise is to introduce the students to the labo-
ratory, its equipment and practices. During the following four sessions the students 
work with one of four chemicals known from everyday life.

● Nonoxal (an ordinary household chemical used e.g., to bond oxalic acid in stewed 
rhubarb). In this exercise the concentration of calcium ions, chloride ions and 
lactic acid must be determined through freezing point reduction and titration

● Easysept (a disinfectant used for disinfecting and storage of soft eye lenses). The 
aim of this assignment is to determine the concentration of hydrogen peroxide 
and chloride ions by means of titration and to determine the order of reaction for 
the decomposition of hydrogen peroxide

● CMA-plus (a salt used for de-icing the Great Belt bridge in Denmark during 
winter). In this exercise the concentration of magnesium, calcium and acetate 
ions must be determined through titration and the freezing point for CMA-plus

● Mineral water (both Ramlösa and Evian are used). The amount of carbonic acid 
and the concentration of chloride ions in Ramlösa are determined. For compari-
son the concentrations of hydrogen carbonate, calcium and magnesium ions in 
Evian mineral water are determined.

2 Students studying biology, for instance, are not required to have the same level of chemistry knowl-
edge from high school as students studying chemistry, but at the University of Southern Denmark 
students studying any science subject begin their studies with a one-year basic science course.



3 The Development of a New Laboratory Course in Chemistry 71

Hence, all of these four eligible exercises have a consumer product as their object 
of inquiry. The exercises also have in common the fact that the concentration of 
the chemical’s component must be determined, mainly through titration experi-
ments. All methods for measuring different ion concentrations are described in 
the lab manual.

This course in general chemistry is, as noted above, divided into three parts: 
lectures, tutorials and laboratory teaching sequences. As with other first-year 
courses in which about 150 students are taught over a semester, ... the teacher 
responsible for the course lectures all students and teaches a few tutorials and labo-
ratory classes. The remaining laboratory classes are taught by other faculty mem-
bers or teaching assistants.

Another practical aspect of conducting the lab course that is worth mentioning 
is the fact that the teacher in charge of the course neither wrote the new laboratory 
manual nor was responsible for the final testing of the experiments involved in the 
course. A teaching assistant carried out this work.

3.2.2  Analysis with Regard to the Relation Between 
Intentions and Outcome

As mentioned above, I analyzed the lab course in terms of the teacher’s intended goals, 
the students’ expectations, the actual conducting of the course, and the students’ actual 
learning experiences. This kind of analysis is based on the assumption that every 
teaching situation can be described at three different levels (Bauersfeld, 1979):

● the matter meant (what the teacher intends)
● the matter taught (what the teacher through her actions presents and 

represents)
● the matter learned (what is learned by the learner).

The content of and the relations between these levels are indicative of the consist-
ency of every teaching process. If a closer analysis of the relations between the 
three levels reveals an inconsistency, the identification of these mismatches can be 
regarded as a constructive way of developing a more effective teaching process 
(Argyris, 1992).

As part of the relational analysis I conducted a series of interviews with students 
before the course started and again after having attended the lab course (group 
interviews). I also interviewed the teacher in charge (in an individual interview) 
and analyzed the lab manual.

3.2.2.1 The Matter Meant

The first level considered is the level of the matter meant. The teacher in charge was 
interviewed about the intended goals of the course. In the faculty’s official course 
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catalogue the goals of the course are described as “to impart knowledge of and 
practical experience in conducting simple, quantitative analyses to students”. The 
teacher elaborated on this goal by noting that the course mainly aimed at imparting 
an independent way of thinking as well as an independent way of working to the 
students. The teacher repeatedly pointed out that the most important learning out-
come was the independency:

I believe that this course should try to teach them (the students) to think independently, to 
plan things independently, to give them some working methods.

However, he had little or no confidence in the students learning new chemical 
concepts through lab teaching – instead, they would become acquainted with the 
scientific way of working. It was also important to the teacher that the students 
were given personal space and leeway in terms of time to make mistakes. The 
teacher stressed this message to teaching assistants, stating the students should 
become “motivated to make some decisions themselves”, and thereafter experience 
the consequences of these decisions. According to the teacher the students would 
also gain other skills:

[ To] be able to gather relevant data and to write a decent report, to be able to work together 
in pairs. Some of these abilities cannot be directly measured, but hopefully, they [the stu-
dents] will be able to use them in other situations.

The teacher chose consumer products rather than more traditional chemical solu-
tions on which to conduct the chemical analyses. This was to create an interesting 
and motivating frame for chemical analysis – a frame that would contribute to the 
engagement of the students due to the fact that they knew the products 
beforehand:

I think that some of the students like to work with things they know. They can see that the 
products they buy at the grocery store or wherever they buy them are just ordinary chemical 
solutions, which actually are analyzable.

3.2.2.2 The Matter Taught

The second level considered is the level of the matter taught. As one way of gaining 
insight into how the course is actually conducted I have chosen to analyze the lab 
manual. The lab manual is analyzed with special focus on the function of verbs and 
their contribution to the general impression of the manual gained by students 
(Parkinson and Adendorff, 1997). The lab manual consists of three parts. In the first 
part, where techniques and apparatus are introduced, verbs indicating action are, of 
course, overwhelming. The second part, which gives an overall description of the 
five exercises, starts with an explanation of the chemical’s function in everyday life. 
The explanation consists of verbs that partly describe physical phenomena (the 
effect of the chemical in everyday life) and partly clarify scientific facts (what the 
chemical consists of). The tasks of the exercise are then listed using the verb “deter-
mine”, which indicates both action and thinking. The third part, which is the most 
exhaustive part, is characterized by concise descriptions of measuring methods.
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As an example, I have analyzed the verbs’ function in one of these descriptions 
of measuring methods, the potentiometric titration of chloride ions, in more detail. 
The potentiometric description consists of a theoretical part (the chemical princi-
ples in the titration method), a precondition part (calculations that are preconditions 
for further investigations), an implementation part (how to conduct the experi-
ment), and finally, an equipment part (glass equipment, apparatus and chemicals 
used in the exercise).

Table 3.1 clearly shows that almost one third (12 out of 38) of the verbs in this 
description have the function of instructing the student to act, while half (19 out of 
38) establish universal facts or describe a physical reality. Only on one occasion 
does the description require students to think about and explain more than what 
concerns the procedure of the titration, namely when students are asked: “What 
would the titration curve look like if Nonoxal [the consumer product] contained 
both chloride and bromide ions?”

From this linguistic analysis it can be concluded that the lab manual is primarily 
aimed at teaching the student well-known techniques based on well-known facts. 
Only to a far lesser extent does the manual signal to the students that they must 
think or plan themselves, be critical of well-known facts, and pose questions.

Of course, this analytical method is to a certain extent normative, given that the 
judgment of the verbs’ meaning in relation to specific categories is subjective. 
Nevertheless, the overall impression of a lab manual that instructs the student to act 
without posing any critical questions is to a certain extent validated by the tradi-
tional structure of the manual, which consists of precise and strictly organized 
descriptions of various measuring techniques, although an attempt is made to signal 
a more project orientated approach in the second part. Furthermore, the students’ 
interview statements about their experiences with the course validate this picture.

Table 3.1 The verbs’ function in the potentiometric description

  
Theoretical 
part

Pre-
condition 
part

Implemen-
tation part Total

Instruct the 
student to:

Act
Analyse via plots and calculations

4 8
1

12
1

Think and explain 2 2
Thinking 

functions
Establish universal facts, describe 

physical properties
18 1 19

Reason 1 3 4
Organizes the 

exercisea

Predict the actions of the student
Comment on the process
Comment on the expected results

Total number 
enumerated

23 3 12 38

a  This category is included despite the lack of this kind of verbs in the manual. The reason for the 
inclusion of the category is to show the wide span of the linguistic analysis method
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3.2.2.3 The Matter Learned

The third and last level considered is the level of the matter learned. A way to 
measure what students have learned is to interview them about their experiences 
with the process of a teaching sequence and their views on its learning outcome. 
Regarding this particular course the students initially expected that the exercises 
would be more project-oriented, and that they would find out themselves what 
solution should be used to titrate the consumer product. In this aspect the course 
did not live up to their expectations. A student told me about his high school 
experiences, where the students planned the experimental set-ups themselves in 
a physics course. According to his experience, you learn more or gain a better 
understanding of a topic when you yourself have been involved in the planning 
stage:

“It is exciting that way[. . .] It seems more scientific or research-related when you try to 
figure out some things for yourself instead of just doing what you are told. Actually, I think 
you learn more from it ”.

On the other hand, another student argued that she did not have sufficient theoretical 
knowledge to conduct project-oriented exercises where the students were supposed 
to figure out what solution to use in the titration:

“If you don’t have any idea of what to titrate with, then I don’t think that I would be able 
to proceed at all”.

To sum up, the students belong to two groups: one group has self-confidence and 
experience in chemistry and hence likes the challenge of an independent planning 
phase in the exercises, while the second group feels insecure in the field of chem-
istry and therefore likes a very specific lab manual. The self-confident group has by 
virtue of their starting level not learned anything new regarding craftsmanship and 
general laboratory practice but has received practical training, whereas the insecure 
group felt they had learned a lot in both respects.

The students found it exciting to work with consumer products and to be given 
the opportunity to work in depth with the product. Likewise, they were glad to work 
in groups as they felt secure and less burdened with the responsibility of knowing 
everything beforehand.

3.2.2.4 The Relational Analysis

The relational analysis takes up the relations between “the matter meant”, “the mat-
ter taught” and “the matter learned” and it indicates the existence of three mis-
matches: the scientific working method, independence, and accuracy.

Mismatch one regards the scientific working method. For the teacher the most 
important outcome is the students’ development of a scientific way of thinking or 
ways to work scientifically in the laboratory. What is understood by the term 
“working scientifically in a laboratory”? If it involves what might be termed inquiry 
tactics – “toolkits” of strategies and approaches that can be considered in planning 
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an investigation – it could be argued that the students learned or became more 
familiar with them during the lab course. By repeating a measurement until the 
results do not differ from one another by more than 1%, the students may learn 
which situations require accuracy. Moreover, when writing the final report they 
may learn to select relevant data and present it in a graph or a table to show trends 
and abnormalities. On the other hand, if the term “working scientifically in a labo-
ratory” is regarded as equivalent to the working method of scientists, the students 
do not learn anything about it. The students are not forced in any way to think about 
relevant or proper circumstances and design in connection with the particular 
experiment or to consider other alternatives to doing an experiment. The distinction 
can be seen as the difference between learning to practice science and practicing 
science (Millar, 1991). Teachers must keep this distinction in mind when structur-
ing a lab course, but it is also important that the students are aware of the difference. 
Furthermore, the students are evaluated on the basis of a written report on their 
scientific results and not on the process they have been through or how they have 
worked in the laboratory. This brings into focus the gap between the teacher’s goals 
with the course and the chosen form and content of evaluation of the learning 
outcome.

The second mismatch regards the notion of independence as it is also very 
important for the teacher that the students learn to work and think independently. It 
matters to the teacher whether the students are able to plan, work and think for 
themselves by the end of the course. However, neither the lab manual nor the structure 
of the course gives the students a fair chance to develop independence, at least not 
with regard to working methods. Because all working methods are thoroughly 
described in the lab manual the students are only allowed to be independent about 
their attitude to work; they decide for themselves in what order they want to con-
duct the measurements. The students do not mention anything about independence 
or scientific thinking when asked about what they think they have learned from the 
course. They feel that they have become more familiar with the laboratory settings 
and remember some chemical concepts better than before.

The third mismatch deals with the need for accuracy in the course. Accuracy is 
not important, the teacher claims. In spite of this, in several places the lab manual 
demands an accuracy of 1% for the results of two measurements made by the 
student:

The experiment is done one more time, in order to carry out a double determination. These 
two determinations must not differ more than 1% from each other. If the difference is 
larger, the experiment must be done again.

From comments like these, the student gets the impression that precision and accu-
racy are important factors in titration, as of course they are. However, because the 
majority of practical exercises in the course focus mainly on titration, the student can 
easily get the impression that precision and accuracy are important factors in chemis-
try. In fact, almost 70% (67 students out of 97) of all students taking the lab course 
agreed or strongly agreed with the statement: “A good chemist is one who works 
precisely and without errors in the laboratory”.  The students in the interviews also 
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talk about good laboratory practice as being precise and accurate. Some of them even 
equate being accurate with being scientific. This is only partly true. A good chemist 
is not just one who works precisely and without errors in the laboratory. The ability 
to work creatively with complex and unfamiliar problems, the ability to communicate 
effectively in both speaking and writing, the ability to work in teams and the ability 
to assess and reflect on one’s knowledge are also important qualities for the future 
chemists to possess (Tolman and Parshall, 1999; Troelsen, 2001). The students are 
not directly introduced to this broad range of characteristics of a good chemist 
through this lab course.

In conclusion, the students do not obtain the intended skills and competencies 
from the course. The reasons for the mismatches between “the matter meant”, “the 
matter taught” and “the matter learned” are many and various, and are related to 
different practical, organizational and human circumstances. These barriers to the 
development of a competence-based lab course in which intended goals are imple-
mented and acknowledged by teachers, students and organizations are described 
further in the following section.

3.2.3 Barriers to Development

The analysis of the new lab course at the University of Southern Denmark has pointed 
out some barriers to development. In addition, findings from research on teachers’ 
views on laboratory teaching and research on laboratory teaching in general indicate 
barriers. In the following I will point to three barriers to development partly learned 
from the present analysis of the first version of a chemistry lab course and partly 
learned from former research in the field. These two sources to the localization of 
hindrances to an ideal lab course are, so to speak, validated by each other.

The first barrier to consider is that changing a course demands changing all parts. 
It is not enough for the teacher in charge of a course to believe in a new teaching 
strategy if the traditional learning and teaching style of the course as a whole is to 
be changed. Many different people must have the courage and the ability to carry out 
the changes. For instance, the teacher’s intention with the course is that the students 
learn to think, plan and work independently in a laboratory. These intentions are to 
a certain extent counteracted by the design of the manual, which signals that none 
of the proposed methods can be discussed and urges the students to “follow a recipe” 
without reflecting on isolated steps, for example, by mostly using verbs that estab-
lish universal facts or describe a physical reality. Another barrier is the lack of 
change in evaluation form. The actual evaluation form still sets the stage for the final 
report to be an accurate reproduction of the manual’s specification of methods and 
theory without any reflection or critical assessment. This kind of evaluation does not 
help students develop skills in cooperation and processing information.

Secondly, another barrier to development is the lack of a didactical contract. The 
concept of didactical contract is to be understood as a common agreement between 
all people involved in the teaching process on the learning and teaching goals of the 
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course, the outcome for the students, how this outcome should be achieved, the 
kinds of knowledge and learning addressed in the course, and so on. A didactical 
contract is not an actual signed, binding contract, but more like a mutual under-
standing of the aims and content of a course, which all parties are aware of and 
obliged to act in accordance with. The students in this research project are not 
completely aware of the aspects of the course that are in focus after the reorgani-
zation. The lab manual does not help them, and the teaching assistants do not 
draw their attention to the learning goals of independence and a scientific working 
method, probably because they are themselves unaware of them. Lewis (1999) 
has carried out case study research on the implementation of mini-projects in a 
second-year university course. The students found the mini-projects demoraliz-
ing and frustrating because they were not aware that the process in conducting the 
mini-projects was more important than the product. In order to implement such 
projects successfully, Lewis points out that the aims and objectives must be 
accessible and explicit. Second, all involved partners in the course must make 
clear (or have made clear to them) what the mini-projects demand from students 
and to what extent these requirements are fulfilled. These two aspects are part of 
an acknowledgment of the didactical contract as an important tool in insuring that 
everybody in the teaching situation is working towards the same goals. Lewis 
also points out that a third aspect must be considered: sufficient time, help and 
support to ensure that students have the possibility of developing the intended 
skills and understandings.

Last, a third barrier to the development of a new laboratory course is the lack of 
education of the teaching personnel. In courses aimed at developing students’ inde-
pendence in working experimentally, it is essential that the teacher plays the role of 
a catalyst for the students’ own learning processes. The teacher should not give stu-
dents the solution to a problem, but rather give advice and suggestions for solutions. 
The teaching assistants (and in some cases, lab technicians) must also be involved in 
a didactical contract and acknowledge their new role as teachers. Previous research 
on teachers’ views on the conditions and possibilities of laboratory teaching in terti-
ary education (Troelsen, 2003) indicates that many teachers regard the employment 
conditions of teachers, and especially the merit rating of employees at universities, as 
a potential barrier to the development of new courses. The employees’ research skills 
and results are more highly valued than their teaching skills and results, even though 
in principle these two parameters should be valued equally. If a university employee 
is both to keep up with the latest research (in order to write the research articles neces-
sary to keep her job) and to develop new teaching forms and methods, she needs 
considerable time, energy and resources. Experience from research conducted by van 
Keulen (1995) also concludes that full implementation of new ideas in a teaching 
setting cannot be achieved by simply handing out guidelines to teaching assistants 
and students. Instead, both groups must be introduced to the course and its intentions, 
and be offered support and help to fulfil these intentions throughout the course. 
Buning and Thijs (2001) also emphasize, in their research on different teacher roles, 
that a well-educated  teaching staff is absolutely necessary in order to successfully 
implement new teaching ideas in the laboratory.
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3.3 Suggestion for an Improved Version of a Lab Course

Having been convinced of the necessity of teaching with a competence focus rather 
than a syllabus focus in order to meet the demands of the reflective knowledge society, 
and having been inspired by reviews on former research and developmental work 
regarding competence-based lab courses, I will now suggest a realistic alternative to 
the form of lab teaching generally pursued at Danish universities today. I use the term 
realistic to indicate that the suggested outlines are based on actual experiences from 
the first version of the new lab course and previous research on barriers to implement-
ing new teaching strategies in lab settings. The need for realism also connects with the 
discussion of the gap between educational research and educational practice. It is 
important that research in alternative, innovative, and relevant teaching reaches the 
teachers who are to implement all the new and groundbreaking research results.

The lab course consists of a range of sessions throughout a semester and 
the students are grouped in twos or threes. The first session is an introduction to the 
subject area in question and the techniques, methods and apparatus involved in the 
sense that the student is introduced to the physical, technical and theoretical “tools” 
which are necessary for the rest of the course. After the first session the groups 
choose one of five possible exercises, which they then work on during the remain-
ing sessions. The five project-based exercises are all relatively open-ended exer-
cises with fixed goals that can be reached in many different ways.

In order to develop different competencies it must of course be made clear to the 
students what kind of expectations there are regarding the acquisition of 
knowledge, subject related and social reflection, communication of personal views 
and interpretations, and respect of other’s views. Likewise, it is necessary to make 
clear to the students that cooperation between groups and exchange of experience 
and knowledge are allowed and in some cases even necessary. Finally, it is impor-
tant that the students are presented to the different elements of the total and final 
assessment at the start of the course so that they can form a picture of the learning 
goals characterizing the course in question.

The assessment of the course consists not only of the traditional written report 
but also of a range of partial assessments that are incorporated in the final assess-
ment with different weightings. The final report must as usual be of good written 
quality. However, the report should also demonstrate the student’s ability to put 
things into perspective, for example, by discussing why the consumer product is put 
together exactly that way or whether the declaration of the product is in agreement 
with the result of the experiment. The group hands in the report to the teaching 
assistant, who, after having read and evaluated it, discusses the report and its con-
tent with the students. After that, the group is given the task of presenting the most 
important features of their project on a poster. On the poster the students must, in 
a well-organized and informative way, account for the goals, experimental design, 
methods, and results and suggest possible changes to the project design, keeping a 
potentially more precise and elaborate fulfilment of the project’s goals in mind. All 
posters are presented in a joint session for the entire class and five groups are 
picked out to present their posters orally to the rest of the class. The selection is 
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made in such a way that each of the five exercises is presented. The oral presenta-
tions are judged partly by the teaching assistant, who considers the visual and oral 
presentation skills of each of the group members, and partly by the other groups 
working with the same exercise. To ensure that the rest of the groups are impartial 
and constructive in their criticism, the teaching assistant also takes their criticism 
into account as part of her assessment of them. In this way, the final assessment of 
the student consists of an evaluation of the written report, of her ability to express 
herself orally and visually, and of her ability to give and receive constructive criti-
cism from peers.

Courses containing such elements point to an increased focus on and develop-
ment of some of the competencies described earlier. The open-endedness prompts 
the student to practice making her own choice, arguing for this choice and finally, 
if the consequences of the first choice dictate it, choosing again. The independent 
working form sets the stage for an on-going reflection on one’s own learning and 
dealing with knowledge while at the same time facilitating the student’s ability to 
think and act creatively and trust her own judgment. The group work and evaluation 
form promote cooperation competence both internally in the group and between 
groups, which involves the acknowledgment of the importance of being able to 
cooperate while being true to one’s own views and values.

It is, of course, vital for the successful implementation of this kind of course that 
lab teaching is not given low priority for economic or staff-related reasons. Lab 
teaching demands large staff resources compared to, for instance, lectures. Hence, 
a great deal of the teaching staff is normally instructors (mainly students studying 
for their Master’s degree) who are relatively inexperienced when it comes to teach-
ing. These instructors keep abreast of the pedagogical and didactical intentions of 
the course by attending weekly meetings between all instructors, more experienced 
teaching assistants, and the teacher in charge. In such forums questions can be 
raised about pedagogical consequences, and guidelines for the evaluation of 
reports, posters, and criticism can be discussed along with subject related didactical 
questions. The instructors and the teaching assistants as well the regular teachers 
should not feel left behind or caught between the actual teaching situation and the 
overall didactical intentions of the teacher in charge.

3.4  Concluding Remarks on Lab Work in Particular 
and Science Education in General

Now that my proposal has been put forward for a lab course focusing on imparting 
chemical knowledge through competence-based teaching rather than for the sake of 
this knowledge itself, one obvious objection arises. As the proposal does not claim 
to describe the ideal lab course but rather represents a step toward a better lab 
course, the question is whether this developmental process is hindered by the rather 
detailed description of a particular lab course given above. And yes, there is a pos-
sibility that the level of description and the focus on general chemistry and  first-year 
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university students can block future development of other science courses in other 
subject areas with other students. It is hence very important to underline the key 
features of an alternative lab course that may have a direct transfer value to other 
teaching situations:

● The course is structured with a theoretical and technical introduction, followed 
by the students working on their own projects in groups of two or three

● The students and the involved teachers negotiate a “didactical contract”, which 
points out preferred teaching forms and the important learning goals of the 
course

● Peer reviews and student talks are added to the traditional assessment forms
● The pedagogy of teaching in the lab is given high priority. All members of the 

teaching staff must at least be aware of the elements in the didactical contract 
and try to teach accordingly.

Nevertheless, it is important to stress that this proposal for further development of 
lab teaching and its possible innovative potential are not to be regarded in isolation 
from the subject-related context. Actually, subject-related issues are imbedded in 
the concept of competence – you cannot just be competent, but must achieve com-
petence in something. Therefore, transforming a laboratory course in chemistry into 
a competence-based course is not synonymous with being indifferent to what con-
tent the students are presented to in their learning processes. It is still necessary for 
the teacher to give some serious thought to the content by means of which the rel-
evant competencies are to be developed.

In other words, competence is a hollow shell without content. In a similar 
manner, considerations of competence-based teaching cannot exist without 
pedagogical reflections on which teaching form is relevant for developing the 
actual competence. In fact, if the concept of competence is to be taken seriously 
it is not sufficient to transform a lab work course from concentrating on the 
learning of factual knowledge and craftsmanship for its own sake to aiming at a 
competence-based learning of factual and procedural knowledge. This is a dan-
gerous statement to make, especially after having campaigned for exactly this 
aim in all of the above. However, in referring to this insufficiency, it is not my 
aim to disprove or claim that any of the changes that have been made so far or 
will be made in the future in the chemistry lab course described above are unim-
portant. My aim in these concluding remarks is to draw attention to the fact that 
macroscopic changes in society ought to lead not only to microscopic changes 
in a small lab course but to macroscopic changes in science education as a 
whole. If the road to better science education that trains students to become 
adequate citizens goes through competence-based teaching, then the interplay 
between competence and teaching form must be viewed from a reverse angle: 
considerations on which competencies to develop must have precedence over the 
choice of teaching form.

In many cases in current teaching, syllabus and teaching forms predict the 
teaching objectives. This ought to be reversed: first, as a teacher (or as a teaching 
and learning institution) one must reflect on which competence a specific 
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 teaching sequence should aim at developing. Then follow considerations on the 
content by means of which this competence can be obtained and which teaching 
form is appropriate. This inversion demands to a very high extent the belief in 
and commitment to the concept of competence-based teaching not only on the 
part of teachers in higher education but also on the part of the educational lead-
ership at universities. It demands a total reorganization of university teaching 
where the development of competence comes first, and teaching forms and syl-
labus have to fit in.

Another change in university teaching as we know it, which is due to a com-
mitment to competence-based teaching, is the stipulation of putting the learner in 
focus. This means that teaching to a higher extent should be based on the student 
as active and responsible, which can be put into practice by more project-oriented 
teaching but also, and more generally, in an organization of teaching which hands 
over more responsibility to the students. Such a change in organization may mean 
taking into account the ratio between teaching and learning. It is seldom the case 
that the ratio between confrontation time and the time used by students for 
acquiring knowledge is other than 1:1 – sometimes the ratio is even bigger in 
favour of the teaching part! A new organization of teaching that hands over more 
responsibility to students would imply that the amount of learning exceeded the 
amount of teaching in such a way that the ratio between teaching and learning 
became, e.g., 1:4. Changing the ratio entails thorough reflection on the teaching 
sequence and what the students are really suppose to learn from the sequence, 
negotiating the didactical contract and – not least – subsequently changing the 
evaluation method.

Lastly, a change from syllabus-oriented to competence-based teaching has pro-
found consequences for the role of the teachers. When teaching forms are inte-
grated in the bigger picture of competence development and the students are 
involved in project work, which also transcends some traditional subject borders, 
the requirement of openness and cooperation between teachers becomes clearer 
and more obvious. There may be a need for teacher teams that teach sequences 
together, for frequent exchanges of educational experiences between teachers, or 
for discussions of the state of affairs in terms of educational research and other 
initiatives that aims to make the teacher role less personalized and more 
professionalized.

In considering changes in the processes of teaching and learning at “ground 
level” – in this case, the transformation of a traditional lab course – which concen-
trates on the learning of factual knowledge and craftsmanship for its own sake, to a 
new course that aims at a competence-based learning of factual and procedural 
knowledge, I point in this chapter to some specific barriers to change and develop-
ment, which of course can also be applied to other teaching situations. These barriers 
are the need for negotiation of the didactical contract, the need for well-pedagogi-
cally educated staff, and the need for changing all elements of a lab course, from the 
lab manual, over teacher roles, to evaluation methods.

This last observation leads me to my final point: changes in specific courses are 
not enough; higher education in science and mathematics as a whole must be 
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transformed. In the particular lab course described in this chapter the relation analy-
sis showed that the students did not obtain the intended skills and competencies 
from the course because of the mismatches between “the matter meant”, “the mat-
ter taught” and “the matter learned”. Similarly, the students must find it confusing 
and difficult to obtain the intended skills and competencies from their education 
when only few courses are organized as competence-based courses and others as 
traditional “broadcast” teaching. In order to educate citizens to function in a society 
where knowledge and competencies are central concepts, universities must offer 
education that is competence-based all the way through. All courses should corre-
spond in their organization of learning and in their focus on first, competence 
development, and then choice of teaching form and content. Indeed, this may be the 
greatest challenge for transforming science and mathematics education at univer-
sity level. Changes at ground level are not sufficient; the changes must happen all 
the way from ground level to penthouse level, at the same time and according to the 
same principles.
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Chapter 4
Assessment and Contract-Like Relationships 
in Undergraduate Mathematics Education

Niels Grønbæk, Morten Misfeldt, and Carl Winsløw

“Well, I let him pass, but I am pretty sure that if I had given my questions a twist, 
his lack of understanding would have been revealed.” At traditional oral or written 
examinations, this kind of impression is not unusual among examiners. Knowing 
that the student has dutifully met the course requirements, the only reasonable ver-
dict is “pass.” Yet it is given with an uneasy feeling that the student has not really 
been put to the test. However, it seems that the circumstances and traditions govern-
ing university mathematics teaching make it difficult to assess more than the use of 
standard techniques or the passive knowledge of textbook material.

It is commonly acknowledged that assessment procedures influence university 
students’ activities in many ways. At a very global level this influence can be seen 
as simultaneously inevitable, necessary and regrettable. Inevitable because univer-
sities need to grant a credible diploma and hence must assess and declare their 
holders’ competencies in depth; the fact that this declaration may be decisive for 
the students’ future career opportunities is, at a global level, an important reason for 
students to direct their study activity towards maximizing their “declared compe-
tency” (or, more modestly, to just get their diploma). It is necessary in the sense that 
(outside paradise) explicit reward is sometimes necessary to get people and hence 
society to work. This may be true not least for studies with many technical and dif-
ficult parts located more or less necessarily at the beginning of the curriculum: the 
necessity to do these parts (in order to achieve the target diploma) acts as a default 
motivation for students who do not themselves acknowledge their attraction or 
necessity. Finally it is regrettable because the existence of such a default incentive 
to study may seem to suspend the need for other rationalities for teaching and study, 
and hence reduce academic teaching and studies to something highly un-academic: 
work based solely on control and rule following. Obviously one would like to mini-
mize the regrettable effects of assessment, while retaining a visible incitement for 
students to meet necessary work requirements as well as a credible declaration of 
the results of this work.

If we acknowledge the impact of student assessment on student activity during 
a course, and that students’ activity is the root of their learning outcome, then we 
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are led to conclude that the design of student activities and student assessment 
should be looked at as a whole. Very roughly one might think of the following 
pattern of influence, as shown in Fig. 4.1. The arrows in Fig. 4.1 are not all of 
the same nature. In particular the influence of assessment on student activity tends 
to be indirect, and to depend crucially on students’ images and expectation of 
assessment.

In order to investigate the actual nature of the effects of assessment – and even 
more, to investigate how to control them – we must of course consider contexts 
where these effects occur. In fact, these effects are not easily observed. As we shall 
explain, they can be modelled as arising from a specific sort of “contract” between 
students and teachers, strictly conditioned by the context (in particular the institu-
tional and academic context). However, in the absence of interventions this contract 
may be largely implicit and impossible to distinguish from other factors influencing 
the interaction of students and teachers, such as the conditions and possibilities 
offered by the subject to be learned and taught. As a consequence, beyond general 
remarks such as those professed in the first paragraphs of this introduction, we find 
it necessary to consider the effects of assessment from an engineering point of view 
(Artigue, 1994): in concrete contexts, with specific aims of control and perhaps 
change. It is a main point of this chapter to show how such an approach can be theo-
retically supported by the theory of didactical situations, with appropriate adapta-
tions for the university level.

After introducing the relevant theory, we describe briefly the context from which 
our data come: a format for didactical engineering which is based on collaborative 
student work on written “thematic projects,” subsequently assessed through an 
individual oral exam. We then explore two aspects of this context: the independent 
work of student groups and the learning outcomes as evidenced by the written 
projects. Both are analyzed with respect to the influence of the assessment format, 
including the perturbation of the “contract” that a new format leads to. Finally, we 
briefly discuss the potentials and limitations of local (single-course) changes in the 
contract underlying the mechanisms in Fig. 4.1.

Fig. 4.1 A rough picture of the interplay between teaching, learning and assessment
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4.1 Didactical Contracts in University Mathematics

The theory of didactical situations (hereafter abbreviated TDS), developed by 
Brousseau and his school since the 1970s, has chiefly been used in various contexts 
of school mathematics, such as the famous studies of the teaching of decimal num-
bers (Brousseau, 1997, Chaps. 3–4). However, the key features of TDS (Chaps. 1–2 
and 5) seem highly relevant to university teaching as well, and indeed it is used in 
this context in some studies (for instance, Artigue, 1994). In this section, we shall 
try to outline some basic points of TDS that will allow us to talk meaningfully of 
didactical contracts in university teaching, and to understand their special features 
in this setting.

4.1.1 The Notions of Situation and Game

The basic assumption of TDS is that “learning is a modification of a student’s 
knowing which she must produce herself and which the teacher must only 
instigate”(Brousseau, 1997, p. 227). This is, at face value, just the constructivist 
point of view: personal knowledge (termed “knowing” to translate the French word 
connaissance) results from various types of action in a situation, which somehow 
presents challenges to the learner. However, modern mathematics teaching – not 
least in the university context – implies that students must learn much more than is 
possible through spontaneous interaction with the world. Piagetian developmental 
psychology is mainly interested in showing the potential for the learner, at various 
ages, to make sense of quantities, motion, basic logic, and so on – using just ele-
ments of his immediate experience. Indeed, Piagetian theory is not concerned with 
teaching or other forms of institutionalised learning. From this background, TDS 
presents three original features, which are also crucial for the study of university 
teaching.

The first feature resides in insisting on the epistemological value of situations 
for teaching: they can and must be arranged by the teacher with didactical inten-
tions in order to achieve learning of some specific knowledge. Such adidactical 
situations – prepared and “instigated” by the teacher – are achieved when the 
teacher withdraws to let the student(s) act. The term adidactical refers to the 
absence of explicit involvement of the teacher (with his intentions to teach). But 
the epistemological assumption is still stronger: “Each item of knowledge can be 
characterized by an (some) adidactical situation(s) which preserve(s) meaning: 
we shall call this a fundamental situation” (p. 30). A main objective for didactics 
is, in this perspective, to construct and investigate the use in teaching of situa-
tions corresponding to target knowledge such as the mastery of decimal 
numbers.

The second feature of TDS is to model the highly complex interplay between the 
teacher, the student(s) and the various forms of situations that allow the student to 
construct knowing and knowledge, and so to relate the epistemological and social 
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dimensions of learning in a concrete as well as specific manner. The adidactical 
situation is the part of the teaching process where the teacher retires, in order to 
allow the direct game of the student with a milieu for learning. The milieu is 
arranged and, if necessary, rearranged by the teacher, in such a way that “winning 
strategies” successively approach the knowledge being aimed at. Of course, the 
teacher is not just conceiving of the milieu in order to subsequently step back and 
watch the students’ failure or success in the game. The teacher interacts with the 
students’ game while presenting it and modifying it in different phases. This inter-
action is called a didactical situation (p. 31). This is a larger form of game, involv-
ing the teacher as a crucial player. The process through which the teacher “hands 
over” a milieu to the students is called devolution; it is supposed to achieve the 
students’ acceptance of the adidactical situation. The phases of the didactical situ-
ation may be roughly classified as follows (pp. 8–18, 65–71, 231–235):

● Devolution of adidactical situations of action (more or less “pure play”) in 
which students explore parts of the milieu in a rather immediate way

● Devolution of adidactical situations of formulation, where the students are urged 
to articulate observations from their game with the milieu; the teacher may occa-
sionally intervene in order to help students clarify their statements

● Situations of validation, where students and teacher consider the explicit state-
ments (representing knowing) about the game with the aim of deciding their 
validity

● Situations of institutionalization, in which the teacher emphasises the validated 
knowing as common knowledge.

Notice that each of these phases may be considered as different sorts of games, 
with different objectives and rules, and with the players assuming different 
roles. A classical situation illustrating this is the so-called “race to twenty” (Ibid., 
Chap. 0), conceived for elementary school; the method (for university “lectures”) 
of scientific debate developed by Marc Legrand (2001) is clearly conceived with 
a similar pattern of games in mind. Notice, however, that real time presence and 
interaction of teachers and students are clearly assumed in the didactical situa-
tions as described. It is a model of classroom teaching in a wide sense. But it is 
not a prescriptive model per se, as the case of university lectures show: in their 
usual form, these are mainly situations of institutionalization but without ensur-
ing that the knowledge communicated is already established as validated knowing 
for the students.

The third feature of TDS is to relate the work of the teacher to that of the math-
ematician, which of course takes on a special meaning in the context of university 
teaching, where the two may be the same person (although research and teaching 
does not, typically, concern the same knowledge):

Mathematicians don’t communicate their results in the form in which they discover them; 
they re-organize them, they give them as general a form as possible. [. . .] The teacher first 
undertakes the opposite action: a recontextualization and a re-personalization of knowl-
edge. She looks for situations, which can give meaning to the knowledge to be taught. 
(Brousseau, 1997, p. 227)
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This means that we have two almost opposite transpositions of knowledge: 
from situation (of discovery) to formalized, official knowledge, produced by 
the mathematician; and from such official knowledge to didactical situations 
(including milieus and games) that enable students to acquire the knowledge. 
Of course the situations that are devolved to the students do not by any means 
need to be equal or even similar to the historical situation of discovery. But it 
is the close connection, if not similarity, of adidactical situations and mathe-
matical discovery, as well as these complementary processes of knowledge 
transposition, which is the source of Brousseau’s consistent insistence on the 
institutional and intellectual inseparability of mathematics and its didactics 
(Brousseau, 1999). In the most immediate sense, “all mathematicians are prac-
titioners and consequently connoisseurs of didactics as applied to mathematics” 
(p. 44).

4.1.2 The Notion of Didactical Contract and Its Paradoxes

As was noticed above, the didactical situation in itself may be considered as a 
game, where the players are the teacher and the students. In order for it to suc-
ceed, the student must learn, and to do so, must accept her responsibility in the 
adidactical situation devolved by the teacher. On the other hand, the teacher is 
also responsible for the success of the students’ game with the milieu, by design-
ing it, by intervening or modifying it if necessary, and by evaluating it. In gen-
eral, any teaching-learning situation implies – and requires – a set of mutual 
obligations between teacher and student. In a sense they become players in a 
didactical situation through the establishment of these obligations. Without the 
basic willingness of the teacher to help the student learn, and of the student to 
engage in the intellectual work proposed by the teacher, there is no didactical 
situation.

As we all know, good intentions are far from sufficient to teach and learn math-
ematics efficiently. And the obligations of students and teachers must be under-
stood both with respect to the complexity of didactical situations, outlined above, 
and with respect to the high-stakes nature of mathematics learning in many contexts 
(such as university). Moreover, those obligations are mostly implicit and a consid-
erable uncertainty about them may subsist for both parties. Nevertheless, “this 
system of mutual obligations resembles a contract” (p. 31) and indeed one does 
speak of a didactical contract. As with many other forms of regulation of social 
systems, it appears only – or at least most obviously – when it is broken. And, 
surprisingly, breaking the contract is also a condition for learning to take place (p. 
32). While the contract is certainly necessary for devolution to succeed, it must not 
rule the students’ game with the milieu: “the student’s answer [to problems posed 
by the milieu] must not be motivated by obligations related to the didactical con-
tract but by adidactical necessities of her relationships with the milieu” (p. 57). 
Thus, the didactical contract is the root of certain paradoxes linked to devolution 
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and adidactical situations: after devolution and acceptance of the situation, 
“ everything that [the teacher] undertakes in order to make the student produce the 
behaviours that she expects tends to deprive this student of the necessary conditions 
for the understanding and the learning of the target notion” (p. 41). It may be neces-
sary for the teacher to intervene, on pain of leaving the student to fail (in which case 
both will have failed to honour the contract). But if this intervention reduces the 
students’ task to little or nothing, the formal fulfilment of the contract leads to a 
meaningless “empty” milieu where learning cannot take place. Indeed, didactical 
situations – especially those devolving a very rich milieu – are “instable systems” 
in the sense that small perturbations, sometimes out of the teacher’s control, may 
change success into failure.

4.1.3 University Mathematics Contracts

It is important to remember that learning achieved in adidactical situations has to 
be established and made common through situations of validation and institution-
alization. So, teaching needs to both transform official mathematical knowledge 
into adidactical milieus and to transform the information obtained there back into 
shared knowledge compatible with the starting point. However, to achieve this 
personalized learning as a basis for institutionalization is costly and difficult, as 
suggested above. It is certainly simpler for the teacher to pass directly to 
institutionalization:

There is a strong temptation for the teacher to short-circuit these two phases and to teach 
knowledge directly as if it were a cultural fact, thus saving the cost of this double 
manoeuvre. The knowledge is presented and students make it their own as best they can 
(p. 227).

Indeed, this is what happens in most university mathematics courses – at least, to 
some extent. More precisely, a very common format is to first institutionalize new 
knowledge in lectures (see Weber, 2004 for typical case) and then devolve milieus 
in the form of problems and exercises that require the knowledge and which are 
meant to help the students “make it their own.” Subsequently, a kind of formulation 
and validation situation takes place during class sessions. We shall call this rough 
scheme of teaching the Lecture-Problems-Class Model (LPC for short). In some 
course contexts, the problems on which students get to work are all somewhat stere-
otypic applications of the theoretical material. These problems are meant to estab-
lish, for students, certain associated techniques – rather than a knowing of the full 
theory (see also Winsløw, 2006). In this case the “re-personalization” of knowl-
edge, particularly the more theoretical parts exposed in lectures, will still largely be 
left to students.

Notice that we want to take TDS seriously as a descriptive rather than as a 
prescriptive model of teaching. We do believe that the four phases of a didactical 
situation, described above, are meaningful also in the university context; but 
there is no a priori reason to claim that they should necessarily appear in the 
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order which seems to be the most natural and efficient for elementary school 
teaching (according to the massive experimental work done by Brousseau and his 
team). In particular, university students should not necessarily be fed with metic-
ulously arranged situations of learning, but must also learn – as part of the aca-
demic trade – to access knowledge directly in its official, depersonalized form. 
But this is, indeed, something to learn, rather than a starting condition that can 
just be assumed.

As suggested by several authors (e.g., Weber, 2004, p. 131), there could be 
many rationales behind the use of LPC other than those linked to didactical finali-
ties. But its massive use also shows that LPC offers a certain balance and stability 
with respect to the interests of institutions, students and teachers. Indeed, with 
respect to students and teachers, the LPC scheme demands – as any other didactical 
scheme – a didactical contract to establish and regulate the didactical situations 
involved. Parts of it are linked to assessment – which, in a university course, is 
rarely more than a few months away. Here is, tentatively, what the main clauses 
could look like, if made explicit:

Didactical contract for LPC-scheme (outline)
Obligations of lecturer: Clearly expose and explain the theory and examples 
required to do the problems assigned for homework. Make sure that doing 
the homework assigned will substantially help students towards passing the 
final exam (written or oral).
Obligations of students: Follow the lectures attentively, read the correspond-
ing texts. Do the assigned homework. At all times, ask questions if some-
thing appears to be unclear.
Obligations of classroom instructor: Validate students’ answers to prob-
lems. Institutionalise good solutions and answer questions of students.

Examination requirements do not necessarily dominate the contract. On the con-
trary, the tacit assumption that the situations devolved by the lecturer are “rele-
vant” also with respect to these requirements, may help to put these in the 
background most of the time, and hence allow the student’s work to be, some of 
the time, driven by “adidactical necessities of her relationships with the milieu.” 
Of course a condition for such a silent consensus is that the contract above is 
actually observed, in particular that the work proposed by the teacher actually 
does help the students towards succeeding at exams. Now, the most common 
forms of examination – requiring, from the students, a few hours work on a col-
lection of exercises, or a short oral presentation of textbook theory – may not 
motivate autonomous, in-depth work with mathematical theory according to the 
contract above.

Our basic analysis is therefore as follows: if we want to improve the quality and 
scope of students’ adidactical work, we may need to modify simultaneously the 
exam requirements, the milieus worked on by students, and the role of the teacher 
with respect to devolution and institutionalization. All of this is likely to require 
amendments of the contract. A major challenge is therefore to avoid the logic of 
replacing the target adidactical work (searching) for a new contract. The establishment 
of the contract and its disappearance (in the adidactical situation) must be kept 
under strict control.
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4.2  A Didactical Engineering Project: Thematic Projects 
in Real Analysis

In the following sections we describe and discuss the evidence of contractual rela-
tionships and their evolution during a didactical engineering project, carried out in 
the context of a second year course in real analysis at the University of Copenhagen. 
The necessity to consider assessment, the nature of student tasks, and the form of 
teaching simultaneously was at heart of the engineering, which we will briefly 
introduce in this section (it is described in much more detail in Grønbæk and 
Winsløw, 2007a,b).

4.2.1 A Difficult Course

The course in question, Mathematics 2AN, is a third semester course in real analysis 
crediting 10 ECTS (European Credit Transfer and Accumulation System). There 
are two weekly double lectures (2 × 2 × 45 min) and one weekly problem session 
of 3 × 45 min. It has an enrolment of about 175 students. In several respects the 
course is central to the overall study plan. It is the first course where students meet 
mathematics in full rigor; it is a prerequisite for many other courses; it addresses 
students with a wide spectrum of ambitions, talents, and time available for the 
course; and the syllabus is demanding (Carothers, 2000, Chaps. 1–11 and 15). The 
course is assessed by means of a written 3-h exam and an individual ½ h oral exam. 
All of the above are externally imposed boundary conditions on which a course 
designer has very little influence. Of course, this is a rigid system and a costly form 
of assessment but it is nevertheless common and traditional in major Danish uni-
versities. It is perceived to ensure a certain consistency among courses at different 
universities and with different teachers within the same university.

The first author had taught the course for 3 years. As in other courses of the 
programme, the didactical obligations were, roughly speaking, regulated by the 
LPC contract. The course was suffering from a number of functional problems, 
such as large dropout and low passing rates. It appeared that some of these short-
comings were rooted in students’ amount and quality of independent work with 
course material and that the LPC contract was a part of the problem in the sense 
that it did not allow for different and more explicit demands on student activity. 
Some early attempts had been made previously to introduce project work and peer 
assessment in the course, but this had not resulted in significant improvements of 
student work. With hindsight, one could say that the LPC contract continued to be 
in force, mainly because the changes in assignment of student work were not 
reflected in accompanying changes of teaching and assessment, but also because 
the teachers did not succeed in making their motives and expectations clear to the 
students.
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4.2.2  Coherent Changes in Student Activity, Teaching 
and Assessment

In order to address the above concerns, we developed a new format that we call 
thematic projects (see also Grønbæk and Winsløw, 2007a,b). A thematic project 
may be described as a written assignment consisting of mathematical tasks, some 
of which are quite open, and most of which are more complex and theoretical than 
standard “training exercises.” The tasks are centred on a “theme” (e.g., the Hilbert 
space L2) so that together the solutions represent a coherent piece of theory; in this 
sense, a thematic project is, ideally, a kind of fundamental situation. Indeed, it can 
be considered an adidactical milieu, its formulation being the devolution. The adi-
dactical work implies, due to the open nature of the tasks, situations of action and 
formulation as well as situations of validation (integrated in teaching to some 
extent, cf. below). The students worked on the thematic projects in groups. The 
subjects of the thematic project were chosen in accordance with the progression of 
the course, so that the students could work with the projects successively and 
throughout the semester.

In order to support this work, parts of the class teaching (normally used for pre-
senting solutions to training exercises) were devoted to work with the thematic 
projects, with the instructor available for questions. The lectures were partly 
changed in order to relate the presentation of theory and examples to the projects; 
and the lecturer was also available for questions related to the projects. For each 
project, a date was set where the students could hand in their work in order to get 
written feed back from the instructor, mainly of the form “this is good/OK/needs to 
be worked on.”

The thematic projects of the course (six in total) replaced the traditional textbook 
presentation in the oral exam: instead of drawing a random “theorem” to present (as 
in the book), the students draw one of their thematic projects. Notice that the exam 
is individual, while the projects were worked on in groups. This had important con-
sequences for the regulation of the students’ work: each group member was required, 
in the end, to be able to explain and defend the common projects. It was explicitly 
said that the product of the work on thematic projects was not required or supposed 
to be an extensive report, but just 4–5 pages that could serve as background for the 
students’ presentation and the examiner’s interrogation (the written product had to 
be delivered to the evaluators at the time of examination). However, we shall in the 
following still refer to these written products as “reports.”

4.2.3 The Adidactical Contract of the Groups

A key point to all of this was to change the work with theoretical parts of the course 
from merely acquiring the text book presentation to producing and formulating 
theory in projects, thus aiming deliberately at a re-personalization-re-de-personalization 
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process (see Brousseau, 1997, p. 23). This organization of the work in groups was 
meant to amplify situations of action and formulation. An important factor turns out 
to be that the material goal of these situations is the production of a usable manu-
script for the oral examination. Also, the thematic projects include tasks, which are 
optional and open, in particular tasks where the students must choose a level of 
ambition (for instance generality) in their interpretation of the task. The purpose 
of this is twofold. It gives the student the opportunity to demonstrate their compe-
tencies without the risk of “breaking their back” on sophistication. It also requires 
the students to be conscientious about the status of their knowledge; “knowing 
what I know” is not exclusively an issue of metacognition but is a crucial and 
advanced form of knowledge in mathematics. It becomes a part of the groups’ 
work because this work is the basis for the oral examination. Here, the student 
simply draws a random project and presents selected parts of the solutions pre-
sented in his groups’ report.

All these conditions for the groups’ work, and in particular its relation to 
assessment, imply that the groups must negotiate a common, internal contract for 
their work with the tasks. We shall call these (implicit and explicit) agreements 
of mutual obligations within the group of students the adidactical contract of the 
group. It is clearly framed by the didactical contract and the didactical situation 
surrounding the adidactical work, but it is also, as we shall see later on, proper to 
the group.

4.2.4 Modifications of the Didactical Contract

The introduction of thematic projects, as described above, is based on a few 
explicit and official changes in the assessment procedure (mainly for the oral 
examination) and in the way the theoretical knowledge is taught. But its conse-
quences for the didactical contract, regulating the mutual obligations of students 
and teachers, are more far-reaching. We shall exemplify and illustrate this in the 
following sections. There, we summarize the general tendencies and the relation 
to the LPC contract.

First of all, the written exam is still there, and so the LPC contract remains in force 
for the work on more elementary and technical tasks. The introduction of the thematic 
projects implies certain amendments of it, which address the more theoretical work 
that is assessed at the oral exam. These amendments concern potential conflicts in the 
new design, mainly coming from relating students’ independent work and self-awareness 
so closely to the final assessment. On the one hand, the students are required to let go 
of the usual check marking from teachers, and rely on their own judgement (e.g., in 
choosing their level of ambition). On the other hand, students’ work will be the basis 
of an exam, whose criteria is beyond their influence and experience. These conflicts 
are partly affective in nature, due to a fear of being “trapped” and an uncertainty about 
the requirements. This makes it very important that elements of the didactical contract 
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are declared rather directly, in order to avoid uncertainty and misunderstandings. The 
students still assume, by default, the LPC contract. Accordingly the amendments have 
the nature of an allonge. In return for students’ willingness to accept the proposed new 
format and the working mode, the course organiser declares:

● willingness to change the plan when students object (reasonably)
● intention to follow closely how things are developing at ground level
● intention to assess students according to the circumstances under which their 

results are developed (rather than comparing them to (fancier) textbook versions)
● detailed descriptions of formal requirements (at the beginning of the course).

Obviously, these declarations must be followed by practice. As an example of the 
willingness to change plan, in the first run of the course with thematic projects, it 
became apparent that the workload was too heavy. This led to allowing each 
student to discard one project for the oral exam (thus drawing from 5 instead of 6). 
This is (also) reasonable because it gives the students an opportunity to adapt the 
examination to their individual capacities, and represents yet another task of self-
assessment.

The contract amendments concern the teaching directly. The lecturer must 
relate the course material with thematic projects in order for the course to become 
an integrated whole rather than a collection of isolated themes. Also, both class-
room instructors and the lecturer offer guidance to students in their project work, 
and it is explicitly stated that they will not provide complete or partial solutions. 
Their task in this context is to help students in the phases of formulation and vali-
dation. The written feed back on the project notes must work as a situation of 
institutionalization – it turns out to be crucial for the students that they can really 
regard it as such.

Likewise, the final assessment must respect the genesis of thematic project out-
comes, and ideally the winning strategies in the devolved games should correspond 
to winning strategies in the context of assessment. In most exams the grade is 
obtained as the result of a synthesis of two opposing principles: a subtraction proc-
ess where one counts down from an ideal, thus penalizing the student for flaws an 
errors; and an addition process, where the student is credited for achievements. In 
the classical oral exam the evaluation is based on a comparison of the student’s 
presentation with a “perfect” presentation from a textbook. This will almost auto-
matically give priority to the subtraction principle. When the student is evaluated 
on the basis of her own product, the examiner must focus on the addition principle. 
This point requires deliberate attention.

Whereas the change in the lecture format and its relation with the contract are 
rather straightforward, the assessment aspect of the contract is much more 
 complicated. It calls for a great deal of trust from the students and corresponding 
responsibility from the teacher. (“Can I trust that NN does give me credit for my 
rather weak version of theorem XX, knowing that there are much more powerful 
versions?”). Hence it is important that these elements of the contract are discussed 
during the semester. It can even help establish an ethos of the course.
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4.3  Students at Work: Adidactical Situations or Contract 
Following

In this section we describe what goes on when the students work on the thematic 
projects between classes, without the presence of the teacher or lecturer. How do 
they organize their work? To what extent do the students follow a didactical con-
tract and can their work be described as adidactical situations? These questions will 
be addressed by looking more deeply at the students’ collaborative activities in 
connection to the thematic projects.

4.3.1 Investigation Method and Goals

The second author followed two groups of students, and investigated the students’ 
work using a combination of informal interviews, video observations, and diaries 
kept by each of the students.

The purpose of the diaries was to obtain an overview of how different activi-
ties connected to the group work were situated during a specific week (Fig. 4.2). 
During this “diary” week, in the middle of the project period, all participants in 
the two groups were asked to keep a detailed record describing what project 
tasks he or she worked on, and when. Furthermore each student was asked to 

Fig. 4.2 A diary opening
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describe the type of activity engaged in, explain if the work was done alone or 
in collaboration (if so, with whom), and describe how many pieces of paper had 
been used and kept (if they used a computer for writing they would write that). 
Furthermore the diary had a field that allowed for free reflections about the 
activity reported on.

The diaries were accompanied by video observations of working meetings. A 
total of seven meetings of various lengths (about 6 h of video in total) were 
recorded. The researcher was in frequent contact with the two groups of students, 
mainly by finding them in the area where they usually worked (a university caf-
eteria). This frequent contact served several purposes. The contact was necessary 
in order to gain access to the students working meetings, because the students 
typically saw each other several times a day, and hence were able to reschedule 
meetings with a very short notice; which they often did. The contact also allowed 
a better longitudinal picture of the activities by allowing frequent informal inter-
views with the group members. This proved to be a valuable source of informa-
tion, and finally it helped to build trust between the researcher and the group of 
students.

The videos were summarized, and interesting parts identified and transcribed, 
using the Transana program for video analysis (Fassnacht and Woods, 2003). For 
more details about the methodology for collection and analysis of data see 
(Misfeldt, 2006).

4.3.2 Overall Impressions from the Meetings

The students in the two groups (Group One and Group Two) met in general once or 
twice a week to discuss their projects, with increasing intensity close to the deadlines 
for instructors’ comments. The meetings were generally concerned with:

1. Dividing the labour
2. Discussing solving strategies
3. Actual problem solving activity
4. Reviewing previously written work.

In interviews the students point to (1) and (2) as the main reasons for having the 
meetings; but (3) and (4) also occurred during all the meetings observed.

The didactical contract appeared explicitly from time to time in these activities. 
When dividing the labour the students often referred to an explicit contract that 
divided the questions into kernel questions and other questions. This distinction 
plays at least two roles for the students. First and foremost it provides a prioritiza-
tion of the tasks: it is clear that the students considered the kernel questions most 
important to solve. However, there was also an underlying assumption that the 
questions that were not kernel questions had to be very difficult, and hence perhaps 
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above the students’ abilities. The students seem to ignore them as a consequence of 
the didactical contract.

The contract was also present from time to time when the students were discuss-
ing solving strategies and when they were more deeply engaged in problem solving 
activities. The contract can pop up suddenly as we shall see in the following epi-
sode where three students (from Group Two) are working with accepting or reject-
ing a number of propositions and support their claim with either a proof or a counterexample. 
The first three propositions have been rejected with counterexamples, and we enter 
the conversation when they are brainstorming heuristics for the fourth. A possible 
counterexample is proposed when student B gets nervous:

18 Student 2b Shouldn’t any of this be true?
19 Student 2a Yes
20 Student 2c This can’t be right, I think this is a little too easy
21 Student 2b We were sure about this one, yes that was the argument from
    before
22 Student 2b Can it be that these are the ones “name of the instructor” talks
    about?
23 Student 2c Hmm I don’t think so
24 Student 2b Yes it must be them

There are several things in this quote that show that the students have the didactical 
contract in mind. Firstly, the concern that “some of the propositions should be true” 
is instantaneously supported by the two other students. We interpret this utterance as 
meaning “the teacher would not have asked us to prove or disprove if we only have 
to disprove.” Secondly, once the contract is introduced in the conversation the stu-
dents instantaneously reflect on what the instructor said in a previous session.

We have seen this type of contract pop-up many times when observing meetings 
amongst students. They tend to be short and do not in general guide the students’ 
investigations, but as this quote shows the students are aware of the fact that their 
mathematical work is governed by a didactical contract and occasionally they make 
use of the logic of the contract as a part of the heuristics for their mathematical 
work. In this case it contributes to their solution of the problem.

4.3.3 An Example of an Adidactical Contract

Apart from the didactical contract the groups developed what we called an adidacti-
cal contract, regulating their collaborative work. Where as students learning fulfil 
the didactical contract, the product the students make together fulfils this adidacti-
cal contract. In this section we describe an example of such a contract.

In Group One there was a special division of labour implying that one of the 
students was responsible for writing an electronic version of the group work. The 
two other students were on the other hand more or less responsible for solving the 
mathematical problems. If we take a look at a schematic summary of their diaries, 
we see that the preparation of electronic documents is a very time consuming  activity. 
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For each person and each day during the week the schema shows how much time 
he or she had spent at the university (above the line) and at home (below the line) 
and furthermore the letters P and G signify respectively whether the work was done 
personally or with the group (see Table 4.1).

The diaries and meetings showed that student 1a’s personal work had to do with 
preparing an electronic version of the document they were working on. On Monday 
in this specific week, the group collaborated for an hour and 25 min on a task about 
fixed points and, in the evening, student 1a spent an hour and a half typing the 
results of their efforts. On Wednesday student 1a handed over his electronic version 
for review by the other students. On Thursday student 1a received a commented 
version of the manuscript and the same evening he finished the report on fixed 
points by doing the proposed corrections.

The two other students also worked at home on Thursday but they were preparing 
the next thematic project on homeomorphisms. On Friday they discuss this thematic 
project for 3 h and over the weekend student 1a works 6 h alone on making sense of 
their discussions and preparing a preliminary electronic version of the report.

If we compare the hours that each of the students put into the group work we see 
that in addition to the meetings student 1a uses 7 h and 50 min working on the the-
matic projects whereas student 1b uses 2 h and 20 min and student 1c uses 2 h and 
30 min.

What kind of contract governs the students’ collaboration here? And how does 
it relate to the didactical contract? The diaries and our observation and commu-
nication with the group suggest that the students’ adidactical contract attributes 
the responsibility for the content oriented work in the thematic projects to students 
1b and 1c, whereas the responsibility for writing it up electronically is given to 
student 1a. One can ask if it is desirable that one of the students only does the 
typing, and if the didactical contract should be changed in order to avoid such a 
division of labour.

It is worth noticing that this division of labour seems to be rooted in a shared wish 
to “make a nice report” rather than in a concern to ensure their learning outcome. In 
fact, looking at the reports collected during the oral examination, one notices a gen-
eral tendency to take great care as to the professional design and layout of the report 
(in particular, the widespread use of TeX). If the work was dictated purely by the 

Table 4.1 A schema of the diaries from group one

Person Monday Tuesday Wednesday Thursday Friday Saturday Sunday

1a G. 1:25 h G. 0:15 h G. 0:30 h G. 3:00 h P. 3:30 h P. 2:30 h
P. 1:30 h P. 0:20 h

1b G. 1:25 h G. 0:15 h G. 0:30 h G. 3:00 h P. 1:00 h
P. 0:50 h P. 0:30 h

1c G. 1:25 h P. 0:30 h G. 3:00 h P. 0:30 h
G. 0:30 h
P. 2:00 h
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didactical contract it should have been a concern for the students to make explicitly 
sure that everyone could do all the tasks. Nevertheless this division of labour is, in 
our opinion, a nice example of the way that this new design supports adidactical situ-
ations in a very balanced way. The function of student 1a is not reduced to that of a 
typist. Indeed he does participate in the meetings where solutions and strategies for 
solutions are discussed and he does not receive a perfect manuscript for his prepara-
tion of electronic version; typically he brings home partially finished drafts of solu-
tions developed by the other students. It is also well known that the situation of 
formulation is a significant aspect of the mathematical work.

Obviously the adidactical contract differs in details for different groups of stu-
dents. For example Group Two took turns in writing up an electronic version of a 
document.

4.4  Evidence of Contractual Understandings 
in Students’ Written Reports

A typical exam enrolment results in approximately 200 thematic project reports. 
This section is based on a perusal of 80 reports from the exam in January 2004.

4.4.1 Overall Characteristic Features

Two characteristics of the reports are prominent: they are quite similar in form but 
very diverse in detailed contents.

All of the reports (with the exception of one group’s) are more extensive than 
required. In fact they are written as a full text rather than in the style of a synopsis. 
The mathematical argumentation is detailed and far more extensive than it is pos-
sible to present at the oral exam. In one case a group even included an appendix to 
incorporate material that was not accounted for in the body text. In a thematic 
project about “homeomorphisms,” one needs to use a certain result from the text-
book. About one third of the perused projects give a detailed account of this result, 
such that an uninformed reader in principle can start almost from scratch. In short, 
the students have adopted the genre of a textbook or lecture notes.

Also, as pointed out before, typesetting, graphics, etc. constituted a substantial 
workload. Almost all reports are carefully designed in terms of layout, in some 
cases even with a fancy graphical design on the front page. In a thematic project 
entitled “The Cantor Set,” the students are asked to give at least two different rep-
resentations of the Cantor Set. Most project groups choose “removing-middle-
thirds-of-intervals” as one of these representations, and illustrate the process 
graphically in their chosen word processor (usually TeX). Such an illustration is 
time-consuming to type and potentially difficult to remember at an oral presentation, 
thus seemingly superfluous in an exam synopsis.
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One may speculate as to why the groups dominantly chose to produce such elabo-
rate reports. The most immediate hypothesis would be that the formal requirements 
(i.e., making parts of the didactical contract explicit) were somehow unclear to the 
students. However, these were discussed with the students at several “question lecture 
sessions,” and it was repeatedly emphasized that the reports should just be a support 
for the students’ oral presentation. A more important cause – expressed during focus 
group interviews with students in another run of the course – seems to be that the 
groups want to demonstrate, internally and externally, that their work is really “com-
plete” mathematics of the type found in textbooks but elaborated by them. In fact, 
the internal functions may be more important. As suggested by the observations in 
the previous section, the written report is an important element in the adidactical 
contract: the work is organized around its production, and it is an important “mutual 
obligation” to ensure that everyone in the group will be able to use this product at 
the exam. Idiosyncratic “notes” or “memos” would not serve this purpose. The 
report becomes the means and end to fulfilling the adidactical contract.

The other striking feature is that the project reports are truly different from group 
to group. Of course, there are often only a few essentially different ways of attack-
ing a problem, but these can be varied in the detail. For example, the uncountability 
of the Cantor Set is proved either:

1. By a direct diagonal argument on one of two representations of the Cantor Set 
as binary sequences (left/right intervals or 0–2 ternary expansions)

2. By using a binary sequence representation and referring to the cardinality of 
{0,1}N, which, being a power-set, the textbook informs is uncountable

3. By referring to the Cantor function as a surjection onto an uncountable set
4. By proving that a nonempty perfect set must be uncountable

Only approaches (2) and (3) can be derived directly from the textbook.
In fact, among the 80 reports perused, we found that no two reports overlapped 

significantly in their detailed formulation and approach. It seems fair to conclude 
from this that the groups have worked autonomously. While the homogeneity in 
form of presentation, discussed above, is related to similar adidactical contracts 
(and, perhaps, to misunderstandings among students about the formal require-
ments), the diversity of content can only be interpreted as a result of the adidactical 
work in the groups. This is amply confirmed by student interviews and observation 
of student work.

4.4.2 Specific Features

The thematic projects were designed to include several possibilities for the 
students to choose their own level of ambition and technicality. Different formu-
lations of problems made it possible to respond at a level appropriate for the 
individual student. One of the ways to do this is to ask progressive questions: (a) 
give a conjecture, (b) substantiate your conjecture, (c) prove as much of your 
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conjecture as you can. For example, in the thematic project “Homeomorphism,” 
the students are given two (among other) statements about a bijection f between 
metric spaces M and N: (1) f is a homeomorphism, (2) K is a compact subset of 
M if and only if f(K) is a compact subset of N. One group claims that (1) is 
equivalent to (2), prove that (1) implies (2) and sets out to prove that (2) implies 
(1), but concludes with the remark: “MISSING!!! Have not yet proven this in a 
satisfactory way.” Apart from the optimist tone, this demonstrates confidence in 
the explicit part of the contract (partial answers will also be honoured). The col-
lected answers to the questions (a)–(c) range from mere unsubstantiated guesses 
to full proofs of the statement.

Another mechanism is the application of a theorem or concept in various degrees 
of difficulty and complexity. In the thematic project “Fixed Points” the students 
may apply Banach’s fixed point theorem in different settings. The “low-level” setting 
consists of finding an approximation to the fourth root of 2, and the “high-level” 
setting consists of showing the existence of an implicitly defined function. Both 
ways require full understanding of the statement of Banach’s fixed point theorem 
and insight into the proof. In the thematic project “Interchanging limits” the stu-
dents are asked to interpret known theorems as a statement about interchanging 
limits. Some are rather straightforward whereas others are somewhat obscure. In 
both of these projects the reports are distributed among all possible levels of ambi-
tion, thus demonstrating that they rely on the contract’s stipulation that their reports 
are accounted for on a personal level and that this will be respected in the exam. As 
“adidactical situations are learning situations in which the teacher has successfully 
hidden her will and interventions as a determinant of what the student has to do” 
(Brousseau, 1997, p. 236), it is not surprising to find that sometimes the teacher’s 
intentions with thematic project work can conflict with the effects of summative 
assessment. In the project “Homeomorphism” the students are asked to decide 
whether two given metric spaces are homeomorphic. Some groups respond to this 
by exhibiting explicit maps, which, as a very simple inspection shows, cannot pos-
sibly be homeomorphisms. However, the groups declare boldly that these maps are 
obviously of the desired type. In the project “Fourier Series” the students work with 
a version of Dini’s test. Some technical calculations are necessary for the conclu-
sion. There are several examples of “innovative” rules to achieve the goal. In other 
words, the logic of the contracts (demands from within and from without the group 
that it should produce definite results) supersedes, in these cases, the logic of the 
adidactical milieu.

4.4.3 Institutionalizing Meaning

When working on a thematic project, the institutionalization of knowledge is to 
some extent left to the groups, as the teacher is not present. Moreover, certain 
concepts are essential for the students’ understanding but are not in themselves 
objects of knowledge. The student may have “constructed a meaning” but can it 
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be institutionalized? Or at least depersonalized? Sometimes teachers and students 
must rely on convention established by common use. An example of this is the 
negotiation of the adidactical contract, concerning “how much detail should be 
given in our arguments” (in the report).

Construction of meaning may also depend on mental representations of mathe-
matical objects. The need for institutionalization is perhaps clearest when such a 
representation is wrong or insufficient. One group trying to describe the Cantor Set 
by means of removing middle thirds writes:

Even though one cannot continue to draw the corresponding picture, this procedure can be 
carried forward ad infinitum.

Later, when trying to prove that the Cantor Set is uncountable by means of 
LR-sequences (L for choice of left interval, R for choice of right) they write:

By a descent in the diagram (“corresponding picture” above) we imagine that we choose, 
step by step, between L and R. Somewhere far down in the diagram we find the points of 
the Cantor Set.

Even though this is a misconception, the students refer (almost) correctly to the 
Nested Interval Theorem, which would be unnecessary if an argument such as the 
above was valid. One sees here a conflict between an incomplete situation of for-
mulation and a misguided attempt to follow the contract (“the teacher expects us to 
quote the theorem at this point”). The institutionalization of knowledge has par-
tially failed.

4.5 Conclusions

In this chapter, we have tried to theorize and exemplify the relations mapped out 
in Fig. 4.1. In the context of university teaching where a significant part of the 
construction and institutionalization of knowledge is delegated to project groups, 
we have shown that the “rules of the game” may be described by two sorts of 
contractual relationships: the usual didactical contract, concerning the relation 
between teacher and students, which is needed to achieve the devolution and 
acceptance of the assigned work; and also an adidactical contract among the stu-
dents in a group, developed by them and regulating their different roles in achiev-
ing the aims of the group. The didactical contract is an arrangement between 
teacher and student that is successfully fulfilled by the student’s learning. On the 
contrary the adidactical contract is between the students and in this case fulfilled 
by the product the students deliver, rather than their learning outcome. In this 
sense the contracts live side by side.

The didactical contract, as proposed by the lecturer to the students, is explicit on 
the demands for the written product not to be an extensive report but merely a syn-
opsis to support the oral examination. Nevertheless the students developed an adi-
dactical contract that implied investing a lot of energy into the elaboration of the 
report, sometimes by assigning the responsibility for this to one student. We have 
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discussed the possible reasons for this result, but one can also question whether it 
is something one should try to avoid. A complete text rather than a synopsis may 
be a necessary part of depersonalization and shared validation for the students. 
A shared validation of the mathematical target knowledge for the thematic project 
will benefit from a fuller and less personal form of written product. A very short 
synopsis is essentially a personal tool and the more detail the report contains the 
easier it will be to share the report and gain shared confidence of its correctness.

The adidactical contract governing the collaborative work ensures that all 
students participate and it enforces a mutual commitment among them to accom-
plish the required work. The fulfilment of the adidactical contract is also needed 
because the students have to bring the reports to the final exam and give them to 
the evaluators. The strength of this specific kind of evaluation is that both these 
contractual aspects are evaluated by the final exam. The students have to achieve 
a mathematical product together, but they also have to show individually what 
they learned.

The development of contractual relationships within one course must be seen in 
relation to “normal” forms of contracts with which the students are familiar. 
Changing the form of assessment in a single course cannot be expected to result 
immediately in a retreat of the LPC contract and other well-established modes of 
conceiving the relationship between students and teachers. But as similar forms of 
work and assessment are increasingly introduced in other courses within the uni-
versity (e.g., Rump and Winsløw, Chap. 11), one may expect that the associated 
renegotiation of the contract will no longer be just a local problem of a particular 
course such as the one we have considered.
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Changes in Academic Cultures



Chapter 5
Cultural Models of Physics

An Analysis of Historical Connections Between Hard 
Sciences, Humanities and Gender in Physics

Cathrine Hasse

Culture is generally understood to be the values, beliefs and practices that we 
inherit and transform over time. At a deeper level it can be argued that values, 
beliefs and practices stem from cultural learning. Science has downplayed the 
influence of culture in its internalist self-understanding. In this chapter I argue 
that science is formed through cultural processes, which influence the selection 
of who are able to perform as scientists. I use a cultural-psychological theoretical 
framework to analyze how selections of physicists’ works through implicitly 
learned connections, which are only recognized as cultural, when they are con-
trasted with other ways of connecting. Cultural learning processes form concep-
tual connections over time, which are too self-evident to be questioned. They are 
only challenged when they are confronted with amazingly different connections. 
For many physicists in western European countries it has come as a surprise to 
learn that female physicists are found in larger numbers in the Southern and 
Eastern parts of Europe than in the Northern parts. Many possible sociological 
explanations have been proposed, but none have provided satisfactory answers. 
The cultural-psychological approach I propose offers a new understanding point-
ing to different historical formations of connections between gender, physics and 
the humanities. These connections can be understood as particular organizations 
of knowledge captured as different “cultural models” of physics. In Denmark, a 
Northern European country, we find a shockingly low representation of female 
physicists. In comparison, the southern European country Italy has a much higher 
representation of female physicists. It is argued that the difference is due to the 
work of historically formed implicit connections of gender and humanities in 
relation to physics, which are made explicit when the conceptions of physics in 
Italy is contrasted with conceptions of physics in Denmark.
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5.1 Challenging Internalist Science

In 1998 Sandra Harding posed the provoking question: Is Science multicultural? 
Internalist scientific epistemology rests on the central assumption that the internal 
features of science insure its success. Even when culture is recognized as an influ-
encing factor on science this influence shall be weeded out. Society shall provide 
education and conditions for science, but not influence it. 

“When science progresses, at its very best, it shall produce nothing culturally distinctive to 
the representations of nature that appear in the results of the research. The aim is to produce 
scientific information in which one can find no culturally distinctive interests or discursive 
resources of the societies that have produced the research” (Harding, 1998, p. 3).

This would to a large extent be the internal tale of science, as it was told to Robert 
Merton back in 1942, where the ideal norms of science (the CUDOS-norms) 
explicitly state that anyone, regardless of gender, colour of the skin and family 
background has a right to do science.1

In the past 30 years Science and Technology Studies (STS) have discussed sci-
ence as culture replacing the notion of a value-free objectivism with particular 
forms of reasoning which Karin Knorr-Cetina called “epistemic culture” (Knorr-
Cetina, 1999). Many of these studies have undermined the internalist self-
understanding, not least in physics.2 In spite of these studies many scientists still 
want to believe that their world is basically culture-free. Though it is generally 
accepted that science plays an important part in forming society, it is much less 
accepted by scientific disciplines like physics that society forms science. In the 
words of the anthropologist Sharon Traweek, physicists belong to an “extreme 
culture of objectivity, a culture of no culture, which longs passionately for a world 
without loose ends, without temperament, gender, nationalism or other sources of 
disorder – for a world outside human space and time” (Traweek, 1988, p. 162).

As shown by STS-studies this is a false picture. Physics is not only a culture with 
internal cultural beliefs, values and feelings. Science as culture is imbedded in a 
wider national/western context: science in culture.3 From postcolonial and cultural 
studies, we learn that science and society are co-constructing each other and they are 

1 CUDOS stands for the four most important ideals identified by Merton: Communism (meaning 
‘communality’ —science is not connected to any specific personal, corporate or state interest— it 
is common and therefore has an obligation to be public accessible knowledge), Universalism 
(truth is evaluated through impersonal criteria and stands as universal regardless of the cultural 
background of the scientific practitioners), Disinterestedness (science proceeds without being 
influenced by any personal interests of individual scientists) and Organized Scepticism (Science 
understands all truths claims to be provisional and open to critique (Merton, 1942).
2 See for example Knorr-Cetina (1999), Pickering (1984) and Galison (1997).
3 It should be noted that many physicists have actually welcomed this debate with the STS-people 
and seen it as an opportunity to expand the understanding of the relation between technology and 
nature, but these studies rarely include the psychological understanding of man’s understanding 
of nature. Other physicists have entered the dialogue with the STS-people and some have coun-
tered their claims in the fierce debate called ‘the science war’.
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also co-constricting each other in an array of different ways. Science is heterogene-
ous and complex. Even within the same discipline a glance through the magnifying 
glass can dissolve what appeared on the surface to be a coherent whole into a myriad 
of cultural practices, or, in the words of Joseph Rouse: “The practices of scientific 
investigation, its products, and its norms are historically variant. They also vary 
considerably both across and within scientific disciplines” (Rouse, 1992, p. 60).

The studies of science as culture have challenged notions of value-free scientific 
objectivism in the production of scientific facts (Knorr-Cetina, 1999; Latour, 1987). 
The studies of science in culture, including the present chapter, have tried to find 
explanations for variations in the way science is practiced and variations in who does 
the practicing in different national settings. It is still not fully understood why we find 
cultural differences, their nature and their influence, in the practice of physics. To 
understand the implications of cultural diversity in science we need a comprehensive 
theory of culture as well as informed empirical material. Neither is easily obtained. 
In the following parts of my argument, I shall first present a theory of culture, which 
connects historic variability and culture. Next I present empirical data, which sup-
ports the assumption that historical variability creates cultural diversity in relation to 
who are regarded as “intelligible” physicists. This analysis will finally be used to 
discuss the cultural diversity, which appears when we address who it is that actually 
make gendered careers within the “same” discipline in different nation states.

5.2 Cultural Models

The understanding that science is embedded in a culture, which is not confined to 
the scientific practice itself, demands a theoretical framework, which can render it 
probable that science as culture is connected with science in culture. The problem 
is that culture is not easily discerned as an empirical object. What one person sees 
as culture another may see as perfectly normal everyday life. Culture is therefore 
not directly what we see. It always appears as a foreground to an implicitly back-
ground carpet. When we decide something is cultural we need to explain the proc-
esses behind the creation of what is termed culture. Cultural psychology offers a 
comprehensive approach to the understanding of the processes behind the complex 
concept of culture. It is a fairly trans-disciplinary theoretical framework, which 
connects practice with psychological processes (Cole, 1996).4 It is not one coherent 
theory, but a ramified network of theoretical approaches combining insights from 
psychology, philosophy and anthropology. Within this framework culture can be 
understood as inseparable from human activity (Engeström, 1987) and broadly 

4 Cultural psychology first appeared as a theoretical framework in connection with a meeting in 
San Diego in 1980, between representatives from psychology and anthropology where the 
declared focus was to study the relation between cultural and psychic processes in real life activi-
ties instead of laboratory arrangements with the aim of bridging the gap between practice and 
cognition (Shweder & LeVine, 1984).
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understood as the “patterns of beliefs, values, and practices that we both inherit and 
transform over time”. Individuals “never share the complete culture of the group to 
which they are said to belong. At the same time, cultural practices are open or 
responsive to their ever-changing environment” (Gutiérrez, 2002).

Within this wide framework the more specific theoretical approach of cultural 
models offers an analytical tool to capture both end-product (cultural models) and 
processes (the connections through which cultural models are formed). In these 
models, artefacts, discourse and activity combine to make a coherent whole 
(Holland and Cole, 1995). As an analytical tool cultural models aim to make 
implicit cultural organizations of knowledge explicit, exposing assumptions, tacit 
beliefs and connections (D’Andrade and Strauss, 1992). What we call cultural 
models are organizations of knowledge formed in practices and “doings”, while 
they on their part give directive force to certain motivations, without making people 
“cultural dopes” (Holland and Quinn, 1987; Strauss, 1992). In this framework there 
is a strong focus on how different cultures seem to connect and organize local 
knowledge in particular ways, which implicates and directs certain practices 
(D’Andrade and Strauss, 1992; Holland and Quinn, 1987). It is through cultural 
models that our conceptions of the world are formed. Whenever we use a concept 
like “woman” or “physics” – or in one of the cases presented by Naomi Quinn a 
concept like “marriage” (Quinn, 1987) – we implicitly take a number of connec-
tions for granted.

Following a group of researchers working on parallel distributed processes, 
(McClelland et al., 1986) theories of cultural models use connectionism to explain 
how models are built up from everyday experiences. In connectionism, organization 
of cultural knowledge is learned implicitly in everyday practice. Contrary to classi-
cal theories in cognitive science the mind is not regarded as an information processor 
working on representations of the external world. Rather than making conscious 
association between otherwise discrete elements, the mind is considered a neural 
network. Whenever we experience the world around us, connections are made 
between neurons in the brain and when experiences are repeated the connections are 
reinforced (Strauss and Quinn, 1994). “Knowledge need not be explicitly learned or 
retained as explicit generalizations or formulae; instead regularities in behaviour 
reflect cognitive patterns extracted from repeated experience” (Strauss, 1992, pp. 
11–12).5 Cultural models organize the connections we make in relation to the cate-
gories we have learned mark the boundaries of the self-evident world around us.

The approach has, in my opinion, correctly been criticised for being overly men-
talist and overlooking how actions and the body play a part in forming cultural 
organizations of knowledge. When the process is defined broader than connection-
ism, as a cultural learning process (Hasse, 2002), the body and its position in physi-
cal world become part of the process.

5 The discussion of the formation of cultural models has often underestimated the importance of 
bodily presence for experiences, but in my understanding of cultural models they cannot be seen 
as inseparable from bodily presence in the world. It is our bodily movements in a physical world, 
which provide the experiences, which form the basis of connections.



5 Cultural Models of Physics 113

What is relevant for my argument here though, is that culture in this theoretical 
framework is not explicitly learned as what we see, but what we see with. “Once 
learned, it [culture] becomes what one sees with, but seldom what one sees” 
(Hutchins, 1980, p. 12). In the process of forming cultural models, every kind of 
experience with discourse and artefacts takes part in the formation (Holland and 
Cole, 1995). We live in “naturalized” self-evident cultural worlds, where acts, arte-
facts and opinions around us are so well-known that we would not dream of ques-
tioning them. It is only when we meet with other cultural ways of life that we begin 
to question the naturalness of our own connections.

The problem with scrutinising this relation within the framework of cultural 
psychology is that when culture is what one sees with, how can a researcher, seeing 
with his or her own cultural connections, claim to detect what can be analyzed as 
the cultural models other people see with?

5.3 The Method of Culture Contrast

In the case of relations between gender and science, countries around the world seem 
to have surprisingly different cultural organizations of knowledge about how the 
female gender and physics are connected.6 In countries influenced by Islam such as 
Turkey and Kuwait we find many female physicists (Megaw, 1991; Ebeid, 1998), 
where as we, with our western conceptions, would have expected the sharply divided 
gender roles to dictate that women stayed away from a “masculine” science such as 
physics. In countries such as Thailand girls are doing much better at physics and 
chemistry than boys (Klainin et al., 1989) and women seem to do much better in the 
“hard science” of physics in Eastern and Southern Europe (Barinaga, 1994).

When we regard this information as surprising we are using our implicit organi-
zation of knowledge. We perform an act of what Laura Nader has called “implicit 
comparisons”. Cultural research is always comparative as the prerequisite for 
acknowledging culture (Nader, 1994). To find culture we need to select areas of 
contrast, which creates the effect that the culture we perceive is a precise inversion 
of our own self-evident culture. When in Western culture the Muslim culture is 
often perceived as repressive to women’s rights, because women have to cover their 
hair and wear a chador, we in the same implicit comparison are seeing with a cul-
ture, which defines the western woman as free, because she can appear almost 
naked in public. Contrary to this what many Muslims see is a western culture that 
makes women into pornographic objects because they see with a cultural gaze, 
where a woman’s sexuality should be covered in public.

When we find out girls are doing better than boys in physics in Thailand and that 
women do well in “hard sciences” in Eastern and Southern Europe, it is surprising 

6 Knowledge is in this theoretical framework more to be understood as embodied than proposi-
tional knowledge.
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because in contexts such as the Nordic/Danish physics is associated with boys and 
careers in physics with male physicists.

If we combine the perspective of implicit comparison with cultural models, we 
can use the unexpected differences we find to tell us about the implicit connections 
we make ourselves in our own cultural models – and thus call forth explicitly the 
culture we see with. This is the aim in the method of culture contrast. The purpose 
is not to compare between two comparable objects, but to find connected to one 
object, what would be seen as the reverse in another context. This method opens up 
an analysis of surprising connections made between a science like physics and 
other culturally informed areas of life.

A starting point for the method of culture contrast can be for the researcher to 
compare statistical numbers connecting science and gender, but to get deeper layers 
of surprises it is necessary to combine with other fieldwork methods: participant 
observation and in-depth interviews. Both these approaches have the advantage that 
they open up the unexpected in research and thereby provide the sought after chal-
lenge to what we see with in the method of culture contrast. Below I first present 
studies, that connect gender with science and challenge our self-evident understand-
ings of how physics and gender should be connected as seen from a Nordic European 
perspective. Next I present a number of semi-structured interviews I held with Italian 
physicists in 2002–2003, and physicists from other nationalities made in 2004–2005. 
“As semi-structured interviews the questions follow a general script, but are basically 
open ended” (Russell Bernard, 2002, p. 203). It is this open-endedness, which allows 
for the surprises, which can be analyzed through the method of culture contrast. In 
these interviews with 11 Italian women and 14 Italian men, a completely new con-
nection to physics appears, which can reveal my own Nordic/Danish cultural model of 
physics in contrast to an Italian one.7 This connection apparently has nothing to do 
with gender. It rather concerns the relationship between humanities and natural sci-
ences in a local, cultural-historically shaped context. However, in the end this culture 
contrast can provide a new insight in the gender differences found.

5.4 Women in Science

In general, natural sciences are encountering increasing problems with recruitment, 
especially of female physics students – and notably in the industrial North Western 
world (Sjøberg, 2000, 2004; Mejding et al., 2004). The few women who choose to 
study physics tend to disappear after graduation.

7 I have made 55 semi-structured interviews with physicists in all, mainly from Denmark and Italy 
(but also with physicists from the United Kingdom, Sweden, the Netherlands, Senegal and USA); 
and also a number of interviews and focus group interviews with Danish and Italian physics stu-
dents. The interviews were gathered in two interconnected projects: Gender-barriers in the 
Becoming of a Natural Scientist (1996–1999) and The Cultural Dimensions of Science (2002–
2005) both financed by the Danish Research Council.
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This lack of women at the top of academia is not unique to the discipline of 
physics, though. Well-qualified female scientists seldom reach top-level positions 
to the same extent that their male counterparts do and often leave the research sys-
tem prematurely. This has been well documented in a number of studies, notably 
the SHE-figures, the Helsinki Group Reports, and the ETAN- and ENWISE 
Reports.8

The difference between the women and men entering science studies and the 
women and men obtaining academic positions in academic science institutions 
are illustrated by the so called scissors diagrams (TERSTI, 2003, p. 263; Osborn 
et al., 2000). Even if women and men start their studies on an equal footing, the 
closer one gets to the top-academic positions the more men (the upper blade of 
the scissor) and the fewer women (the lower blade of the scissor) one finds. 
From this scissors diagram – formed from huge collections of data on women, 
men and science conducted by the European Commission (EU) – we can see that 
women are not moving up through the echelons of scientific careers as much as 
their male counterparts.9 This lack of gender balance can, to a greater or lesser 
extent, be found in all areas of the European countries surveyed by the Helsinki 
Group, who commissioned the study of these subjects. Another apt metaphor for 
the same process is the leaky pipeline, introduced by Joe Alper in 1993.The 
background for using this metaphor was highlighted in the ETAN report on 
women and science (Osborn et al., 2000). Whatever country or discipline we’re 
discussing, whatever the proportion of women among the undergraduates and 
whatever equality measures are put in place, we still see a disproportionate leak-
age of women from scientific careers at every stage in the academic hierarchy. 
These numbers are in themselves a challenge to internalist and CUDOS-driven 
conceptions of science.

Yet, in a number of EU-surveys cultural differences have appeared on a very 
general scale and have complicated the pattern of general exclusion of women from 
scientific careers; as well as troubling even more the notion of a coherent scientific 
enterprise. Theresa Rees, conductor of the Helsinki Report on national policies on 
women and science in Europe, summed it up in this way:

So what have we learned about women and science from such a diverse range of countries? 
The first point to emerge is that there is a huge diversity in the approach to women and 
science among these countries. (Rees, 2002b, p. 53).

If we take a closer look at the general figures the numbers are puzzling, according 
to expectations. Many statistics deal with general sectors–as HES (Higher Education 
Sector) and GOV (Government Sector). If for example we take a closer look at the 

8 The reports can be found in Alper (1993), OECD (1996), Colosimo and Dewandre (1999), 
Osborn et al. (2000), Bebbington and Glover (2000), Laurila and Young (2001), Maxwell, Slavin 
and Young (2002), Rees (2002a), SHE-figures (2003), Blagojevic, Havelková, Sretenova, Tripsa 
and Velichová (2003).
9 See for example the Helsinki report, the ETAN-report and the SHE-figures to mention a few 
(Rees, 2002a; Osborn et al., 2000; SHE-figures, 2003).
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interesting pie charts presented by the Helsinki Group we find an almost similar 
number of women in HES in Denmark and Italy. In Denmark the percentage of 
women in HES is 27, 3%, whereas in Italy the number is 28, 4%. Rees (2002a, p. 
38) says10:

There is no significant difference between these numbers and that is a surprise in a Nordic 
context. You would have expected Danish women to have a higher share than Italian 
women. For one thing Denmark is a country with a long story of government supporting 
facilities easing women’s work-life and women liberation. As it was stated in the Helsinki-
report: “For more than 25 years there have been laws regulating equal rights between 
women and men within Danish society”.

The first Danish laws on gender equality were passed back in the mid 1970s and 
even though in the past years we have experienced some setbacks (see Lykke, 
2002, pp. 144–149), we are normally considered a paragon country when it 
comes to equality policies. We have in past years received much praise for the 
ability of the Danish State to supply assistance in childcare, kindergartens, mater-
nity leave and so on. In politics, Denmark in 1999 had 37, 5% female members 
at the European Parliament, whereas Italy had only 10, 3%.

Italy, on the other hand, has only recently acknowledged the “women’s prob-
lem”. As it became clear at the European Conference on Gender and Research 
in Brussels in November 2001, Italy generally looked upon gender in this way: 
“as such, women’s and gender studies were generally judged as an anomaly – 
which caused a delay in comparison with the situation of other European coun-
tries”. (Cantú, 2002, p. 168)11. Furthermore, the female share of the workforce 
is 47% in Denmark and only 38% in Italy. In the “naturalized” connections we 
make in Nordic countries, we would expect to find that the percentage of women 
in HES-research in Denmark to be much higher than in Italy. But we find to our 
surprise, that even though women in Denmark have a much better foothold in the 
labour-marked in general, we are not performing better than Italian women in 
HES. When it comes to having gained a foothold in physics, Danish women 
perform worse. These kinds of puzzling differential patterns can be found not 
just in Europe between North and South – but also between East and West all 
over the globe.

10 From the Helsinki report on National Policies we know that in Italy (p. 106) there are 50.501 
HES-researchers of which 14.332 are women and 36.169 men. In my recalculation this is 28.4% 
women. In Denmark (p. 100) we have 9,685 HES-researchers of which 2,645 are women and 
7,040 men, which in my recalculation equals 27.3% women (1999-figures) (Rees, 2002a).
11 That Denmark concerning gender policy really has experienced setbacks since the 1970s has 
been apparent. Not only in the political and academic unwillingness to earmark professorships for 
women (see Lykke, 2002), but also in the fact that Italy already in 1996 appointed a woman as 
Minister for Equal Opportunities for the first time, and she was responsible for important main-
streaming functions. (Cantú, 2002) In Denmark the first Minister for Equal Opportunities was 
appointed in July 1999 three years after Italy.
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5.5 Surprises across the Culture Divide

In March 1994 the special issue on Women in Science in the Journal Science presented 
a “world map” of women in physics showing the percentage of women working in 
university physics faculties for 31 countries based on a questionnaire sent out to 1,000 
university physics departments throughout the world (Barinaga, 1994; Megaw, 1991).

This study showed that the participation of women in physics varied dramati-
cally among countries. Japan had the lowest percentage of women physics faculty 
(1–2%), with Canada, West Germany, Switzerland, Norway and U.K., all having 
less than 5% women physics faculty. At the other end of the spectrum, Hungary had 
47% women faculty in physics. Thailand, USSR, Italy, Philippines and Portugal all 
have more than 25% female physics faculty – some a lot more.

Even though such cultural comparative studies are still few – they have been 
followed by further studies carried out by the physicists themselves (e.g., Ivie, 
Czujko and Stowe, 2002). These studies, as Carlson (2000) notes, begin to give 
shape and form to the underlying causes and contexts for the low participation of 
women in statistics and the sciences. It will be seen that it is not a uniform condi-
tion and we have much to learn from the varying realities across countries.

In Megaw’s data a kind of pattern seems to appear. If you were to take a card 
over Europe and put a little green pin for every female physicist in Europe (member 
states and associated countries of the European Union) an ever more lush and green 
landscape appears the further South and East we go, where as the Northern and 
Western countries remain rather white and arid.12

The results were unexpected, as noted in the special issue of Science, which was 
termed “surprises across the Culture Divide” (Barinaga, 1994). The new map 
showed that some of the most industrialized countries had the smallest percentage 
of women physics faculty, and seemed to contradict stereotypes about national 
cultures and how they treat women. The ten countries with the largest female phys-
ics faculty percentage included three European Mediterranean countries (Portugal, 
Italy and Turkey, with Spain and France in 11th and 12th place), apart from Asian 
and Eastern Countries. Countries with large physics establishments, high levels of 
industrial development, and strong women’s rights movements provided six of ten 
countries with the smallest female physics faculty percentage: Canada, Germany, 
Norway, USA, UK and the Netherlands.

Though Denmark was not part of the Megaw study, I can from my own data 
supplement his work and confirm that in Denmark the percentage of women phys-
ics faculty is also below 5% and indeed when I started my study on physicists in 
Denmark in 1996, it was below 3.5%13.

12 Other surveys have found some differences from Megaw’s very clear picture of the North/South-
East differences, but the tendencies are more or less the same.
13 As noted by Beverley Carlson, who finds the same puzzling dissimilarities within Women in 
Statistics, data like these clearly indicate that culture is a powerful influence on how well women 
do in science in general, as well as in statistics in particular. She notes that the Mediterranean 
phenomenon of much higher percentages of women in the scientific professions is also observed 
among the ISI members (Carlson, 2000).
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These numbers are surprising and cannot be explained from an internalist view of 
physics. In their own self-understanding, physicists belong to a tolerant scientific 
community – only the explicit and official evaluation of scientific results matter. 
However, in practice their community is socially limited. Here some would argue that 
when we find more female physics students, we generally also find more female 
physicists. But as noted by Osborn (1994) there are places with up to 50% female 
university students studying science topics, but only 2–3% female full professors. 
Even if the numbers of physicist students followed the number of permanent staff 
more closely, it would still not explain why we find gender differences between the 
countries in relation to physics. In some countries it simply seems to be more feasible 
for females to study and make careers as physicists than in other national cultures.

According to internalist scientific epistemologies, the success of science is 
insured by its internal features (Harding, 1998, p. 2). However, the numbers suggest 
that physics, from the perspective of who gets access to study physics, is very far 
from the inherent ideals formulated by Robert Merton in the CUDOS-norms. 
According to these norms the evaluation of scientific results is based solely on 
impersonal and objective criteria. Nationality and gender are completely irrelevant 
when it comes to the evaluation of scientific expertise. If this was true we would 
expect either that male and female physicists or physics students were evaluated as 
equally competent no matter where they came from or we could expect a consistent 
pattern showing that male (or female) physicists or physics students were consist-
ently better that their gender counterpart across national borders. Instead we find a 
complex pattern where girls can outsmart boys in physics in Thailand and the oppo-
site is the case in Scandinavian countries. Female physicists apparently never out-
number male physicists when it comes to permanent positions. However, the share 
of female physicists fluctuates and we apparently find more of them the further 
South and East we move.

To understand the puzzling figures, we must first accept that knowledge about 
the natural world seems to be intertwined with knowledge about the social world 
(Harding, 1998, p. 11). When our knowledge about the social world changes, our 
knowledge about the natural world might also change. The very numbers in them-
selves dismiss the notion of an internalist understanding of science and cry out for 
more knowledge on consequences of cultural differences in gatekeepers (see Husu, 
2003 for a discussion on gatekeepers) and recruitment policies to science and – 
from my point of view– most importantly: a better understanding of how cultural 
organizations of knowledge create cultural differences in practice.

5.6 Inconsistent Explanations

Several explanations of the numerical discrepancies have been put forward. In a 
special issue of Science in 1994, four discrepancies in particular were identified 
(Barinaga, 1994). It can be noted that these differences are on different levels of 
explanation:
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1. Cultural differences in the economic development and the labour market
2. Cultural differences in perception of class
3. Cultural differences in perception of education
4. Cultural differences in state supported childcare.

At the most general level we can ascertain that in countries which seem in need of 
fast economic development (as the former communist Eastern European countries) 
women can make up to 50% of the scientific researchers, whereas in industrial coun-
tries with a long male dominated history of economic development (like USA and 
the Northern European countries) women’s tenured participation in scientific activi-
ties can be as low as 3–5%. Connected to this argument is the point made about 
cultural differences in perception of class. In the Northern countries the pecking 
order has been considered by some to be organized by gender perception rather than 
class: rich men, poor men, rich women, poor women. Whereas in other countries, 
especially developing countries, the ordering principle has rather been economic 
wealth and the pecking order thus: rich men, rich women, poor men, and poor 
women.

These explanations can, from the point of view of cultural models, be discussed 
as examples of different implicit connections made between gender and physics. In 
some countries physics is not strongly connected with gender, so when the econ-
omy demands “more hands at work” being female is not seen as an obstacle. From 
the implicit comparative point of view we could then argue that in a Nordic cultural 
model of physics we regard gender as so important that even when more hands are 
wanted in the economy (and the lack of “hands” in physics has been strongly under-
lined in the Nordic countries the past ten years), we “think gender” before we think 
“hands”. Any hand in this context is a gendered hand: and the connection between 
physics and women is apparently difficult to make. This could be connected to the 
second explanation that class overrules gender in some countries in so far Nordic 
countries are perceived as countries which have levelled out class differences. But 
this is contradicted by the fact that Nordic countries are also known to have levelled 
out gender differences. These two explanations can, in other words, not provide 
satisfactory answers and the pattern becomes even more complicated when we 
include the last two explanations given.

The third and the fourth explanations concern how the state is, or is not, provid-
ing structures for education and childcare. Some societies use gender as an ordering 
principle for education in the sense that boys and girls are sent to different schools. 
In other countries (as in the former Communist countries and in the Scandinavian 
countries) it is underlined that boys and girls must follow the same path. Again 
these explanations can be seen as connections made between gender and science. 
The division in boys’ and girls’ schools should explain why we, in some countries, 
find a better representation of female physicists. Education (and therefore also sci-
ence education) is related to gender in so far as male and female students are 
thought to disrupt each other’s education in mixed classes. The assumption there-
fore is that when boys and girls are kept separate (when gender is made the 
 overruling principle) then female physicists have a greater opportunityto develop 
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themselves as proficient physicists. But again the pattern of connections is not 
consistent. In some countries, like the former Eastern European countries, we find 
many female physicists and yet the schools are in no way gender divided. In the 
Nordic countries the schools are similarly not gender divided and again we find a 
low representation of female physicists.

The fourth explanation claims that women are having a hard time making a 
career in science, because the state does not provide childcare. Women are thus 
connected more with childcare than men, and childcare is seen as something that 
excludes women from science unless they are helped by the state. Yet we find the 
lowest representation of female physicists in some of the countries with the highest 
amount of state provided childcare, like Denmark, and a much higher representa-
tion in Italy, where very little state child care is provided. The four explanations 
given are all contradicted when we compare the conditions in Eastern, Southern and 
Northern Europe.

The question remains: why do we find more female physicists in a country like 
Italy without much explicit gender policy than in Denmark with all the government 
supported facilities and a long history of women’s emancipation? If we take a 
closer look at the particular science of physics in Italy and contrast it with Denmark, 
we find even more puzzling data from the Nordic point of view.

5.7 The Hard Science

If we start looking at the everyday life of a Danish female physicist, it is very 
likely that her early every day experiences were somehow affected by the gender 
issue. Not least because she was considered odd when she chose to study phys-
ics. In Denmark, according to the OECD-survey Education at a Glance (OECD, 
1996), boys consistently outperform girls in physics. In mathematics, the gender 
gap in achievement is moderate – with a slight advantage for boys. In science, 
however, it is considerable. Boys outperform girls in Denmark with more than 
30 points – almost one grade-year equivalent (see OECD, 1996, Chart R10.2). 
Are the gender differences observed at this age predictive of later stages and 
future career choices? Although this question cannot be answered directly, when 
it comes to the percentage of students in higher education in Denmark female 
students comprise around 25% for mathematics and the “hard” natural sciences, 
whereas in Italy we find 50% of the students are female in the same natural sci-
ence and the percentage is almost the same in mathematics (Osborn et al., 2000, 
Fig. 2.2).

In Denmark physics seems to be gendered. It is generally known to be a subject 
that does not attract women. They prefer health-studies or human studies 
(Henningsen, 1998). Physics is considered to be a very hard subject, and only stu-
dents with a background in natural sciences at a certain level, generally obtained 
through enrolment in a high school with an emphasis on mathematical and physics 
skills. In a study I did at the Niels Bohr Institute for Physics at Copenhagen 
University, it was obvious that the students considered physics a very hard subject 
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to study indeed (Hasse, 2002).14 Most girls drop physics modules in high school and 
choose the language lines, thereby excluding themselves from studying physics at 
university level and pursuing a career in physics – or at least making it very hard for 
themselves to catch up at a later stage to meet university requirements in physics.15

Once students are able to study physics at university level, they constantly talk 
about how hard it is, and that becoming a physicist is equivalent to becoming an 
elite scientist. Female students in particular, seem to completely loose their self-
confidence in this elitist physics culture. (Hasse, 1998a).16

There seems to be a conflation in connecting physics with “hard science” and 
the fact that hard science is mostly sought after by male students. Conceptualizations 
of physics in Denmark come very close to what Carolyn Merchant (1990) and oth-
ers have identified as inherently sexist science. In Denmark there is a commonplace 
connection made between physics as a hard science dominated by males and the 
humanities as soft sciences dominated by females

The politicians as well as the physicists have for a long period tried to attract 
more women to a career in physics. Among the administrative staff and the elder 
established female physicists, there is a lot of focus on gender and even a special 
organization for women in physics. Physics is generally regarded as a male domain, 
in which it can be very difficult for women to find a place. Therefore, something 
extra needs to be done to help females succeed in physics (Hasse, 2000, 2002). The 
cultural-historical conceptualizations of physics connect physics with being a hard 
“male” science that creates highly elitist, sought after scientists and where the gen-
dered nature of physics is highly enunciated and discussed.

5.8 The “Classical” Physicist

In many Southern and Eastern European countries the view of physics is different 
– t is not considered especially hard, difficult or elitist. Nor is physics conceptual-
ized as particularly masculine. These views are reflected in the number of women 

14 In a survey done among first year students most considered physics to be a hard subject to study 
(Hasse, 1998a).
15 Until a few years ago there was a sharp division between mathematical-physical studies, classi-
cal studies and general language studies in Denmark. The division line was also generally consid-
ered a gender division line between females choosing languages and males math-physics. A new 
reform has in 2005 softened these division lines but the high school choice of subjects is still 
decisive for further education. There is no free uptake at university level. In study physics at uni-
versity level a student has to have passed physics and mathematics at A-level and chemistry at 
C-level. As not enough students in general apply for this study the students are not competing on 
who have obtained the highest marks in the gymnasium. If one fulfils the general obligatory 
demands, students who want can study physics at university level (in sharp contrast with a lot of 
humanistic studies where students compete for the seats). From 2008 the formal demands are 
changed so you now have to have Danish at A-level, English at B-level, and mathematics, physics 
and chemistry at either A-AB- or A-B-A-level.
16 See also Hasse (1998b; 2001; 2002).
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in physics, starting from the level of high school education. In Denmark female 
physicist students enrolling at university level comprise around 18–20% of a fresh-
man group. In Italy female students comprise approximately 45%. During my 
fieldwork I asked Italian students questions about the oddity of a woman studying 
physics, but the students reacted with surprise. They expressed the opinion that they 
had never though of it this way. It was explained to me that “here in Italy physics 
is not a “gendered” subject” as it is in Denmark.17

On the other hand, in Italy physics is connected to something, which from a 
Danish point of view is very surprising, but rather self-evident for Italian students. 
In Italy, it is possible to study physics at university level with a background in the 
humanities. This fact was accidentally revealed through my interviews with Italian 
physicists. In these interviews I was surprised to find again and again that many of 
these physicists had apparently not entered physics from a background in a math-
ematical and physics oriented education. In a Danish context humanities and natu-
ral sciences are generally seen as mutually exclusive. The physics students I 
followed at the Niels Bohr Institute made this clear to me: the worse fate for a 
physicist was to be degraded to working with the soft humanities subjects (Hasse, 
2002).18 However, many of the very successful Italian professors in physics that I 
interviewed turned out to have entered their study with a high school background 
as classical studies. They were versed in philosophy and cultural history, studying 
Aristotle in Greek, reading Cicero in Latin and the like.19 Through questions 
addressing why they began to study physics and general research biographies it 
became clear to me that the recruitment pattern differed substantially between Italy 
and Denmark. I was not aware of this when I planned the project in Italy and I did 
not select physicists to fit this pattern. This was something hat became apparent 
during my interviews. Apart from gender I selected the male and female physicists 
according to availability, geographic and topical interests. Even so 14% of the 
Italian men and 64% of the Italian female physicists I interviewed (or 7 out of 11 
of the female physicists) turned out to have a background in classic language and 
philosophy.20 From the perspective of someone familiar with the Danish culture of 

17 Barbara Mapelli (2002) has argued that Italian girls have a real desire to do science. However, 
they describe a female scientist different from a male scientist, and they perceive science differ-
ently from boys (Mapelli, 2002). This does not mean that physics in Italy is gendered in the same 
way, as it is in Denmark, though, where the girls have no desire for science. The girls Mapelli 
spoke to, and the Italian university students I spoke to, did not consider the discipline of physics 
to be a primarily ‘male domain’ as such —but considered that there can be gendered ways of doing 
physics.
18 New reforms have tended to blur this distinction, but the political pressure is more directed at 
underlining that physics has a humanistic value, than the opposite found in Italy, that languages 
and philosophy have something to offer to physics.
19 These surprising findings led me to start searching for information on criteria for the intake of 
students and the group interviews with students with and without ‘classical’ backgrounds.
20 One of these women actually did not have a background in classical studies but entered physics 
science with a ‘scuola magistrale’, a background with even less connection to physics than the 
classical educated.
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science this is quite strange indeed – though not at all odd from the Italian perspec-
tive. What is even more astonishing from a Danish cultural perspective is that nei-
ther the male nor the female physicists (who had all done very well in physics and 
were now employed as full time professors) had found that the classical back-
ground had been clogging them during their university studies.21 In fact, on the 
contrary: the more technically trained students had even admired classical students. 
In Italy having a background in classical studies was seen as an asset. As one pro-
fessor in physics, coming to physics with a scientific background, explained:

I myself have a background equivalent to a mathematical-physicist high school student in 
Denmark. But here in Italy it is rather an advantage to have a classical linguistic back-
ground, when you start physics studies at university level. The ‘classical’ students are 
simply better at analyzing. What we learned in science high school was to think much more 
‘mechanically’ – to think in the correct answers. I have always believed students with a 
classical background are the most advantaged.

An Italian teacher of philosophy expressed the same opinion in a slightly different 
manner, explaining that the “classical” students become especially apt physics stu-
dents because they, through their knowledge of philosophical and classical subjects, 
learn to think in the abstract lines of thought of importance to both the natural sci-
ences and the humanities. She underlines that until 15 years ago is was not uncom-
mon that most of the students matriculated at the physics institutes in Italy 
originated from the classical language line in high school – and thus did not have a 
scientific background.

The high school in classical languages was simply the best at training students in reason-
ing, because such a systematic and profound study of classical subjects had a formative 
influence on the students’ intelligence – especially their ability to think in abstractions and 
make inferences.

Furthermore this teacher underlined that a non-specialized education system like 
the Italian one does not make too hard a division between humanistic and natural 
sciences. And we do not find the same kind of gender divisions that we find in 
countries like Denmark, where girls and boys have had to choose between a human-
istic or a scientific line – and where we find that the girls in much greater numbers 
have chosen the humanistic line just as the boys in much greater numbers chose the 
scientific line. This also conflates somehow with a more relaxed attitude towards 
science in Italy.22

What the Italian female physicists brought with them when they entered physics 
at university level was a rather prestigious background, giving them self-confi-
dence, as one of them explained to me. And this could be part of the explanation as 
to why we find more Italian and maybe also Southern European female physicists 

21 This was later confirmed in my study by young physics students from Rome with a classical 
background. They also claimed that they did not experience their classical background as particu-
lar cramming.
22 Some might get the idea that Danes learn ‘better’ physics because it’s considered a ‘hard’ subject in 
Denmark, but in the PISA survey Italy and Denmark score almost equally (Mejding et al., 2004).
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than we do Nordic. Most of the Italian female physicists, just as their male col-
leagues, expressed satisfaction with their life as physicists. And even though many 
of them complained about problems with state support for childcare and maternity 
leave, they regarded these as problems belonging to the world outside of physics 
and many of them rejected even looking at themselves as “women in science”. As 
an Italian physicist said:

I do not want to speak of myself as a ‘female-scientist’ because I am a strange ‘scientist-
woman’. Why am I strange? We are alike. If I have a problem it’ s because we do not have 
the kindergartens to bring the children to, but this is not a problem tied to the ‘woman-
scientist’, this is a societal problem, where the Italian politics are failing.

This attitude is considered very problematic from the feminist point of view of 
making gender problems visible in Italy, but most Italian women I spoke to did not 
want to connect their career-paths in physics with gender.23

This classical connection to the humanities clearly influences female physicists’ 
career paths. In 2000–01, 23080 students were enrolled in physics studies at Italian 
universities. Of these 43.9% were women and of that percentage more than a third 
had a humanistic background, whereas only less than a tenth of the men had such 
a background.24 The requirements for physics studies at university level are very 
different from Denmark, and this seems to open up new possibilities especially for 
female students with a degree in the humanities – often in classical languages and 
philosophy. In interviews female students with a “classical” background also 
expressed very clearly that they do not experience this starting point as being set 
back, but rather an advantage.25

Whereas in Italy female physicists do not identify themselves as “female” and 
refuse to see their gender as connected to career problems, it is no problem in the 
Nordic countries to find female physicists who links career problems to being 
female. Even though I also spoke to some feminist oriented Italian physicists I 
heard none of the real horror stories about being a female physicist that I heard from 
their colleagues in the Northern part of Europe. My interviews with Danish, 
Swedish and English female physicists showed a much more problematic relation-
ship between being female and being a physicist. I shall in the following refer to 
them as “Nordic” – because the patterns are more or less alike in the three countries 
– but also to protect the women telling sad stories about not being recognized. 
Many of the women belong to the same age group as the Italian tenured female 
professors, but have never had a permanent position. They were interviewed 
because we find so few women in permanent positions in the Nordic countries. 
When I interviewed these women a substantial number expressed real bitterness 

23 Here we find a curious continuation of the pattern found on large scale at the European map of 
gendered physics. In the Southern part of Italy female physicists are more satisfied than in the 
North.
24 The numbers were collected from the Ufficio di Statistica, Rome, in the summer 2003 by my 
assistant Ketty Mazzara.
25 I made group interviews with four groups of male and female students in Rome, La Sapienza 
and in Catania.
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over their academic life stories. Their whole career they had felt like outsiders. One 
of the Nordic female physicists told a terrible story of being a male professor’s 
assistant on his project for more than 25 years. When he died she had never had 
tenure, and proposed that the institute should finally employ her. Her colleagues 
looked at her in bewilderment: “But did you ever publish anything on your own?” 
they had asked. She was very hurt, she explained in the interview. They were simply 
not aware that even as the professor’s assistant she had been able to make independ-
ent research and had published over 100 renowned articles within her field. Even 
so she never got tenure as a physicist researcher.

Another female physicist from a different physics institute in a Nordic country also 
expressed how she always felt like an outsider, though she had been connected to her 
physics institute on a more or less yearly renewal base for over than 30 years.

I have never been taken seriously as a colleague, when they talked about opening up for new 
tenure positions at the institute[. . .] I have very strongly been made to feel I am not one of 
them [even though] I am specialized within the broad research profile of the institute.

This woman had attended a girls’-school before studying physics and she was 
regarded as being really bright. According to this woman it was in no way a help 
to her when she entered the physics labour market that she had had excellent marks 
and had always received praise for her work as a Ph.D. student. She had achieved 
her Ph.D. in another country at a university were four women dominated her rather 
small institute: one professor, one lecturer and two PhDs. They had all attended 
all-girls-schools and she was certain that this had something to do with the relaxed 
atmosphere around doing physics. She had simply not been aware that physics 
could be considered a “hard” subject until she returned to her native Nordic country 
and got a part time contract.

Even so, in her Nordic country, her colleagues passed her by again and again as 
an almost invisible person –until a certain episode. At this time she was a very 
renowned researcher within her field of particle physics, abroad. But among her 
own colleagues she was not regarded as an equal partner when it came to tenure. 
She explains how it really hurt her feelings when, after many attempts, she applied 
for a job, which everyone agreed that she was obviously qualified for.

It was a very ugly story. Even though I was declared obviously qualified, one of my closest 
collaborators said I was unqualified [. . .] they had decided someone else should have the 
position. The head of the department became the Chairman for the re-evaluation commit-
tee. I could do nothing.

She did not get the job and she explains it this way: “I think he had a problem with 
me being a woman. He felt it as a threat, I think. And I have no mentors here”.

5.9 Cultural Knowledge of Gender and Physics

Intelligibility is important for cultural studies of science (Rouse, 1992). What I 
argue is that the cultural organization of knowledge, the cultural model of physics, 
makes different connections between gender and physics intelligible. In Italy 
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 gender and physics are simply not strongly connected to the extent they are in 
Denmark (and the Nordic/Western countries).26 In the Nordic cultures everybody 
has, through everyday experience, learned to reinforce connections between phys-
ics and “hard science”. “Hard” connects to “male” and “elitist”. Girls who want to 
perceive themselves as girlish, should, in other words, stay away from physics, 
which threatens their identity as female: thus connecting physics with terms such 
as “not-female” and “gender-segregation” in the educational system. With this cul-
tural perception it is very surprising that someone could even think about consider-
ing a background in classical studies to be an asset for a physicist.

In Italy physics is easily connected to humanistic studies – studies of philosophy, 
Greek and Latin27 – and far from seeing the “humanistic” background for physics stud-
ies as disadvantage it is seen as advantageous, because classical education is consid-
ered to be of a higher status than physics. Women in no way lose their female identity 
by studying physics, though all physicists might be considered to be on the boring side 
of the job-market. However, physics is generally considered a good education for earn-
ing money later in life – much more than an elitist education aimed at “lofty science”. 
It is not the case that Italian physicists are less respected or considered less competent 
than their Nordic colleagues, who stress the “elitist” aspect of physics.28

There is a link back to the four reasons given in the special issue of Science 
(Barinaga, 1994), which make it possible to understand the conflicting explanations 
in a new manner. In Denmark and other Nordic countries physics is, from the outset, 
gendered (as physics has been connected with “hard science” and “hard science” with 
being male). Any woman, who chooses to study physics, has to overcome the inher-
ent cultural knowledge that she is entering a masculine domain. She also enters with 
the culturally organized knowledge that this discipline is not only masculine, but 
“hard” and “difficult”. In Italy, which is much more of a class society than Denmark 
is, being a classical student has always been connected to being “posh” and from the 
upper classes. This connection between classical studies and class makes classical 
students attractive to all kind of studies – and here physics is no exception.

Cultural conceptualizations and what can be analyzed as “cultural models” do 
not appear out of the blue. They are never simple, but rather complex. They are 
emerging in everyday life as historical processes.29 Culture as cultural conceptuali-
zations is never at rest (Hasse, 2002). Human science thinking has been almost 

26 This could also explain why much critique of natural science as androgynous comes from North-
Western feminists.
27 It can be noted here that the students Barbara Mapelli (2002) spoke to both connected physics 
with philosophy and to being a down-to-earth science that has practical implications for mankind 
(Mapelli, 2002). In my empirical material the women did not connect physics with more philo-
sophical subjects, but I found the same connection with physics as a down-to-earth-science 
(Hasse, 1998a; 2002).
28 Female PhD’s in physics in Denmark often come from Italy, and Italian female physicists are 
highly respected in international collaborations in topics such as high-energy physics.
29 In Denmark the first women graduated in physics in 1892. Italy has, on the other hand, a long 
history for women in science with the physicist Laura Bassi (1711–1778) as the most noteworthy. 
She was appointed to the Faculty of Physics in Bologna as early as in 1732.
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completely excluded from physics in Denmark, but in both Italy and Denmark there 
are signs of new interrelations. In Denmark the Institute for Natural Science 
Philosophy has been placed at the Natural Science Faculty of Copenhagen 
University and in Italy the ministry of education is increasingly denouncing Italy’s 
ongoing support of classical studies, which historically has been connected with a 
pride of the “Roman past”. History and culture moves on, and physics in culture 
moves along with it.

5.10 Towards a New Humanistic Physics?

Cultural diversity challenges the notions of internalist physical science along with 
“ready made” stable categories of gender. Contrasting field-findings suggest that in 
the Nordic countries male gender and physics are linked whereas physics and 
humanity cannot be connected in general conceptualizations. Physics is considered 
masculine and incompatible with human science. The discipline is placed in an 
untouchable ivory tower of “hard elitist science”. In the Southern part of Europe 
general cultural conceptualizations of physics seem much less connected to gender. 
Physics is more integrated with the general cultural history and is not seen as a 
particularly “hard” discipline.

In this analysis of cultural models we have to find and connect the pieces of the 
puzzle which seem to be the most important for the discussion at hand, but any 
cultural model is also an analytical construct constricted by the researcher’s 
research and limited imagination. Even so from this perspective it seems that we 
can discuss the influence of the cultural models of physics in two ways. One points 
to an interesting discussion of how tacitly learned connections can influence wom-
en’s (and men’s) career possibilities and create gender segregated research fields, 
such as the field of physics, in a wider national cultural context. The other is a more 
speculative discussion concerning whether social epistemology in general can 
influence scientific epistemology in physics culture. In both cases questions are 
raised about an internalist notion of science.

In the first case it seems as if the very enunciation of gender, emancipation and 
gender policy in the Nordic countries could be followed by an engendering and 
segregation of science as a reaction to the strong focus on gender in society in gen-
eral. Physics could, in this cultural context, be seen as the “last bastion” for men in 
a world where women seem to take over public space.30 We find a pattern of women 
in human sciences and men in the natural science.

In Italy we find that women place a lot more engagement in areas like “hard” 
industries involved in physics, engineering and IT as well (Colclough, 2004). This 
can lead to the suspicion that gender segregation stems from a focus on gender and a 
substantial amount of women in the workforce. Gender barriers, in what is in Nordic 

30 The frequent newspaper statements underlining this point support this thesis.
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countries typically considered “male domain”, are not so explicit in Italy, where 
women’s participation in the working market is more recent than in the Nordic coun-
tries. This supports the thesis that the higher the employment rate of women, the more 
gender segregated the labour market (Colclough, 2004). Our findings could further 
imply that the higher the educational level for women, the higher the disciplinary 
gender segregation. so for however we lack the reseach to confirm this thesis.31

In the present argument cultural models of science can be influenced by an integra-
tion of gender into the model. A Nordic cultural model of physics makes it difficult 
for women to be motivated to engage with “masculinized” domains, because it might 
mean a loss of identity as “female”. The more women who enter the public arena, the 
more important gender as an ordering mechanism seems to become society – in edu-
cation as well as work. Emancipation might historically have opened a lot of public 
doors to women in Denmark, but the price might have been a high degree of being 
connected as women the public arena. Some areas are easily connected to women 
(especially areas dealing with childcare, care of the elderly and the sick); others are 
more readily associated with men in this gender-segregated society. When a woman 
crosses a border into male “territory” she is risking her gender-identity. The result is 
that cultural models can force Nordic women to choose different career paths to 
Italian women if they do not want to be seen as “masculine women”.

In Italy gender is not connected to physics in the same way, so female physicists 
do not perceive themselves as women-in-physics.

Contrary to Merton’s ideals gender does seem to matter in the selection of those 
who get pass the intelligibility gates into the culture of physics. From a cultural-
psychological perspective we can open the discussion of how differently connecting 
cultural models of physics and gender might influence scientific epistemology. For 
many scientists gender studies in physics are of no importance what so ever to inter-
nal science issues. In the so-called “science war” scientists such as Steven Weinberg, 
Paul R. Gross and Norman Levitt have attacked studies on the social practice of sci-
ence. Feminist contributions to science studies from Sandra Harding and Donna 
Haraway have also been attacked (Parsons, 2003). For these opponents science/
gender studies say nothing substantial about science even though they might say 
something on social relations. In the internalist science perspective a lack of women 
in science is a social problem, which does not concern science epistemology. On the 
other hand, even though it is not easy to determine exactly how different cultural 
models of science could have serious consequences for notions of internalist science, 
we also have some indications of how different cultural models of science with or 
without “masculinization” might influence science epistemology. We can clearly 
claim to find a pattern of a closer connection between humanities and conceptualiza-
tions of physics in the Italian case, but no research is available which could confirm 
or reject a direct link between the acceptance of “classics issues” in the practice of 

31 In the IT-area we find the same tendency as for women in physics. Women are severely under-
represented in the IT-sector in Denmark and England, where they, according to 2001-figures, only 
comprise 26% and 24% of the employed. In Italy 38% of the employed in the sector are women 
(Colclough, 2004).
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physics and the number of female physicists. It would be difficult to argue in any 
simple way that more women are equal to a different kind of physics, but it has been 
claimed that scientific knowledge is intertwined with social issues such as gender 
(Rolin, 2001). Gender ideologies can either restrict opportunities for scientific dia-
logue or distort the evaluation of scientific competence, as argued by the philosopher 
Rolin (2001). The strong opinions about women in physics in Denmark might influ-
ence evaluation of the work of female physicists.

In both models (the Italian and the Danish) connecting physics with either gen-
der or classical studies could be of epistemic significance. This raises a number of 
questions about the relation between gender, science and the cultural recognition of 
excellence, following up on studies on gender bias and the mechanisms that appear 
to prevent women scientists from achieving excellence (Al-Khudhairy et al., 2004; 
Brouns, 2004).

It could be argued, that if natural sciences and their preoccupations in reporting 
on nature are embedded in and are complicitous with social projects, then a causal, 
scientific grasp of nature and how to study it must be embedded in (be a special area 
of) causal scientific studies of social relations and how to study them (Harding, 
1991, p. ix). Not least because: adequate social studies of the sciences turn out to 
be the necessary foundations upon which more comprehensive and less distorted 
descriptions and explanations of nature can be built (p. 15).

Once it is acknowledged that there is no isolated internalist science, but a phys-
ics culture influenced by cultural-historical changes, we must start thinking about 
these studies of science and the practice of doing science in new ways. The physi-
cist Karen Barad has, among others, encouraged readings of science and technol-
ogy studies in physics classes and in general called for at more responsible natural 
science, which implies thinking about the nature of scientific practices and its rela-
tionship to other social practices (Barad, 2000, p. 246). Whether this approach will, 
in the future, show that there is a connection between many female physicists and 
a more responsible and more humanistic oriented science remains to be seen.
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The orthodox view in the teaching of science and mathematics at the university 
level is that during lecture courses, knowledge and information are transmitted (as 
if “piped”) from the heads’ of the professors to those of the students. The latter then 
(fail to) apply what they supposedly “learned” during the lectures to world prob-
lems or “real-world contexts.” Even those who adopt a constructivist stance to 
learning appear to assume that students transfer to the workplaces that they enter 
after graduation whatever they have learned in their university lectures. The reality 
shows that this is not the case. My experience and research shows that university 
science and mathematics professors complain that their undergraduate students 
come with little knowledge; those who employ university graduates, in turn, also 
deplore the substantial lack of graduates’ mathematical and scientific knowledge 
required on the job. This can be interpreted in at least two ways. First, we may infer 
that both high school and university students have cognitive deficits so that they 
either or both (a) do not learn and (b) do not transfer what they have learned to a 
new setting. Second, we may infer that very little relevant knowledge has actually 
been transferred from textbooks and teachers’ or professors’ minds to the students. 
In any case, there appear to be knowledge gaps fittrst between high school and 
university, then between university and workplace. Being successful in the former 
institution does not guarantee success – at least initially – in the latter. How then 
should university science and mathematics educators approach this problem? What 
good does it do to teach if little of what has been taught is of actual use in the places 
that the university intends to prepare students for?

In this chapter, I track the problem of the knowledge gap between university and 
workplace. I begin by describing and exemplifying the results of nearly a decade of 
research involving both think-aloud protocols among science students and profes-
sional scientists and long-term ethnographic studies among scientists and techni-
cians. My paradigm case comes from graphing, that is, a “skill” or practice that lies 
at the very heart of and defines the nature of science (Roth, 2003). I briefly articu-
late the problem in terms of a theoretical framework that is centrally concerned with 
what people do rather than with what they might carry around in their brain case. 
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This theoretical approach not only explains the gap but also allows us to articulate 
constraints on the redesign of university education intended to do a better job in 
preparing science and mathematics students for their future workplaces.

6.1 Graphs and Graphing

In the history of science, visual representations other than text in general and graphs 
more specifically are essential components of the increasingly rapid development of 
science and scientific knowledge (Edgerton, 1985). During the twentieth century, for 
example, the knowledge in theoretical ecology exploded with the arrival of a particular 
form of graph that embodies models of and theories about populations (Kingsland, 
1995). It is therefore not surprising to find many such representations in scientific 
journals: surveys of journals in biology (Roth et al., 1999) and physics (Lemke, 1998) 
revealed that there are, on average, 14.8 and 12 visual representations, respectively, 
per 10 pages of scientific text, of which 4.2 and 10, respectively, are histograms, scatter 
plots, and line graphs. Learning how to use graphs ought to be an important aspect of 
formal schooling so that by the time that students graduate from some university science 
program, they know how to read them or how to make use of them in oral communi-
cations (e.g., in conferences) and in written form (e.g., journals, reports).

To find out more about graph interpretation practices, I studied how individuals 
from different populations – including university science students, university 
graduates, scientists, and science teachers – interpreted a series of graphs all culled 
from a first university course in ecology. The graphs used in my research constitute 
a representative selection of those found in a popular 800-page introductory ecology 
textbook. One of these graphs displays a plate figuring birth rate and death rate 
as functions of population size (density); the two curves intersect twice (Fig. 6.1). 
The graph is paradigmatic for the discipline and constitutes a model of the type that 

Fig. 6.1 A paradigmatic graph from a first course in ecology depicts birth rates and death rates 
of some population as a function of its size N
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ecologists began using during the 1950s and 1960s. Although this is one of the first 
graphs university students encounter in their studies, our research shows that repre-
sentatives of all populations – including practicing scientists – encounter difficulties 
in providing an answer that the professor of an ecology course would accept as 
correct. In the following two sections, I articulate some of the similarities in the 
difficulties that showed up in our controlled studies of expertise.

6.2 University Graduates’ Interpretation of Graphs

Nearly a decade and a half ago, I began a research program into the use and development 
of representation practices in science. Since then, I have conducted think-aloud 
protocol and ethnographic studies in the disciplines of biology and physics: the 
participants in my research ranged from eighth-grade students to university students, 
graduates from university science programs, professional scientists and professors, 
and technicians. One of my studies had shown that eighth-grade students developed 
tremendous competence in analyzing data they had collected themselves, representing 
them using statistics and graphs, and defending their use of graphs and other math-
ematical representations (Roth, 1996). These results stood in stark contrast to a 
review of the literature, which showed that students in general do not do well when 
it comes to graphs and graphing (Leinhardt et al., 1990). Pursuing the question of 
whether universities prepared science teachers to teach inquiry and the use of math-
ematical representations, we were surprised to find that there was a statistical dif-
ference in the performance of college graduates with B.Sc. and M.Sc. degrees and 
our eighth-grade students, who, working in pairs, outperformed the future teachers 
(Roth et al., 1998). We conducted several more studies to track down the source of 
the fact that college students had such tremendous difficulties in using and inter-
preting mathematical representations in science generally and graphs more specifi-
cally. The following two episodes – featuring two university students in the process 
of interpreting a population graph (Fig. 6.1) – exhibit some of the main, character-
istic features that I found.

The two students were among a small select group of students in an advanced 
fifth-year course preparing them to become science and mathematics teachers. 
They stood out among the cohort of future elementary teachers because of a strong 
preparation in the subject matter and because of their high level of success in their 
coursework. Despite this preparation, they, as others in the advanced course, failed 
to identify the two equilibrium points as unstable (N

1
) and stable (N

2
) and the point 

in the graph where the population should exhibit the largest increase in individual 
organisms1 – 44, 22, and 0% in the total (pre-service) teacher group provided correct 
answers with respect to these three features. The episode picks up about 1 min into 
the 6-min session with respect to this graph. Tara and Karin are still working their 

1 The point where the increase in individual organisms is largest is of special significance in 
population ecology from a management perspective, for it is the point that permits the maximum 
sustainable yield.
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2 The following standard transcription conventions have been employed.

A: ¡i’m/ looking at Brackets indicate the extent to which speech or actions overlap.

D: £oh f (0.56) Pause measured in tenth of a second are enclosed in single parentheses.

(.)  A dot in parentheses indicates a slight pause, less than 0.10 seconds 
long.

Faster Underline indicates emphasis or stress in delivery.

YEA  Capital letters are used when a syllable, word, or phrase is louder than the 
surrounding talk.

A: S:o::  When a sound is longer than normal, each colon indicates approximately 
0.1 of a second of lengthening.

A: Envi– The n-dash marks a sudden stop in the utterance.

.,?  Punctuation marks are used to capture characteristics of speech rather 
than grammatical features.

(stay out?)  The question mark following items enclosed in single parentheses 
denotes an uncertain hearing.

( (circles) ) Double parentheses enclose transcriber comments.

°Or?°  Degree signs enclose utterances produced in a low voice, that is, with low 
speech intensity.

(*)  Denotes the exact place in the transcript that corresponds to the image 
presented above.

way through the text next to the graph (Fig. 6.1), which they read while going back 
and forth to the graph depicted next to it.2

6.2.1 Episode 1

01 Tara:  such a function is biologically realistic 
if, for example, individuals have trouble 
finding mates when they are at very low 
density. (0.47) yea, because that’s (*) 
mo:re people die, (0.68) 

02 Karin: (*)uh um.

03 Tara: is less people, so there’s less births. (*)
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As Tara (sitting to the right from the observer perspective) reads the text about the 
biological realism of the birth rate curve at low densities, she actually moves to look 
at the death rate curve, follows it with her pencil from low to high population densi-
ties (see off prints in turns 01–02). She then establishes a causal relationship between 
the higher death rates to the right of the graph and the lower birth rates in that same 
region (S

3
, Fig. 6.1). It is important to note that her gestures exhibit the same concep-

tual relations as her words, which – because gestures and words have been reported 
to express different conceptions (Church and Goldin-Meadow, 1986) – is evidence 
for the rather consistent and stable understanding expressed in her presentation. In 
this instance, the two students agree about the fact that the graph depicts a causal 
relationship between death rate and birth rate. That is, their talk establishes a relation 
b = b(d) rather than the relations b = b(N) and d = d(N) that are salient to a theoreti-
cal ecologist. Furthermore, the two students provide a static description – higher 
death rates (01) means “less people” (turn 03) despite the fact that the population 
(density) is actually higher to the right of the graph than to the left.

From the perspective of an ecologist, the graph constitutes a model for the 
dynamic of a population given its birth rates and death rates as functions of population 
size. Thus, the two intersections clearly identify two equilibrium points, one unsta-
ble (N

1
) and one stable (N

2
). (Not articulated here but evident to a theoretical 

ecologist is a third equilibrium point at N = 0.) To get to this (standard, correct) 
interpretation of the graph, one has to perceive it as representing a dynamic, itera-
tive relation: The population size determines rates, which change the population 
size leading to new rates, and so on until the population has settled in a stable 
equilibrium. Or, in more mathematical terms,

 N
t + 1

 = N
t
 + (b

t
 − d

t
)N

t 
(i)

 b
t + 1

 = b(N
t + 1

) (ii)
 d

t + 1
 = d(N

t + 1
) (iii)

The following episode exemplifies the approach of many university students: they 
tend to view the graph as depicting a set of stable rather than functional relations. 
The episode begins when Karin articulates that birth rates larger than death rates 
mean population growth. She first gestures a positive growth rate (right hand moves 
upward with respect to top of left hand), then points to the middle section on the 
graph (S

2
, Fig. 6.1). She then articulates the inverse relation as meaning “non-

growth,” simultaneously pointing to the left (S
1
, Fig. 6.1) and right-most areas on 

the graph (S
3
, Fig. 6.1).

6.2.2 Episode 2

01 Karin:  cause any time there’s (*) more people 
being



138 W.-M. Roth

  (*) born than

   there is (*) dying, (0.40) you’re having 
a population growth. (0.74) at anytime 
there is less (points to S

1
) people being 

(points to S
3
) born than dying (points to 

S
1
, S

3
) you have a population (.) like 

(0.20) non-growth what are you gonna 
call it ¡and here/

02 Tara: £°yea in° f
03 Karin:  (points to P

2
, P

1
) there is no popula-

tion growth at all (0.19)
04 Tara:  in those two points (0.47) okay, (0.43) 

yea, (0.29) i guess what I was thinking 
about this (*) top (0.25) ¡section (0.34) 
right here (0.31)/

05 Karin:  £this’s all i remember of this one 
nowf

06 Tara:  is that this is the point where (0.56) 
the, (0.64) oi: i don’t know where but, 
(0.58) u:m (0.93) there is a certain 
relationship between (0.23) how (*) 
fast (.) this is going,

07 Karin: ¡uh hn /
08 Tara:  £and howf (*) fast this is going, (0.31) 

and this is a point where it changes 
(0.33) in the reverse (0.32) an

09 Karin: ¡uh hn/
10 Tara:  £this f starts to slow down (.) in respect 

to this, (0.22) not really speeding up 
but (0.22)

11 Karin: ¡uh hn /
12 Tara:  £in rel-f in relative terms, (0.90) it 

would like this is speeding up,
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Karin ends her summary of their findings with the statement that at the two 
intersection points: “there is no population growth” (turn 03). Whereas her descrip-
tion is certainly correct if taken to be the description of the population parameters 
at a particular point in time, it does not express the dynamic relations that are salient 
and important to (many) ecologists. More importantly, Tara then articulates not the 
comparison between the two rates but the steepness of the curves as the salient 
feature. First, she points to and talks about the maximum of the birth rate curve 
(turns 04, 06) and then articulates the relationship between the slopes of the curves 
(“relationship between how fast this is going, and how fast this is going” [turns 06, 
08]) while pointing to the two rates. She then describes the maximum of the birth 
rate as a special point, where “it” (where the nature of the it remains under-determined 
at the moment) “changes in the reverse” (turn 08). In relative terms, the difference 
between the slopes of the death rates and birth rates get larger the further one moves 
to the right.

In this Episode 2, therefore, two features that prevented university students reaching 
the correct interpretation are exemplified. First and visible in the transcript of Karin’s 
talk, the graph is perceived as depicting a series of static comparisons between birth 
rates and death rates. This relationship then determined what would happen to the 
population independent of the fact that any changes in the population size would 
entail a change in the birth rates and death rates, which are interpreted to have specific 
consequences for the population dynamics (see equations i–iii). Thus, Karin and Tara, 
like the predominant number of university students in several studies, inferred that in 
the right-most section of the graph, the population would crash. In a number of 
instances, students talked about the graphs as if they depicted functions of time (i.e., 
b = b(t); d = d(t) ) rather than functions of population size N.

Second and exhibited in the transcript of Tara’s talk, the slopes of the curves 
often stood out for the university students rather than the relative heights of the 
curve. This generally led to confusion between rate used to denote the derivatives 
of mathematical functions (e.g., b’(t) = db(t)/dt) and the rates depicted here (e.g., 
b = b(N) ), which are already functions of the population size or density N. This 
frequently caused confusion, for the students were no longer aligned with respect 
to their understanding; and, unbeknown to them, some students within the same 
groups discussing the graph talked about the slopes whereas others spoke about the 
values of the two curves.

In both instances, the perceptual aspects of the graph became mediating 
elements that interfered with arriving at those interpretations that the professor of 
the introductory ecology course from which we culled the graph would have 
accepted as correct. Perceptual salience played an important role on another point 
as well. When asked which population there would be the largest number of indi-
viduals added to, all university students and science graduates responded either by 
pointing to the maximum of the birth rate curve (db/dN = 0) or to the point where 
the distance between the two curves is largest (d(b–d)/dN = 0). The number of 
individual specimens is maximized, however, when the function (b(N) – d(N) )N is 
maximized.

A final point to be mentioned here about characteristic features in science 
students’ interpretation pertains to the role of concrete examples used to contextualize 
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the graph and to make its implications concrete. The science students often described 
the curves literally (i.e., “birth rate goes up” and “birth rate decreases”) but did not 
talk about actual or possible populations that it might be used to describe or model 
(explain). Some students and student groups, such as Karin and Tara, talked about the 
population in terms of “people.” This sometimes led to confusion, especially when 
they talked about birth rates being high in countries (Ethiopia and India were used as 
examples) where the death rates are high.

6.3 Scientists’ Interpretation of Graphs

The research concerning graphs and graphing among scientists began with my 
interest in identifying some answers scientists would provide to a variety of tasks, 
which I wanted to use as a standard in my work with middle and high school and 
university students. Our (researchers’) preconceived notion was that scientists 
would be experts – I write “preconceived” because graphing has long been touted 
to be one of the core scientific process skills. One of our investigations, framed as 
an expert/expert study using a standard think-aloud protocol, showed that scientists 
were far from perfect (Roth and Bowen, 2003). Although they were most successful 
on the population graph – only 56 and 50% correctly interpreted a correlation and 
isocline graph, respectively – 25 and 37% failed to characterize N

1
 and N

2
 (Fig. 6.1) 

as unstable and stable equilibrium, respectively. Only one of the sixteen scientists 
in the first expert/expert study correctly identified the point in the graph where there 
is a “maximum sustainable yield.” Our study showed a statistically reliable differ-
ence between biology professors, who exhibited higher success rates, and scientists 
working in the public sector, who did not teach undergraduate biology courses. 
A close analysis of the think-aloud protocols revealed many of the same problem-
atic features that I had detected among high school and university students. The 
following Episode 3 – which has been excerpted from the protocol involving 
Annemarie, a physics professor and highly successful (award-winning) teacher 
with more than 30 years of experience – exemplifies some of the features I noted. 
A cursory look at the episode shows that there are many pauses, some very long 
(5.06, 20.76, 6.24, and 4.98 s), which are indicative of the troubles she experienced 
and expressed with this task.

This episode begins when Annemarie articulated an interpretation for the 
right-most section of the graph (S

3
), which she takes as indication of a decreasing 

population. Although not explicit in the first few lines, it is evident from other 
parts of the transcript that she means the population crashes. Much like the stu-
dents discussed in the previous section, she takes a static rather than dynamic 
perspective, leading her to make incorrect inferences. She then points to the 
maximum of the birth rate graph (second offprint) and talks about the change 
between two situations, the decreasing population just articulated and an increasing 
one inferred a little earlier. Annemarie then talks about rates of change.
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6.3.1 Episode 3

so in this region (*) the death rate is higher than the 
birth rate (1.20) (*) so the population is decreasing 
again. (2.55) um – so somewhere in the middle 
(0.57)

(*) there was a change between these two. (0.84) 
¯A::hh. (5.06) the birth rate (.22) it’s a – (1.18) it 
means rate of change? (0.47) °But the rate of° (0.95) 
yea:: I see. (20.76) (pencil moves from S

3
 to S

1
, to 

word “death rate”) Conser – an conservation of such 
a species° (6.24)

Well it just – (1.14) feels that as long as the (1.20) n 
birth rate (4.98) is increasing (*) (1.20) faster than the 
death rate is increasing

(1.20) (*) then the population is::: in good shape. 
(0.90) but when the birth rate begins to decline, 
(2.03) and the death rate stayed the same (pencil 
aligned with the death rate curve) (3.52) (pause, pen-
cil comes to left of intersection 2)

it’s okay for a while (*) but eventually – (0.86) clearly 
the ah (0.82) population is going to diminish. am I on 
the right track?
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The transcript shows that Annemarie not only talks about rates of change in 
general but also about the derivatives of these particular curves (“birth rate is 
increasing faster than the death rate is increasing”). Other parts of the think-aloud 
protocol confirm that Annemarie is talking about the slopes as salient features; she 
even uses the term derivative to name what she is looking at. This is made even 
further evident when she compares the birth rate and death rate as declining and 
staying the same, respectively. It is evident that the slope of the death rate stays the 
same when one goes from left to right – as she does with her pencil. That is, at this 
point, she envisions trouble for the population as soon as the slope of the birth rate 
becomes negative with a constant slope of the death rate. Toward the end of the 
episode, with her pencil moving repeatedly from the maximum of the birth rate 
curve toward the intersection, Annemarie suggests again that the population is 
going to diminish – in fact, as she says elsewhere, is going to disappear.

This episode exhibits three problematic aspects identified even in the scientists’ 
protocols:

a) taking the graph as a representation of static birth rates and death rates
b) failing to account for the underlying dynamic, the salience of the slopes
c) a potential confusion between the functions (birth rate b(N) and death rate 

d(N) ), their derivatives (rates = slopes: db/dN and dd/dN), and the temporal 
changes in the population and the curves depicted (rates = speed: dNdt, db/dt, 
and dd/dt).

These results (including those pertaining to the inappropriate attribution of the 
maximum sustainable yield to the maximum difference between the two curves) 
underscore the fact that scientists also commit the errors previously ascribed to 
children and older students, especially when unfamiliar with a (type of) graph. 
They interpret the perceptual aspects of a graph rather than some “deep” feature 
that those who know attribute to representations.

Scientists not only exhibited difficulties but also experienced them as something 
they were talking about as they went along. Thus, depending on the task, between 
13 and 50% of the scientists suggested that the graphs made little or no sense, that 
they were lost, or that they were not doing well because the graphs featured bad 
practices (one scientist even sent me an article about how to construct better 
graphs). The scientists attributed their experience of difficulties to these reasons.

In contrast to the difficulties scientists experienced with the graphs from the 
ecology course and textbook, they exhibited tremendous competencies when it came 
to talking about graphs that issued from their own research or from others working in 
the same domain. There was a gap in their practices between the two situations, inter-
preting an undergraduate-level but unfamiliar graph and interpreting a work-related 
graph. The most important difference between talking about the tasks versus talking 
about their own graphs were the copious amounts of detailed knowledge scientists 
articulated with respect to the experiments conducted, the tools and instruments used, 
the transformations that led from the natural phenomenon to the graphical representa-
tion, the contextual details pertaining to origin and history of the samples studied, and 
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so on (Roth, 2003). I came to understand that all of these contextual details and 
knowledge about what did or conceivably might have happened was a central element 
in competent graphing and graph use. That is, competent graphing seemed to be not 
a general but in fact a highly contextual skill, requiring tremendous knowledgeability 
about the phenomenon, experimentation, data generation and transformation, and 
theoretical background. The graphs and categories these employed turned out to be 
highly indexical. To be able to interpret the graphs and use the categories, even the 
scientists needed to identify a relevant context within which graphs and categories 
became resources for marking and making sense.

These and similar results initially were perplexing to me. Researchers on graphing 
among high school students generally suggested cognitive deficits for explaining why 
the students did not arrive at standard answers. For example, drawing on certain per-
ceptual features of graphs rather than on some deep structures was said to constitute 
perception-based misconceptions; reading the height of graphs rather than their slopes 
was attributed to slope/height confusion (Leinhardt et al., 1990). My problem was that 
my population involved scientists, most of whom had completed Ph.D.s, who had been 
very successful in their work as measured by their publication rates and the amount of 
external funding they attracted to their institutions. It would not have washed well had 
I tried to argue that their problem was due to a cognitive deficit. This, then, became a 
defining moment in my research. First, I was cured forever of attributing students’ 
learning problems to cognitive deficits and of accepting such explanations – if I ever 
did. Second, it led me to a double-pronged research approach. On the one hand, I 
wanted to see how scientists used graphs in their workplace and how they developed 
the tremendous competencies with respect to graphs that issued from their own 
research or from the research of others working in the same domain. I decided to con-
duct ethnographic studies both among scientists (experimental biology, field ecology) 
and among technicians (water technician, fish culturists). On the other hand, I was 
changing the way in which I looked at knowing and learning, turning to praxis-oriented 
theories, including cultural-historical activity theory. In the following two sections, I 
articulate my findings and developments in these two domains, respectively.

6.4 Graphs and Graphing in the Workplace

The results from the research on graph scientists’ interpretations pointed me in a 
different direction with respect to how to theorize knowing and learning. Rather 
than thinking about how people know and learn in terms of stuff (“knowledge,” 
“skills,” “conceptions,” “cognitive structure”) in their heads, knowledgeability 
appeared to be closely related to what they do and how they do it in everyday 
praxis. To find out required more than thinking or philosophizing about knowledge-
ability: I decided to conduct ethnographic studies. Initially, these studies were 
confined to scientific research situations – an ecological fieldwork station, a forest 
engineering research group, and an advanced laboratory studying fish vision. But 
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then the research in these situations was extended to include an environmentalist 
organization and a fish hatchery. In each of these I studied the use of graphs and 
graphing practices for periods covering 3–5 years.

It turned out that not only scientists but also technicians and individuals with no 
more than high school education were highly competent with respect to graphs and 
graphing that were the result of, and appeared in, their work. To exemplify the 
particular nature of work-related graphing competencies, I draw on the ethno-
graphic study in the fish hatchery, where fish culturists kept detailed brood records, 
that is, records concerning the particular salmon species they raised from egg col-
lection to smolt size before releasing them into the neighbouring river. In the fol-
lowing Episode 4, Erica, one of the fish culturists currently responsible for raising 
coho, has taken me to her office and leaves through her brood records. Erica 
attended 2 years of a business program at a local college but then dropped out to 
first work as a temporary worker in a fish hatchery and then, when a position 
opened up, became a fulltime employee.

At the moment where the episode begins, Erica has already talked about a 
graph that she uses to track fish growth over an 18-month period, and has already 
suggested that the graph really only represents average fish weights and that the 
population is actually better represented in the histograms she creates after each 
sampling episode. The episode picks up when Erica explains the nature of the 
bimodal length distribution, which is associated with a mono-modal weight distri-
bution (Fig. 6.2): The first mode means that “there’s a few runties” and the second 
mode suggests the presence of “a few really big fish” (turn 01). That is, without 
hesitation Erica matches the graphical representation and a state in the world, here 
the size (length) of her fish.

Fig. 6.2 As part of her database tracking the average sizes and weights of the coho salmon in her 
care, Erica plots the two distributions for each sampling episode
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6.4.1 Episode 4

01 Erica:  there’s, there’s a few runties down 
here (*) and there’s, there’s a few 
really big fish there. This (data sheet) 
is my last one.

02 WMR: which is much more um–
03 Erica: so this is yeah this is like 3 days ago
04 WMR: oh because here it’s (*) again it’s
05 Erica:  it’s looking nice isn’t it except for here 

(points to bottom histogram in Fig. 6.2) 
the lengths are all different and in the 
same breath I really don’t, well I don’t 
want all my fish to look the same. peo-
ple come in different shapes and, and 
forms so if they’re all the same then 
yeah I would be concerned see that–

06 WMR:  then your sampling is not that high 
that’s why you get, probably, you know 
you only have what a hundred fish?

07 Erica:  hundred fish, if I had a larger sample 
it would probably–

08 WMR: yea, more, be more even. 
09 Erica:  reflective, it would be a better reflec-

tion of the population.
10 WMR:  because this one here (points to same 

spot as previous offprint) looks more 
like a long tail rather than–

11 Erica:  um um so I’ve got a few really big fish 
so this tells me I’ve got oh there’s my 
weights but look it like I’ve got some, 
I’ve got some really short fat ones (*)

   and I’ve got some really skinny long, 
long ones as well (*)
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Erica then explains that the considerable distribution in fish length is something 
desirable and she would be concerned if there were no variation. Variation She wants 
to guarantee variation in the same way that it occurs in nature; she thereby exhibits an 
intuitive understanding that variation is necessary rather than an evil. She raises fish to 
live in the wild, able to return to the hatchery to spawn again, and thereby maintain a 
healthy population rather than producing fish for the market. In this latter case, having 
more consistent size would be a reasonable target, but it might not matter at all whether 
the fish come in various sizes.

In this episode, Erica also exhibits an understanding of the influence that sampling 
size has on the shape of the histogram. She knows that if she were to sample more fish, 
the distributions would better represent the population in the pond (turns 07, 09) – each 
of which holds about 350,000 coho salmon in the fry stage of the life cycle. The latter 
part of the episode provides evidence that Erica understands not only the relationship 
between the graph and what her fish actually look like along a simple dimension but 
also along two dimensions simultaneously. On the page, she has plotted weights and 
lengths in two histograms, and now makes a comparison across the two (turn 11). Here, 
the tail is longer in the length histogram than in the weight histogram, which means that 
there are longer fish at constant weight, and the higher peak or rather double peak with 
the first one below means that some fish are shorter and therefore have to be heavier.

My ethnographic research shows that Erica not only understands the histograms 
but also the graphs, formulas, ratios, and other mathematical representations. 
More so, she easily talks about some physical state for each of the representations 
she talked me through – as if she were talking about geographical maps while 
taking me through the corresponding terrain. Ultimately, therefore, Erica does not 
merely talk about and explain mathematical representations: her interpretive 
practices exhibit a deep understanding of the relationship that the representation 
has to the physical world of her hatchery generally, and the fish that she is raising 
to compete in the wild more specifically.

In the light of the earlier presented difficulties of university science students, 
graduates, and research scientists, the tremendous knowledgeability that Erica and 
her co-workers display raises many questions. An important question for me was 
how Erica could be so knowledgeable about the mathematical representations and 
the relationship between representation and the physical world. Here, my ethno-
graphic research provided at least part of an answer.

As I am following Erica around and sometimes filling in for her, I come to 
understand that she continuously oscillates between the two worlds – working with 
the fish and producing records (Fig. 6.3). While she is feeding, for example, she 
does not merely throw food into a pond but closely looks at fish behaviour, how 
they feed, how fast they swim, how vigorously they break the water surface, and so 
on (Fig. 6.3a). Over time, she has evolved an intuitive understanding about how all 
of these behaviours are mediated by weather and other factors – lower temperatures 
mean more sluggish fish and lower feeding rates. When she enters data into her 
computer (Fig. 6.3b), she then finds out that fish growth rates are small and some-
times, for example in the winter months, fall to zero. Erica understands that physi-
ology underlies all of this and, as a consequence, she has developed a much better 
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growth trajectory for the fish than the one that scientists have previously proposed. 
Her feeding schedule is better because, as a comparison of the scientists’ and her 
own graphs show, the fish of the former lost weight during the winter months, 
which means, they were starving. Erica’s fish never starve but, with few exceptions, 
always grow even if only a little during the coldest month of the year (January).

The constant back and forth between working with the fish and the computer-
ized database – including its many plotting capabilities – allows Erica to develop 
her tremendous knowledgeability. In fact, the mathematical competencies are not 
independent from the tremendous competencies related to the fish. For Erica, the 
mathematics does not exist independently of her hatchery work but is just another 
tool that she uses on a daily basis. That is, Erica’s mathematics is for the sake of 
getting the job done rather than about the hatchery world; it is part of her everyday 
world without her making “mathematics” thematic. In fact, asking her whether and 
what mathematics she uses, Erica might be stymied for a moment, because she 
does not at all think of herself as doing mathematics. She is a fish culturist, and 
she concretely practices fish culture. There are two different relations between 
mathematical representation and the world: in the former situation, the mathematical 
representations are primary artefacts whereas they function as secondary artefacts 
in the second situation. Primary artefacts are those directly used in everyday praxis; 
secondary artefacts are those employed in talk about praxis and therefore “in the 
preservation and transmission of the acquired skills or modes of action or praxis 
by which this production is carried out” (Wartofsky, 1979, p. 202). Erica’s 
mathematical knowledgeability is associated with their function as primary 
artefacts, whereas the scientists I asked about the graphs were facing these as 
secondary artefacts, as representations of modes of actions and objects that they 
were unfamiliar with.

The notion of primary artefact points us to actual use and the relationship between 
artefact and objects (fish, environment) as being one of constant association. Thus, 
pertaining to the histogram, I gathered a lot of evidence showing how Erica’s knowl-
edgeability is constantly arising in and through the concurrent handling of the fish 

Fig. 6.3 Erica constantly moves back and forth between working in the physical plant of the 
hatchery and her database. (a) While feeding the fish, Erica observes their every move, responses, 
and behavioural patterns. (b) While working with the database, Erica inquires and reflects upon 
mathematical patterns, including the graphs, histograms, tables, and summary statistics
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and the database. For example, during the monthly sampling episodes, Erica visually 
inspects each of the 100 fish she collects. In this, she does not just look from a dis-
tance, but holds each (anaesthetized) fish in her hand, turns it about, lays it onto a 
ruler to measure its length (Fig. 6.4), and then places it into a bowl of water on a 
tarred scale so that she can read off the weight. Both measures are then entered into 
the computer immediately to her right. She often greets particularly long and large 
fish with expressions of joy, and exhibits concern when fish are small, have eye or 
body abrasions, or appear affected in some other ways.

When all 100 fish have been measured, Erica immediately plots the results of the 
sampling episode, providing her with a graphical representation of the lengths and 
weights of the fish that she has just physically handled and inspected, which yields 
graphs such as those featured in Fig. 6.2. She has a good sense of the number of 
really long fish or really short fish she has handled and is aware of the distribution 
of weights. Now she sees the lengths and weights plotted, providing her with a dif-
ferent access to these measures than when she physically handles them. But the two 
different ways of accessing weight and length are so close in time and space that it 
allows her to develop a direct correlation. That is, her tremendous knowledgeability 
is the direct result of handwork; in fact, knowing graphs is a form of handwork.

Some (academic) readers may want to argue that Erica is a technician, and 
technicians, in contrast to scientists, are less capable and therefore only learn much 
of what they know on the job. It turns out that my ethnographic work among uni-
versity and public sector scientists yielded exactly the same results (e.g., Roth, 
2004, 2005a). Even in their own laboratories or fieldwork situations, scientists 
often learn to read graphs as part of their evolving understanding of the object they 
study. This knowledgeability with respect to graphs is inseparably tied to their 
familiarity not only with the object but also with the measuring instruments, the 
preparation and transformation that the object undergoes, and, of course, with their 
evolving understanding of scientific principles and theories governing the research 

Fig. 6.4 Erica’s tremendous understanding of the statistical distributions literally goes hand in 
hand with the handling of the fish. (a) Erica closely inspects each fish and then lays it on a ruler to 
measure its length. (b) She then places the fish in a bowl of water on a tarred scale to weigh it. Both 
measures are entered immediately into the database and plotted when the sampling is complete



6 The Gap Between University and the Workplace 149

object and measurement. Any representation that scientists produce and use has an 
indexical nature such that the context is required for specifying their sense but the 
representations also constitute the context. The upshot is that graphs and context 
comprise reflexively constituted relational configurations. My work amply shows 
that scientists learn to read graphs at work, through a protracted process of becom-
ing familiar with and correlating the various features of the research situation, 
rather than being able to read them the first time they see it. Here, too, knowledge-
ability appears to be related to extended embodied praxis rather than to an ability 
hardwired in the scientists’ brains. Before drawing some implications, I need to 
present a theoretical framework that accounts for these research results better than 
the information processing theories that underlie the general presuppositions about 
learning among science faculty.

6.5 Explaining Graphing: Toward a Cultural-Historical 
Activity Theoretic Perspective

In the beginning of this chapter, I note that graphs and graphing constitute some 
of the fundamental objects and actions of science. Furthermore, not only science 
students but also science teachers and scientists experience difficulties reading 
rather simple graphs that are part of entry-level university courses in ecology. Yet 
scientists and even technicians with relatively little or no postsecondary education 
are highly competent and demonstrate deep understanding when it comes to 
graphs related to their work. There therefore exists a gap between the kinds of 
knowledgeability that make people successful in formal learning environments 
(school, college, and university) and the kinds of knowledgeability required and 
exhibited in the workplace. Such results challenge the common epistemology 
underlying much of university teaching – information processing.

Information processing metaphors and analogies are frequent among professors. 
Expressions such as “In my lectures, I am trying to get across…” “This student 
didn’t get it…” and “Students regurgitate what they memorise but cannot apply 
concepts…” are common at the university. They depict knowledge as something that 
can be transferred (“gotten across”) from professor to students who do or do not “get 
it” and who can or cannot translate and therefore apply “it.” Process skills are 
thought of as hardwired or ability-dependent and context independent so that they 
can be applied irrespective of the particular context. Research results such as those 
I present here show that these information-processing analogies are inappropriate. 
Why would biology and physics professors experience difficulties interpreting really 
basic graphs presented in introductory textbooks of their own discipline? Why does 
their competence to read graphs increase with their familiarity concerning research 
object, tools, instrumentation, and concepts? Such results show that we need to think 
about knowing and learning, that is, about knowledgeability, in different ways. 
Research results such as that presented above already point us into a useful direction– 
knowledgeability is relative to the current activity.
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Cultural-historical activity theory has been developed to explain real, concrete, and 
observable human behaviour rather than ephemeral things and structures in people’s 
heads (Leont’ev, 1978). Here, activity denotes events or processes that are part of a 
societally defined division of labour – doing research to create scientific knowledge, 
studying to get a degree, or hatching salmon to mitigate over fishing. Each of these 
activities is not only directed toward different collective-need-related motives but also 
involves different tools, rules, and divisions of labour. Cultural-historical activity the-
ory takes activity systems as their fundamental unit of analysis so that participation, 
knowing, learning, and even identity are inherently mediated by the system as a whole 
(Roth et al., 2005). Thus, consistent with my research in the hatchery and the scientific 
laboratories interacting with it, knowledgeability pertaining to the same graph will be 
different when it is used or created for the purpose of generating scientific knowledge 
or for the purpose of successfully raising a brood of coho.

To understand this systemic approach to activity, let us look at an analogy: we 
cannot understand a sentence such as “the fish culturist monitors fish growth” by only 
considering any one of its elements, subject, verb, or object. The transitive verb 
monitoring takes its sense from the object and subject of the action, a person doing 
something on or to something. (The adjective “transitive” means that the verb denotes 
an action that passes from the subject [agent] to the intended object.) Conversely, the 
subject and object of the sentence not only presuppose the verb but also presuppose 
each other. A person is a fish culturist because he or she monitors fish growth, and 
fish growth is an object of actions in hatcheries. More so, to push this analogy, the 
available tools mediate actions such as monitoring. Thus, Erica monitors fish growth 
using a ruler and scale to measure their lengths and weights; and she uses a computer 
to monitor fish growth over time. The available ready-to-hand tools shape the action 
of monitoring. Thus, the graphs allow Erica to compare her own growth trajectories 
with those that scientists have proposed as ideal growth curves; if she did not have the 
graphs available, her monitoring action would look different.

Activities are general level events; they are realized by means of concrete, 
goal-directed actions. These two levels of processes stand in a dialectical relationship: 
actions both realize activities, thereby bringing them into existence, and presuppose 
them. As a result of this dialectic, the same action has a very different sense when it 
realizes a different activity. The sense of mathematical equations and the associated 
mathematical actions may substantially vary between scientists and engineers or 
technicians (Brown et al., 1989); and hatchery mathematics is very different from 
mathematicians’ or scientists’ mathematics (Roth, 2005b). Thus, the research scientists 
become highly competent at the kinds of graphs they use and need at work, but are 
much less competent in dealing with the graphs that are useful in the context of, and 
for doing well in, an entry-level university course. We can therefore understand why 
professors do significantly better than public sector scientists on the graphing tasks – 
professors lecture and teach seminars in which graphs of this type are standard objects 
and where interpreting this type of graph are standard actions.

My research in the fish hatchery shows that associated with motive of an activity are 
emotion and motivation, which in turn mediate mathematical actions such as modelling 
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(Roth, 2007a). Even ethics and ethical behaviour enter our considerations of knowl-
edgeability when we take a cultural-historic activity theoretic approach. Thus, when 
someone suggested to Erica during one sampling episode that she omit the measure-
ments of some very short and light fish, therefore creating a database that gives a better 
impression of the current status of the fish population, she became very upset (Roth, 
2007b). For Erica, ethics and care for the fish and the way in which they are 
mathematically represented in the database mediate her every action in this hatchery.

It is important to note that the activity systems do not determine but rather 
mediate actions; they offer resources to the human subjects who realize the pos-
sibilities of these resources in different ways. Although they work in the same 
hatchery, the practices of the five fulltime fish culturists differ, each individual 
realizing the available possibilities in different but equally legitimate ways. The 
subjects of and in the activity systems produce outcomes that are useful either in 
the same – the actions of the maintenance persons in the hatchery benefit the 
hatchery first – or in other activity systems – commercial, sports, and indigenous 
fishermen enjoy large salmon runs made possible by the hatchery activities.

The subjects in the activity systems not only produce outcomes but also produce 
and reproduce themselves. In each action members of the hatchery also provide 
evidence to whoever watches, including hatchery managers, research scientist, and 
ethnographer, of their knowledgeable practice. Erica is widely known as a highly 
competent fish culturist because of what she does with the fish and the database. 
More so, with each action she also develops her knowledgeability so that over time 
she becomes more knowledgeable and develops a deeper understanding between the 
shape of a histogram and the weight or size distribution of the fish that she handles 
and inspects. That is, each action not only produces outcomes and reproduces her as 
a competent person, but also makes her a more knowledgeable fish culturist.

6.6 Producing the Gap

Currently there is a gap between learning and knowing in formal education – e.g., 
university science and mathematics – and the workplace. More so, the results of my 
research program exemplified in the four episodes shows that knowledgeability is 
highly contextual. Knowledgeability is contextual to such an extent that even the 
interpretation of very simple graphs requires familiarity with the phenomena repre-
sented, data collection procedures, instrumentation, and so on. This has substantive 
implications. If knowledgeability is tied to the motive of activity, emotion, motiva-
tion, ethics, and identity, we need to raise questions: why do we make students 
attend lectures if knowledge and knowledgeability cannot be transferred to any 
meaningful activity outside the class context? Why do we make students attend 
lectures if knowledge cannot be transferred from the professor to the student? Why 
have students do laboratory exercises that have no motive other than to subject 
students to more hurdles toward a degree?
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My research results imply that rather than sitting in university lectures and doing 
fake laboratory exercises – the purpose of which is merely to create a rank order to 
be used in the distribution of more and less desirable places in graduate studies and 
jobs (Roth and McGinn, 1998) – students need to be involved in the real stuff, learn-
ing while doing what we are training them for. From an activity-theoretic perspec-
tive, by going to university students first of all become good at doing “going to 
university,” realizing the possibilities it embodies. Some even develop identities of 
successful students embodied in their grades, which they can trade in for subsequent 
career opportunities in graduate school or the job market. Some readers might turn 
around and charge me with extremism. You may ask, how can we teach otherwise? 
and explicate, students need to have a knowledge base before doing what we train 
them for. To this I would respond that I already provided an existence proof for the 
possibility of teaching science by involving students – in my case seventh-graders 
(age 11–12) – in forms of environmentalism that pre-exist as activity system in their 
community (Roth, 2002). These students, despite their tender age, designed research 
for the purpose of contributing to a community-wide database concerning the health 
of a watershed generally and one creek in particular. Their research results were later 
featured on a website, in the local newspaper, and during an open-house event in the 
community. In the process of doing their research, they became knowledgeable not 
only in science and mathematics but also other school subjects as well.

Problem-based learning and internships (e.g., in medicine and dentistry) are some 
of the alternative learning environments created in the attempt to bridge the gap 
between knowing at the university and knowing in the workplace (see Kolmos, Chap. 
12). While it is the case that these learning environments constitute improvements over 
lectures, they do not entirely mitigate some inherent distinguishing features that are of 
structural nature. Thus, an ongoing investigation in my research laboratory shows that 
even the highly practical and applied internship experiences of dentists only allow 
development of formal concepts and raw skill, failing to develop the knowledgeability 
needed for right action (Ardenghi et al., 2005). Whereas the dentistry students do work 
with real patients in real dental clinics, the existing division of labour (hierarchical 
professor/supervisor–student relationship) and the associated aspect of performing for 
assessment mitigate the development of ethical practices. As long as the really impor-
tant goal of doing “going to university” is the production of grades and certificates, 
very little will change because students will get good at producing high grades and 
getting certificates. Really knowing and understanding such things at graphing is 
neither required nor does it lead to an expansion of students’ power to act so that when 
it occurs it in fact constitutes a by-product.

In the earlier discussion, I suggest that emotion, motivation, and ethics are all 
implied and theorized when we take the perspective of cultural-historical activity theory. 
What Erica does and how well she does it is mediated by emotion, motivation, and 
concerns for the implications of her actions; conversely, her actions influence emotion, 
motivation, and concerns. She wants the fish to be healthy and do well, which motivates 
what she does and influences her short and long-term emotional valence. It mediates 
her desire to have the mathematical representation reflect the fish population rather than 
making her look better in the eyes of hatchery management. But receiving a lay-off 
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notice influenced her emotional valence to such an extent that she forgot to do what she 
had been doing under normal circumstances; her actions provided her co-workers with 
evidence that she was not being her normal self (attribution of identity, emotion) and 
that she was not doing her job as knowledgeably as she normally would. This linkage 
of emotion, motivation, and ethics in activity theory also provides us with an important 
inroad to understanding the frequently reported practice of “cheating.”

At the university, professors complain about students who “cheat” on exams or, 
more frequently, on course assignments completed at home. The theoretical perspec-
tive developed here allows us to understand. The motive of the activity system is not 
to know – everybody is aware of the knowledge gap between university and work-
place. One therefore goes to university to get a degree and one develops relevant 
knowledge in the workplace. Students do not consider harming themselves if they 
“cheat,” that is, if they make use of all available resources in the university culture to 
get assignments handed in. They simply realize one of the possibilities inherent in the 
system; assignments can be completed by copying the work of someone else. The 
universities (as institutions) and each individual professor are as much responsible for 
cheating as the students to whom they confer degrees and whom they teach.

Ultimately, then, the activity-theoretic approach allows us to understand that 
universities, by conferring diplomas and grades, contribute to producing and shaping 
a workforce. The types of knowledgeability required for being successful in the 
formal learning environment and workplace are generally different, leading to the 
observed and observable knowledge gap between “ivory tower” and the “real world.” 
The gap therefore is not simply out there; universities contribute to producing it. By 
being professors, we produce and reproduce universities in the way they are, and we 
thereby produce and reproduce the knowledge gap. Most importantly, our students 
do not contribute to society while at university; all their productions are produced so 
that they can be evaluated and converted into grades, which students accumulate in 
their grade point average. Their efforts correspond to energy lost – given that they 
could learn while contributing to science and society in useful ways.

6.7 Coda: So What? and Where to Next?

Some readers may think of my perspective as overly pessimistic and ask me questions 
such as: “so what?” and “Where do we go from here?” I neither have an answer 
nor a panacea. I do, however, have experiences and have conducted research that 
constitutes an alternative to the predominant way of doing “going to university.” 
It comes from a large experimental project in the training of science teachers, 
preparing to teach in the most difficult inner-city schools existing in the USA.

At the University of Pennsylvania, my colleague Ken Tobin and I created a program 
in which those with aspirations of becoming science teachers participate in teaching 
from the very moment they enter the program. But rather than letting them teach on 
their own, we create opportunities for them to teach at the elbow of one or more 
teachers, usually a more senior person, but sometimes also a peer (Roth and Tobin, 
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2002). During breaks, after school, and in the evening, they meet with other teacher 
aspirants and university personnel to discuss their experiences and learn about theo-
ries that might be useful in understanding the events of the day.

The program has been tremendously successful to a large extent because stu-
dents no longer experience a gap between university and workplace: they partici-
pate in both at the same time. More so, rather than being mere interns, they are 
recognized as legitimate contributors to the activity system as a whole. That is, they 
learn while contributing in a useful way to their school in particular and to society 
more generally. Rather than producing assignments for evaluation, they first and 
primarily contribute to the teaching of needy youths. Any evaluation only occurs in 
a second instance. More so, in and through their presence at the schools, they also 
contribute to the regeneration of the resident teachers, who, normally isolated to 
teach on their own, in the past have frequently left the schools as a consequence of 
stress and burn out. Their presence also leads to the developmental transformation 
of the teaching practices.

This example shows that it is possible to rethink university teaching in such a 
way that students become knowledgeable in ways that are useful and applicable 
after they have left their institution of formal learning. Whether this model is 
transferable or transposable into the undergraduate programs of the natural sci-
ences and mathematics remains to be tried and documented. An old saying states, 
“Where there is a will, there is a way.” From the perspective of cultural-historical 
activity theory, we (professors, secretaries, deans, presidents, students) are all a 
constitutive part of university education. We are not merely cultural dopes who, 
like cogwheels, do as they are told; the university only exists in and through our 
actions. When we change, the university changes; and changes in the university 
provide new resources for us to do what we do best. From my perspective, the 
main aspect to be changed in university education is its current inability to teach 
in ways that allows our students to develop useful practices. It is not useful for one 
person to say that we need to change, just as it is not useful for one professor to 
lecture how to interpret the population graph. All of us involved in university edu-
cation, including the students, have to work together to bring about the necessary 
changes that at least narrow the gap between the different forms of knowledgeabil-
ity. I strongly believe that in such a grassroots movement, we can transform uni-
versity science and mathematics teaching and decrease – if not eliminate altogether 
– the gap between knowing at the university (“ivory tower”) and knowing in the 
workplace (“real world”).
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In a recent study of the epistemologies of practising research mathematicians and 
how these related to and affected their disciplinary practices, I identified differences 
between the culture of mathematics, those aspects of mathematics which are recog-
nizably discipline-related (such as the particular attitudes towards beauty, rigour, 
succinctness, etc.) and the mathematical culture, the socio-political attitudes, values 
and behaviours that constitute how mathematicians, and their students, experience 
mathematics in the settings of conferences, classrooms, tutorials, etc. In this chap-
ter, I provide empirical justification for drawing this distinction and then explore 
the ways in which the culture of mathematics and the mathematical culture influ-
ence attitudes, behaviours and values within the discipline. Whereas aspects of the 
culture of mathematics have, historically, been defined as integral to mathematics 
and are seen as part of what students are expected to acquire in the process of 
becoming mathematicians, the mathematical culture is a product of stereotypes and 
biases that control who can enter the discipline and how they do so. However, it is 
not so easy to differentiate the two. I argue that it is the mathematical culture that 
creates barriers to entry by members of certain groups and facilitates others. 
Consequently, it is the mathematical culture that exercises power over how the 
culture of mathematics is understood. I conclude, therefore, that it is the mathemati-
cal culture that must be addressed if mathematics is to achieve widespread 
accessibility.

7.1 Setting the Scene

In 1997, I undertook a study (Burton, 2004a) with thirty-five women and thirty-five 
men in career positions as research mathematicians in universities in England, 
Scotland, Northern Ireland and the Republic of Ireland. The purpose of the study 
was to elicit their descriptions of how they come to know mathematics when they 
are researching. These descriptions I compared with an epistemological model 
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(Burton, 1995) that used the critical literature in the philosophy, history and sociology 
of scientific ideas (for example, Bloor, 1991; Davis and Hersh, 1983; Ernest, 1991; 
Harding, 1991; Lakatos, 1976; Lerman, 1994; Restivo et al., 1993; Rose, 1994; 
Skovsmose, 1994). Although authors such as those above have critiqued positivist 
science and mathematics, and they, as well as others such as Evelyn Fox Keller 
(1985) have specifically addressed the epistemology of science, there was surprisingly 
little to be found which critically assessed the epistemology of mathematics. I hoped, 
therefore, to be able to make a contribution to this field. In mathematics, discussion 
of the learner’s experience of mathematics rarely includes an epistemological cri-
tique. Indeed, it is a Western European perspective that “objective” knowledge of 
mathematics is independent of the knower and/or their culture but accessible 
through the power of clear reason (for a critique see Thayer-Bacon, 2000). One 
consequence of this is that learning is understood, mistakenly in my view, as a 
product only of pedagogical transmission.

The model I generated has five categories: person and cultural-social relatedness; 
aesthetics; intuition and insight; styles of thinking; and connectivities. I wished to 
see if these categories, taken together, provided a comprehensive picture, a model, 
of how these research mathematicians understood the epistemological practices 
through which they came to know mathematics. In exploring the categories, I was 
also interested in establishing in what ways they functioned for the mathematicians. 
For example, the category of “styles of thinking” was derived from a literature that 
identified two such, visual and analytic thinking. Were these all there were and 
would research mathematicians move freely between the two?

I was interested in how research mathematicians spoke about coming to know, 
in part to see how well the model, as an epistemological framework, described the 
processes of their coming to know research mathematics. But, because I believe 
that coming to know is learning, I was also concerned with exploring the wider 
relevance of the model to mathematics learning by less “sophisticated” learners. 
Would I find evidence to support Ernest (1998) that the learning of mathematics by 
mathematicians has both similarities with and differences from that of less sophis-
ticated learners, and in what ways?

It must be emphasized that the focus of this study was not mathematics as a 
discipline. That is, I was not concentrating on the acquisition of knowledge objects 
that constitute the content of the subject and are to be found on the curricula of 
schools and universities. I wanted to know how those inside mathematics learn 
something new to them, that is the changing state of their knowing of mathematics. 
For me, this is the difference between epistemology as a theory of knowledge, and 
epistemology as a framework (a model) for explaining knowing.

The study was based upon data collected both by tape-recording and taking 
detailed notes of 64 face-to-face, and 6 telephone interviews, which averaged an 
hour and a half in length. Since I was interested in interviewing equal numbers of 
females and males, I first approached female mathematicians. When they expressed 
a willingness to join the study, I asked them to find a male “pair” preferably in their 
own institution. I did not dictate what constituted a “pair” but asked that they would 
indicate to me what governed their choice. In no case did this appear to present a 
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problem to the research. The majority chose someone at a similar level of the hier-
archy to themselves and/or in the same mathematical speciality. Three were marital 
pairs. Table 7.1 shows the distribution of the participants, by status and sex:

I interviewed in 22 universities in England, Scotland and Ireland, North and 
South. Prior to the interview, participants were provided with a one-page outline of 
the topics of interest. These related to their “history”, their current research prac-
tices, and to how they came to know mathematics through solving research prob-
lems. They were offered the option, which none took, of deleting anything they did 
not wish to discuss. Notes of the interview were returned to them so that they could 
agree their contents, amend, change or delete. They were guaranteed anonymity. 
The data were entered into Nud.ist, a qualitative analytical computer-based tool and 
quantitative data were collected, computed and tabulated on Excel.

The interviews were discursive in style and the participants were free to introduce 
and explore issues of their choice. Although the subjects of the interviews were 
not teaching and learning, in the course of describing their experiences partici-
pants inevitably talked of themselves as learners and teachers. In this chapter, I 
am entirely concerned with a distinction that became apparent to me from the 
data, between how the mathematicians spoke of the culture of mathematics and 
how they spoke of the mathematical culture. By the culture of mathematics, I 
mean those aspects of mathematics that are recognizably discipline-related (such 
as the particular attitudes towards beauty, rigour, structure, etc.). Learning the 
importance of these aspects of the culture of mathematics is part of induction into 
the mathematics community of practice (Wenger, 1998) and therefore seen as a 
necessary part of learning mathematics even though strictly cultural. For example, 
beauty and rigour are two such highly valued aspects yet the mathematicians 
made clear that not only are they mal-defined but they are also contested. In part, 
they depend upon the area of the discipline in which the mathematician is work-
ing. So, it cannot be asserted that aspects of the culture of mathematics are intrin-
sic to the distcipline. But acquiring that culture, entering that community of 
practice, is a necessary part of learning to be a mathematician. The mathematical 
culture, on the other hand, is constituted through the socio-political attitudes, 
values and behaviours that dictate how mathematicians, and their students, expe-
rience mathematics in the settings of conferences, classrooms, tutorials, etc. So 
the mathematical culture is the environment in which the mathematics is encoun-
tered and learned and inevitably influences the culture of mathematics. I use data 
from the study to justify this distinction and to explore how the culture of math-
ematics and the mathematical culture operate to shape and influence the values, 
attitudes and beliefs of mathematics learners.

Table 7.1 Distribution of participants in the study

Post-doc Lecturer Senior lecturer Reader Professor
Senior research 
officer

Research 
fellow

Females 1 19 7 3 3 1 1
Males 1 17 9 2 6
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7.2 The Model and Its Relationship to the Cultural Distinction

The epistemological model at the focus of the study proved to be remarkably robust. 
The mathematicians spoke freely of its five interacting categories as they described 
how they came to know mathematics. Of the five categories, their beliefs about the 
personal and cultural/social-relatedness of mathematics not only spanned the conven-
tional distinction between discovery/invention but, to my surprise, almost 10% of the 
mathematicians maintained that the discipline is a cultural artefact (Burton, 2004a, 
particularly Chap. 2; 1998, p. xi). Like Reuben Hersh (1998) they believed that math-
ematics must be understood as a human activity, a social phenomenon, part of human 
culture, historically evolved, and intelligible only in a social context. This belief has 
not, unfortunately, permeated the culture of mathematics where the somewhat unpro-
ductive debate between discovery and invention continues, as do beliefs in the objec-
tivity, homogeneity and impersonality of mathematics. However, as researching 
mathematicians, whichever stance they took on the nature of mathematics as a prod-
uct, they embraced heterogeneity in their research practices. So, while describing 
researching mathematics in culturally rich and heterogeneous terms, the mathemati-
cians also positioned themselves within a cultural story about the discipline itself, 
which promoted the kinds of approaches within the mathematical culture that 
confirmed exclusivity, hierarchy and competition.

The discussion around aesthetics and intuition underlined the heterogeneity of 
approach of the mathematicians. While many of them subscribed to the importance 
of both aesthetics (61%) and intuition (83%), there were those who asserted either 
that there was no such thing, or that it was unimportant. There were others who 
adopted the diametrically opposite position of saying that it was the only thing 
about mathematics that was important! Efraim Fischbein, the only mathematics 
educator to make a major study of the role of intuition in mathematics education, 
similarly drew attention to this contradiction amongst mathematicians:

According to Poincaré, no genuine creative activity is possible in science and in mathemat-
ics without intuition, while for Hahn (1956) intuition is mainly a source of misconceptions 
and should be eliminated from a serious scientific endeavour (Fischbein, 1987, p. 4).

Here are some examples from the interview data, first statements with respect to 
aesthetics and then to intuition1:

There is the beauty of results if they are surprising or simple but give you an awful lot of 
information and turn out to be a key piece of the jigsaw.
Beauty lifts it from how to why.
Beauty doesn’t matter. I have never seen a beautiful mathematical paper in my life.
I don’t think you would ever start anything without intuition.
I don’t think intuition plays a part.
Intuition is not a word I would use.

1 All quotes are taken directly from the data.



7 The Culture of Mathematics and the Mathematical Culture 161

As can be seen, personal interpretation was very important in influencing how the 
mathematicians talked about aesthetics and intuition, as was whether they were 
pure or applied mathematicians or statisticians. But other factors, that I came to 
recognize as emanating from the mathematical culture, also played a part. For 
example, the put-down in the next quote, was not unusual:

Beauty is in the eye of the beholder. What is beautiful is something that is simple and clear 
[…] Sadly, for some pure mathematicians, beauty is to put things in a symbolic language 
that only they understand.

These kinds of inter-community competitive statements reflect aspects of the math-
ematical culture that disrupt productive community relations. However, I also 
uncovered a resistance to using the word “intuition” to label something that some 
of them recognized but preferred to call either “insight” or “instinct”. This resist-
ance constituted, I believe, a reaction to the social stereotype female/intuitive, male/
cognitive that perceived the word “intuition” as inappropriate to mathematics, 
which is valued as supremely cognitive, ergo male. Such gender-influenced posi-
tions are imported into the mathematical culture and help to explain the sense of 
isolation and “stranger-ness” reported by the female mathematicians (see below 
and Burton, 2004a, Chap. 9).

Until this work was done, only two mathematical thinking styles were recorded 
in the literature, the spatial and the analytic. I found a third, the classificatory. I also 
found a surprisingly high proportion (roughly 36%) of the mathematicians who 
used only one of the three exclusively. While this does not directly influence either 
the culture of mathematics, or the mathematical culture, it does have implications 
for the mathematical culture as it appeared, from the ways in which the mathemati-
cians spoke, that those who could not think spatially saw themselves as slightly 
deficient. In other words, yet another hierarchy was at play.

The only category from the model on which all the mathematicians agreed, 
without exception, was on the importance of connectivities; this was whether they 
were inwardly-oriented within the different fields and methods of mathematics 
itself, or outwardly-oriented between mathematics and other disciplinary areas 
through real-world problems or multi-disciplinary activities. Although many of the 
mathematicians were extremely territorial about their discipline area and, as I have 
said, occasionally sarcastic about others, they all agreed that, “making connections 
is what you are trying to do” or expressed their interest “in connecting up areas”. 
Whether important to them, personally, or not, they asserted that “ideas from one 
area often do have relevance to another area”. The sadness about this agreement, 
for less sophisticated learners, is that mathematics is more frequently encountered 
as a disconnected and fragmentary set of facts and skills, rather than as the coherent 
whole that underlay how the mathematicians spoke. Additionally, the heterogeneity 
that became so apparent amongst the mathematicians is rarely recognized in the 
practices in either school or university teaching.

So, aspects of my epistemological model, particularly aesthetics, and intuition, 
contributed to the construction and maintenance of the mathematical culture, and 
other aspects, thinking styles and connectivities, had relevance to the ways in which 
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the mathematical culture is performed. Although beliefs about the nature of the 
discipline, which I categorized as personal- and cultural/social-relatedness of math-
ematics, are particular to the individual, they help to define and/or reinforce the 
culture of mathematics and they do not arise without influence and experience, both 
performed within the mathematical culture.

7.3 The Mathematical Culture

The mathematicians, particularly the women but also some of the men, were very 
unhappy about attitudes, behaviours and values that I am calling, together, the math-
ematical culture. In particular, they drew attention to three: hierarchy, competition and 
isolation. In their discourse they demonstrated discomfort with many of the ways in 
which these three descriptors constrained and influenced their participation in the com-
munity. Etienne Wenger (1998, p. 4) describes knowing as “participating in the pursuit 
of [valued] enterprises”, so any cultural constructions that inhibit or influence such 
participation must have implications for the well being of those community members 
so influenced. Indeed, we know from research done with postgraduate students 
(Herzig, 2002, 2004), that many abandon or express disaffection for their postgraduate 
studies for precisely these reasons. But even those who do not, still express their 
discomfort with the kinds of attitudes, behaviours and values being discussed here.

7.3.1 Hierarchy

Hierarchies are common in academe, often role-legitimated (in the UK, these roles are 
doctoral student, post-doc., research associate, lecturer, senior lecturer, reader, profes-
sor). But mathematicians appear to be skilled at developing many other hierarchies:

The biggest hierarchy is the one that mathematicians are always putting themselves in. 
People rank each other.

A female mentioned this ranking with respect to a distinction drawn between “real” 
and others:

I consider myself a mathematician because I lecture and research in mathematics and I 
suppose that by definition makes me a mathematician. But I have met people whom I 
consider to be ‘real’ mathematicians and I am not one of those people.

And Margaret Murray (2001) found much the same in her study of female 
mathematicians:

She is careful to distinguish her work from ‘real research’ […], which is the work of ‘top 
mathematicians’ such as ‘Gauss and Archimedes and Newton’, who reside ‘somewhere 
near heaven’. (2001, p. 214)

However, even a senior mathematician with an established international reputation 
managed a similar differentiation:
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There is a level above the standard level at which we work. The top mathematicians can 
transcend these different fields and know enough. Often the dramatically new things are 
accepted at that level and then the smaller communities have to adapt themselves and, for 
example, learn the new language. Recently in complex dynamical systems very original 
ideas from probability theory have come in and have been accepted now by the world’s top 
mathematicians and the complex dynamicists have to get on with it and accept it.

However, it was not only the labelling of people into hierarchies that was noticeable 
in the interviews. The mathematicians were also quick to invoke a hierarchy of 
judgment when speaking of the quality of published work. Work of quality was 
“significant”; work could also be “important” or “interesting”.

Interesting is a polite way of saying it hasn’t done very much. Significant means that it has 
made a major contribution whereas important indicates a contribution.

The kiss of death was to declare something “trivial”:

Trivial –they aren’t really saying anything different; it is a re-hash that might have been 
said before, and possibly better.

Apprenticeship, as a model for learning, is not discussed from a gender perspective 
despite the fact that many studies point to the gender implications of its use 
(Etzkowitz et al., 1992; Herzig, 2002). One particularly poignant way in which 
apprenticeship operates is to institutionalize hierarchies, ensuring that the learners 
are at the bottom of the hierarchy. Elena Nardi and Susan Steward identified some 
effects of this in schools:

The hierarchy inherent in the above outlined elitist situation alters the nature of the class-
room experience from one that focuses on catering for the individual learner’s needs to one 
that focuses on establishing and assessing each learner’s position in this hierarchy. The 
students express their alienation from this depersonalized, deterministic mathematical 
experience. (2003, p. 359)

So, the making of hierarchies is part of the mathematical culture. From school into 
university and then into the community of practice of mathematicians, one learns of 
the importance of hierarchies, not only within the actual discipline, but within the 
practices as well. But as an aspiring mathematician, one rapidly comes to appreciate 
the sacrosanct nature of the hierarchy and one’s position within it. Establishing such 
hierarchies, invokes competitive practices since moving up and down the hierarchy is 
subject to the judgments of your peers and those in positions of power.

7.3.2 Competition

Pat Rogers pointed out: “lack of competition is not usually associated with the 
mathematics classroom” (1995, p. 184). A female mathematician said: “The com-
petitiveness of mathematics is institutionalized from the beginning. So people are 
made to feel stupid if they don’t achieve in mathematics”. A male mathematician 
reflected: “There can be tremendously savage competition in our field and that is 
not something I feel particularly comfortable with”. Thinking back to her undergraduate 
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studies, a female said: “The thing I hated about doing mathematics was that the 
boys were so competitive”. It is the institutionalization of this competition that has 
been observed as starting in school classrooms and continuing throughout under-
graduate and postgraduate studies into the practices of the community of 
mathematicians.

I am labelling such competition as constituting part of the mathematical culture. 
It can be found in practices at both school and university level. Competitive practices 
emanate from many different assumptions but are implicitly part of institutionalized 
hierarchies. Pointing to a dominant view of mathematics as cognitively difficult, 
held by those within the discipline, Jo Boaler and Jim Greeno challenged the effects 
of this stance as “unusually narrow and ritualistic […producing] environments in 
which students must surrender agency and thought in order to follow predetermined 
routines” (2000, p. 171). The result, observed in their research, was that “by empha-
sizing drill and practice of procedures, they [mathematicians] create a rite of passage 
that is attractive only for received knowers” (p. 190). Not only does this exclude the 
very type of learner who might be able to benefit from learning mathematics and, 
possibly, contribute to the development of the discipline, a learner interested in gen-
erating questions, ideas, and pursuing challenges, it also establishes a climate of 
discrimination and consequent competition. Furthermore, as Candia Morgan has 
shown, because assessment is also a social practice, it should be understood as “a 
process by which a student may gain or be denied access to particular forms of privi-
lege or power” (2000, p. 231). Discriminatory outcomes of school assessment have 
been well charted by Barry Cooper and Máiréad Dunne (2000).

As a teacher, once one has adopted an assumption about some students having 
“ability”, the next step is to classify those in the class into a hierarchy which is helped 
by a cultural assumption that mathematicians are “born not made”. This was certainly 
not substantiated by the mathematicians in my study and was refuted by Margaret 
Murray (2001) who referred to “the myth of the mathematical life course” (p. 16). Of 
the 70 mathematicians in the study, only 18 (approximately 26%) spoke of early influ-
ences, 26 (approximately 37%) chose mathematics during their secondary school 
years and for 5 (approximately 7%), their choice was only confirmed at university. One 
said: “I certainly cannot say that I ever set out to be a mathematician. It was more a 
drifting into mathematics”. Nonetheless, mathematics students at one of the UK’s most 
prestigious universities commented in a study on the ways in which “the mathmo” was 
identified and nurtured compared with “the also-rans”. One student said:

I think the way in which [this university] carefully selects the best candidates for each 
subject and then fails to fully exploit them is bordering on the criminal […] all staff should 
be reminded that the aim of higher education is to make students able to use their subject.

Quoted in Burton, 2004a, p. 175.

I continued by noting that:

54% of the females and 25% of the males in that study responded to the question of what 
they would be doing next, now they had graduated, by saying something along the lines of 
“I intend to have nothing further to do with mathematics. I have found my experience here 
very demoralizing.”

Burton, 2004a, pp. 175–176
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This, of course, was not the perspective of a “mathmo”, one of whom (a male) 
identified “the opportunity to discourse with like-minded and intelligent people 
(both students and dons)” as the best thing about being at this particular prestigious 
university and said: “I intend doing part III, followed by a [university specified] 
Ph.D., in some area of applied maths to be determined”. I would conjecture that his 
socialization into the mathematical culture had been extremely successfully achieved 
but at great cost to those not so nurtured and with little evidence that such identifi-
cation can be achieved without invoking stereotypes.

My research data show that competition features within the community, even 
though many mathematicians express dislike of it. Research of mine (for example, 
Burton, 2004b), and that of others, has also recorded the dislike of competition 
expressed by school students. There can be little doubt that competition flourishes 
inside mathematics and that its effects are not welcome to many. One of these 
effects is to isolate, particularly women, so that they feel alienated from the disci-
pline and from the mathematics community of which, as mathematicians, they are 
entitled to be a member.

7.3.3 Isolation

Many female mathematicians spoke about the sense of isolation that they experienced 
within the world of mathematics. Sometimes this was because fewer women study 
the discipline. This was the case for a female mathematician who said:

One thing I have learnt from my own experience of undergraduate and postgraduate work 
was the isolating experience of being the only one.

But this kind of personal isolation was not the only kind to which they referred. One 
female mathematician explained her movement into statistics because:

A statistical problem is never as isolated, it has all sorts of things impinging on it; it is 
always in a context. Whilst mathematics cannot be given a context, it can be very 
isolated.

A graduating female student who had decided to leave the discipline explained: 
“This is partly why I’m leaving – I love the maths but hate the isolating way of 
learning”. And a number of mathematicians cited collaborative work as being a 
good way to overcome isolation.

If you are collaborating with mathematicians, you feel much less isolated. Because mathematics 
is an isolating experience, you often feel burnt out, dried up, you have no skills and everyone 
else does. When you start working with someone else, you discover that there are things that 
you can do, perhaps better than they can, and things that they can do that you can’t.

This is, of course, one of the reasons for collaborative group work given by those 
mathematics educators who advocate it in mathematics classrooms. But in the above 
quotation, I would like to draw attention to the intensity of the feelings (burnt out, 
dried up, no skills) expressed by this female mathematician and the degree to which 
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they coincide with descriptions to be found in the literature from research with 
school pupils as well as with university staff and students. In one of my own studies 
with 16–18 year old pupils specializing in Advanced Level mathematics, I noted:

The students wanted their teachers to facilitate discussion, teamwork, a light-hearted 
approach, a relaxed classroom environment where you are not afraid of making errors. 
They told anecdotes to support the fact that they did not want to be put down, persistently 
asked the same questions, made to look a fool or feel patronized, be put into a position 
where others laugh at you, be thrown ‘in at the deep end’. (Burton, 2001, p. 67)

These are among the features of the mathematical culture to which I have been 
drawing attention. But I would dispute that they are an inevitable part of the math-
ematical culture. They are constructs that have come about for particular socio-
cultural reasons and should be changed because they no longer match or contribute 
anything positive to the conditions of practice of mathematics. On the contrary, they 
create an environment which is only conducive to some and yet which is repro-
duced year by year as past students carry the practices with them out into the world 
of work, for example teaching in schools. While students at every level persistently 
call for collaboration, a discursive environment in the classroom, freedom to make 
errors without criticism or loss of respect, they equally persistently report experi-
encing competition, being laughed at or made to feel a fool, being put down or 
feeling isolated. These features of the mathematical culture are both widespread 
and destructive. I believe that they help to explain the loss of interest in mathemat-
ics as a discipline of study in the university and the composition of the student 
community who enter mathematics, predominantly male and of the dominant cul-
ture. Not only do such negative behaviours affect those who experience them, 
however, but they also impact upon the discipline itself. I now discuss the culture 
of mathematics, as perceived by mathematicians.

7.4 The Culture of Mathematics

In searching the database for the ways in which the mathematicians used signifiers of 
the culture of mathematics, I found the following: structure (56% of the mathemati-
cians discussed this feature of mathematics), rigour (41%), beauty (37%), pattern 
(31%). Other aspects that were raised were power (19%), simplicity (12%), symme-
try (10%) and conciseness (6%). Beauty was a component of the epistemological 
model and, as such, was discussed above. The latter four were each introduced by 
fewer than 20% of the mathematicians in the study, so I am not regarding them as 
major to this discussion of the culture of mathematics; I focus on structure, rigour and 
pattern. Of course it is important to recognize that these terms are not necessarily used 
in identical ways and I certainly found differences between pure and applied mathe-
maticians in their approach, for example, to rigour. However, for the purpose of the 
argument that I am making here, that is that the mathematical culture frequently dic-
tates the ways in which the culture of mathematics is described and used, I think it is 
sufficient to demonstrate with structure, rigour and pattern. Both “structure” and “pat-
tern” were discussed in language that was free of judgmental, hierarchical or competitive 
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statements but that can, nonetheless, be traced back to the mathematical culture. 
“Rigour” is heavily imbued with judgmental statements.

7.4.1 Structure

The participants in the study appeared to agree on the centrality of structure to 
mathematics. That is, from what was said, structure was a way of understanding 
what makes something mathematical. Structure, therefore, can be said to constitute 
part of the culture of mathematics and is a part which is apparently unaffected by 
the mathematical culture. None of the statements that were made about structure 
were contentious in the ways already described with respect to “intuition” and 
“aesthetics”. The descriptions that the mathematicians offered, therefore, appeared 
to be located in the culture of mathematics without the influence of the mathemati-
cal culture. They could be used to provide an entry, for learners, into the meaning 
and function of structure. Here are four:

You can take a variety of apparently different problems and abstract out the features that 
are the same, common across them, rather than the features which differentiate them, so 
that you can see that, in general, there is a structure which can usefully be seen to apply in 
different contexts.

 I also might have a structural view, putting things in relation to one another, so that I can 
think of these things in relation to one another, this definition, these properties. So the 
answers must be able to be put into a bigger global structure.

 I would like to be able to say that certain things are true because these structures are 
underlying them. It is not just an application, it is also an explanation.

  Mathematics is, for me, understanding structures, how to solve problems that have been 
modelled mathematically.

Despite being contentious-free, it is important to recognize that such uniformity of 
approach to structure is deeply rooted in the practices of the mathematical com-
munity. It is not surprising therefore, that the mathematicians agree about structure 
since such agreement is part of the pattern of their membership in the mathematics 
community of practice. “In perceiving themselves as mathematicians, they use a 
similar set of symbols to give meaning to their experiences” (Meaney, 2005, p. 
115). Nonetheless, when the mathematicians came to discuss “rigour” within the 
culture of mathematics, their descriptions were more transparently connected to the 
mathematical culture.

7.4.2 Rigour

Philip Davis and Reuben Hersh described the Ideal Mathematician pointing to “the 
discrepancy between the actual work and activity of the mathematician and his own 
perception of his work and activity” (1983, p. 34). They continued: “He rests his 
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faith on rigorous proof …Yet he is able to give no coherent explanation of what is 
meant by rigor, or what is required to make a proof rigorous” (p. 34). Of course I 
found similar discrepancies in the discourse of the mathematicians that I inter-
viewed, and have written about them elsewhere (Burton, 1999, 2004a, 2005). Here 
I draw attention to the linguistic formulations used by the mathematicians about 
‘rigour’ and their implications.

Of course some proofs are not rigorous because the writers don’t have the necessary exper-
tise but, more interesting, sometimes we just don’t have the mathematical structures needed 
to turn the heuristic arguments into rigorous proof.

This mathematician is demonstrating not only that the colleague about whose work 
they write is deficient, but that they themselves are not. In other words, power play 
through the making of judgments, which was shown above, is at work in this quota-
tion. Another mathematician was also judgmental about the person when speaking 
of “rigour”:

I am a little ambivalent towards rigour in that it is certainly necessary to attend to the qual-
ity of maths but people tend to concentrate on rigour at the expense of explanation.

Two mathematicians understood the social nature of “rigour” but one, again, 
focussed on the person:

There is a social thing, a very clear idea of what a correct proof is and that is rigour as I 
understand it. Something isn’t part of mathematics until proved that way.

 Rigour is the ability to re-construct the argument. But of course with different people, 
different amounts of detail are adequate.

Traces of the jockeying for position between pure and applied mathematicians and 
their consequent positioning also showed themselves:

That is what rigour is – the ability to convince someone else of truth. I am demanding that 
a paper convinces me that it is true.

 But I have never experienced writing mathematics using a rigorous approach. I have 
used mathematics but always in the context of physics where the emphasis was not put on 
the minutiae of rigour but on demonstrating that the maths was right as far as possible, it 
made sense – the application was very important.

Finally, one mathematician gave a form of definition but one that is so indetermi-
nate as not to be very helpful in elucidating “rigour”:

Rigour is avoiding hand-waving, proving every argument in detail; “it’s obvious” – that is 
not acceptable […] Rigour is adding understanding because of the detail of the proof and 
also when you prove something non-rigorously you have the impression that you have 
proved it but you haven’t really.

Not only can it be seen that the mathematicians could not give a clear statement of 
what constitutes “rigour” but their discourse displayed other features of the math-
ematical culture that are unacceptable, the implicit use of power, the making of 
judgments on the basis of personal preference, and the institutionalizing of 
hierarchies.
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7.4.3 Pattern

Although pattern searching was agreed to be a central activity by the mathematicians, 
to find a pattern provides a warrant for proof and proof is cultural. As Imre Lakatos 
put it:

…informal, quasi-empirical, mathematics does not grow through a monotonous increase of 
the number of indubitably established theorems but through the incessant improvement of 
guesses by speculation and criticism. (1976, p. 5)

Or, in the words of David Bloor:

At any given time mathematics proceeds by, and is grounded in, what its practitioners take 
for granted. There are no foundations other than social ones. (1991, p. 153)

One mathematician explained the process:

One is finding what the pattern is, why things are happening. By the time you have under-
stood that, it is simply a case of translating the picture into words and symbols. The final 
written proof is a lot harder to understand than the proof that I originally had which let me 
know that it worked which was essentially the picture.

Lying behind these words is the gap between what is described pejoratively in the 
discipline as “proof by demonstration” and a formal, abstract proof. This gap is 
frequently the butt of comments by pure mathematicians for whom the formal proof 
is de rigueur. The mathematician above is alluding to the gap as well as to the 
behaviours that often accompany its identification. Of course “simply a case” is not 
simple at all and many of the mathematicians made reference to the difficulties that 
present themselves when this “translation” is being attempted. So while pattern 
searching is accepted in the discipline as a natural, and an important mathematical 
activity, it has cultural repercussions, which are influenced by those aspects of the 
mathematical culture, which I discussed above.

7.5 Relationship with Epistemology and Consequent Pedagogy

It has been the argument in this chapter that cultural influences have created and 
continue to maintain the mathematical culture which is inhabited by mathemati-
cians and, consequently, by the students that they teach. Further, this mathematical 
culture is not benign. On the contrary, it has elements, which cause intense discom-
fort both to students and to staff and, in some cases, contribute to individuals aban-
doning the discipline. That such elements are neither necessary nor acceptable is 
clear. But they will not be changed without a very serious consideration of how 
mathematics is experienced in schools and universities. As is so often the case, 
those in positions of power, and consequent influence, need to acknowledge and 
reflect upon the negative effects of the mathematical culture on the discipline itself, 
that is, on the culture of mathematics, as well as on how learners experience the 
discipline; then we need, actively, to set out to make changes.
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However, it is not all negative. A most important finding of my study was that 
how the mathematicians, themselves, came to learn in the course of their research 
had very close links to the pedagogical style, which has, for quite some time, been 
recommended by mathematics educators. Mathematicians themselves, in their 
research practices, were engaged in personal and socio-cultural activities that 
acknowledged the interplay of emotion and cognition, depended upon a discourse 
community, valued heterogeneity, and reflected upon the complex ways in which 
mathematics inter-connects, both internally and externally. (See Roth’s definition 
of knowledge, Chap. 6). Far from the stereotypic image that portrays the mathema-
tician as a loner, working in isolation, the mathematicians I interviewed were work-
ing collaboratively, were agents of their own learning and were engaged in the 
messy process of authoring their work through the complicated passage from early 
thoughts to ultimate acceptance by the community of peers. It is precisely this proc-
ess for which students call when they are critical of the transmissive, “banking” 
concept of education (Freire, 1971), that they most frequently encounter in class-
rooms. For example, a number of students, in the study to which I have already 
referred, remarked upon poor experiences of teaching:

The lectures are in my opinion very bad and are generally an exercise in dictation.

I would remove/penalize bad lecturers. Currently it seems to be that all faculty members 
must lecture irrespective of how bad they are.

Techniques of algebra/DEs are being taught with no context for why these are there or what 
the fundamental mathematical/physical objects are like.

There are different thinking styles but unfortunately if you cannot understand that of the 
lecturer then they generally will not give an alternative perspective; if the supervisor does 
likewise then you have absolutely no hope with that course.

My impression is that the average person in the average lecture is totally lost within ten 
minutes of it starting and spends much of the rest of it copying down the symbols with no 
idea of what they mean. Arguably we’d lose little if we were given a book of notes in 
advance, and […] I’d much prefer to be given such a book and then for the lecture time to 
be spent getting the meaning, not the technical manipulations, across.

A female student had been convinced of a sex difference in approach, which left 
her blaming herself rather than the style of teaching and the epistemological view 
of the subject matter:

I think the way Maths is taught is for the way males think – they give you facts and you go 
away, chew on it and come up with the missing bits and the solution. Female minds do not 
work like that. If I’m presented with the bare outline of something and it is not explained 
well, there is no way I can fill it out, and more time will make no difference.

The sadness is that the open, questing, negotiated enquiry style that the mathematicians 
use when collaborating on their research represents the opposite of the closed, tired, 
dry ways in which they teach. Their embrace of heterogeneity in styles, approaches 
and methods was in stark contrast to their teaching of one “right” way, a single 
route and a closed answer. From many research studies done in schools, we know 
that the enquiry style is one which is successful and motivating with learners (for 
example, Alrø and Skovsmose, 2002; Boaler, 2002). But, unfortunately, it has 
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failed to permeate into many university settings (although Aalborg and Roskilde 
University in Denmark are outstanding counter-examples. See Kolmos’, Chap. 12). 
Again, part of the explanation for this is the heavy influence of the mathematical 
culture together with the widespread attitude that, in universities, teaching is not 
important. It is a major irony that, while the mathematicians learn in an enquiry 
style, they revert to traditional teaching practices with their students. By this means, 
they carry with them into their classrooms some of the worst features of the math-
ematical culture, in particular the reification of hierarchies in learning, competitive 
practices and isolation.

7.6 Drawing Conclusions

While the mathematicians that I interviewed spoke very positively of the excitement, 
satisfaction and, indeed, euphoria that they experienced from their engagement 
with mathematics, as has been seen from the discussion above, this was often 
associated with some very negative feelings. And we know that students reflect 
these negative feelings to such a degree that many who could study mathematics, 
are failing to choose it or, like some of the students I interviewed, having chosen 
it, then reject it. Whether we are concerned about the loss of these potential math-
ematics students, or of the mathematicians they might have become, or we are 
more simply concerned that the social experience and reputation of mathematics 
is of a discipline which is inaccessible, unattractive and difficult, much negativity 
can be explained, I believe, by focussing, as I have done, on the mathematical 
culture. It is to the mathematical culture that I think we should turn when trying 
to explain and change rejection of the discipline and failure to succeed at it. I 
cannot feel at ease within a discipline that is described in terms of the misapplica-
tion of power through the maintenance of hierarchies, competitive practices and 
isolation of those who do not appear to match some mythical prescription of a 
mathematician. Nor do I feel at ease with the unthinking acceptance of those 
aspects of the culture of mathematics that have themselves been affected by the 
mathematical culture.

The evidence of heterogeneity was, for me, one of the most positive features to 
emerge from the research. Building in acceptance, even celebration, of heterogene-
ity would not only change the experiences of those within the discipline, student, 
researcher and mathematician, but would open the discipline itself to the promotion 
of variation and to ways of encouraging learning that valued differences and sought 
the means to compare and contrast them. These are the means that many of the 
mathematicians I interviewed are pursuing in their research practices but, unfortu-
nately, are not to be found in classrooms. The next major question is how to shift 
an acceptance of these research practices into the classroom so that learners can 
feel, behave and be accepted as researchers.
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University teaching is going through a professionalization process as part of a 
change or reform of the teaching and learning culture. This process builds on the 
notion that it is no longer sufficient for a university employee to be an excellent 
researcher; she must also be an excellent teacher. The relation and interaction 
between research and teaching is of great importance, but it is documented that 
being a good researcher does not necessarily correlate with being a good teacher 
(Feldman, 1987; Hattie and Marsh, 1996, 2002).

In higher education there is a reinterpretation of academic scholarship including 
educational/teaching scholarship (Boyer, 1990; Entwistle, 2003; Entwistle et al., 2000; 
Trigwell et al., 2000). The primary argument for scholarship is that we share common 
knowledge about good teaching, which is promoted by the community of scholars com-
municating their concepts, findings, methods, and principles. The idea is that 
educational scholarship promotes high quality teaching (Shulmann, 1993). So if the 
aim of teaching is “to make student learning possible” (Ramsden, 1992), the aim of 
scholarly teaching is “to make it transparent how we have made learning possible” 
(Healey, 2000, p. 171). In other words, we need theories about teaching. Andresen 
(2000) points out that educational scholarship is not just about describing what, how 
and why, but also a term of recommendation or challenge. We are engaged in promoting 
a set of intellectual values, so teaching scholarship is also a moral discourse. Scholars’ 
communication is also a negotiation of status and power in the establishment of teaching. 
Boyer (1990) points out that the scholarship of education cannot be isolated from aca-
demic scholarship in general. The aim of professionalism is to change the academic 
culture towards including knowledge about teaching and learning in academic scholar-
ship. Staff development programmes aim to promote this educational scholarship or 
professionalism. Thus today, university teachers are being educated as educators. In an 
international context, this professionalization has become one of the most important 
parameters in the further development of research-based education (Felten and Pingree, 
2003; Lauersen, 2003). But why is this professionalization process taking place now?

The what, how and why questions of teaching are crucial internal parameters 
with regard to both the total curriculum and the actual teaching situation. 
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Increasingly, every teacher, every departmental teacher team, and every institutional 
authority with responsibility for and influence on teaching faces substantial didacti-
cal1 tasks. They have to choose what (content) and how (form) they are going to 
teach, and they must have good reasons for their choices (aim).

In a publication like this, which aims at understanding some of the multiple 
aspects and dimensions of the transition of science and mathematics education in 
the current information society, it is important that teachers are also taken into 
account. It is essential that the teacher recognizes the importance and relevance of 
implementing the development of competencies, ethics, theory of science or meta-
reflection in their teaching, and finds it realistic to actually teach in that particular 
way. In that way, the challenges and possibilities for university science and mathe
matics education depend on teachers acknowledging the challenges and seeing the 
possibilities. Changing the culture of teaching and learning is by all means a com-
plex process that depends on both the individual teacher’s ability to reflect upon 
their beliefs, concepts and approach, but also on the patterns of social relations and 
the academic culture related to teaching and learning (Trowler and Cooper, 2002). 
Science teachers especially face the challenge of developing professionalism or 
educational scholarship (Cope and Prosser, 2005; Healey, 2000).

For 6 years we have been involved in the development of training programmes 
in Learning and Teaching in Higher Education (LTHE programmes) for new staff 
members at the Royal Veterinarian and Agricultural University in Copenhagen. In 
the period 2001–2003 we conducted an investigation among science teachers 
attending such training programmes for novice academic staff at science and tech-
nical faculties at eight universities in Denmark.

Based on this investigation and our experience as teacher trainers we focus, in 
this chapter, on what the teachers themselves consider to be “good teaching.” After 
presenting the results of our investigation of the teachers’ views on good teaching, 
two interrelated discussions follow:

● The complexity of good teaching. How can teachers’ views on good teaching be 
interpreted compared with relevant research on teachers’ beliefs or concepts of 
teaching and learning?

● Implications for teacher training. What kind of consequences and demands do 
these views make on the organization of future LTHE programmes? How do 
we promote educational professionalism and scholarship?

8.1 Lessons in Good Teaching: Inspiration from the Literature

There is no such thing as a recipe for good teaching. If there were, teaching would 
be as simple as following that recipe. The aim of tertiary teaching is that the stu-
dents learn something, at first, so that they are able to pass their exams, but also – and 

1 The term didactical is here – and throughout the article – not to be understood in an Anglo-
Saxon sense, but according to a German/Nordic tradition as regarding issues related to the 
aims, goals, methods, content and evaluation of teaching and learning.
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this is far more important – so that they will acquire knowledge that will be helpful 
in their future professional life. This is widely agreed upon. Hence, the disagree-
ment does not concern the aim of tertiary teaching, but to a large extent the means 
to reach this goal. (See Roth’s discussion, Chap. 6).

8.1.1 Effective University Teaching

The literature on good university teaching deals primarily with the question of 
effective teaching and is influenced by research using a phenomenographic 
approach (Marton, 1981). Therefore, we have some very general knowledge about 
what effective teaching is. Biggs (1999) uses the concept of alignment as a criterion 
for effective teaching, stating that there has to be a coherent orientation of teaching 
activities, learning activities, and exams towards the explicit curricular aims. Biggs 
(1999) characterises good teaching practice in four points:

● A well-structured knowledge base
● An appropriate motivational context (alignment)
● Learning activity, including interaction with others
● Making self-monitoring possible.

On the basis of reviews of research Ramsden (1992) has formulated six principles 
for effective teaching:

1. Explanations of content and the encouragement of student involvement.
2. Interest and respect for the students’ learning.
3. Appropriate feedback on students’ learning activities.
4. Clear aims and intellectual challenges.
5. Student autonomy, control and active engagement in the learning process.
6. Learning from the student.

8.1.2 Teachers’ Concepts of Teaching and Learning

The description of the concept of university teaching or ways of thinking tends to be 
dichotomized in a teaching centred conception and a learner centred conception, 
where the latter is preferred (McManus, 2001). Others describe differences in teachers’ 
concepts as different in degrees of complexity (Entwistle and Walker, 2002; Ho, 
2000; Trigwell and Prosser, 1996). Entwistle et al. (2000) state that only teachers 
with sophisticated and complex concepts of teaching and learning have the expanded 
awareness of learning and teaching that makes a strategic alertness to classroom 
events possible, so that they can profit from their experience in classrooms.

One of the consequences of the paradigm shift from teaching to learning is the 
focus on teachers’ conceptions of teaching and learning in staff development in an 
attempt to reform teaching and learning culture at universities towards a learner 
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centred approach. Some studies have shown that science teachers especially tend to 
be more teaching centred in their conception of teaching and learning than university 
teachers in other areas (Prosser et al., 2005).

Kane et al. (2002) conducted a review of the research concerning teachers’ beliefs 
or concepts of teaching, including a study of individual teachers, a qualitative analysis 
of groups (10–25) of teachers, and large-scale quantitative investigations. They con-
cluded that there is great confusion about the concepts of teachers’ beliefs and inten-
tions. First, the problem is that most of the studies only tell half the story about 
teaching because they do not take into account the difference between the theory 
espoused in an interview or questionnaire and the theory used in teaching practice. 
Trigwell and Prosser (1996) also make a distinction between teachers’ concepts (belief 
or narrative) of teaching and learning and the teachers’ approach to teaching in prac-
tice, and they state that it is the quality of the teaching approach that can improve 
students’ learning outcome. Second, the dichotomy between a teaching centred con-
ception and a learner centred conception cannot capture the complexity of teaching: 
when and why student activity is relevant is not considered, and the academic discipline 
and the nature of the knowledge content is not reflected (Kane et al., 2002).

In order to prevent a gap between teachers’ concepts of teaching and their 
approach to teaching, Trigwell and Shane (2004) suggest a praxis-oriented model 
of teaching scholarship as an activity. The scholarly knowledge is related to the 
sensibility towards the resonance between the teacher’s knowledge and the stu-
dent’s learning process and the learning outcome for both student and teacher. They 
anticipate that the activities of teaching and learning scholarship are based on a 
partnership between teachers and students about learning instead of a relation based 
on the transfer of knowledge. Their model includes three interrelated components 
in a teaching and learning activity system:

1. Knowledge about teaching and learning in a specific topic or discipline.
2.  Practice, including the planning, conduct and evaluation of teaching and learn-

ing processes.
3. The documentation of students’ learning outcome.

The communication and reflection on the interrelation between teaching knowl-
edge, practice and the documented learning outcome is a second order activity 
producing teaching and learning scholarship.

8.1.3 Learning to Teach

The idea underlying the LTHE programmes is to teach new academic staff how to 
teach. An underlying issue is whether it is possible to teach someone (the new 
academic staff) to teach, so that they learn to teach someone else (the students) so 
that they learn. Thereby, we distinguish between “learning to teach” and “teaching in 
teaching” (Kruse, 2001). On the one hand, it is stated that teaching in teaching 
is founded on an educational rationale: that it is possible to gain insight into common 
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knowledge about teaching quality (Dale, 1989). On the other hand, it is stated that 
teaching is learned by practicing (Lortie, 1975; Schön, 1987). Martin and 
Lueckenhausen (2005) have shown that one third of university teachers change 
their teaching style during a semester. Half of these changes are not planned but a 
result of new experiences in teaching situations. Cope and Prosser (2005) have 
concluded that an important part of didactical knowledge is learning from students’ 
learning experiences, being able to see learning situations through the students’ eyes. 
In the reinterpretation of scholarship they find a relationship between practicing and 
developing scholarship: “If teaching is to be seen as a form of scholarship, then the 
practice of teaching must be seen as giving rise to new knowledge” (Schön, 1995, 
p. 31; see also Trigwell et al., 2000). It is evident that experienced teachers get bet-
ter results than novice teachers, but after 3–5 years experience alone has no signifi-
cant effect. So experience in teaching is necessary, but not sufficient for developing 
high quality teaching. The conclusion is that good teaching is promoted by a com-
bination of conceptual reflection and experience through experiments (Entwistle, 
2003; Martin and Ramsden, 1993).

It is documented that some staff training programmes can have a positive effect 
on the teaching and learning outcome. (Biggs, 1999; Gibbs and Coffey, 2004; 
Trigwell et al., 1999). Traditional staff development activities in tertiary education 
are largely concerned with teaching skills and methods, including, for example, how 
to improve lectures or how to conduct tutorials. Our investigation confirms that new 
academic staff members expect that programmes will provide them with descriptive 
methods or recipes. Experiences from many programmes have suggested otherwise, 
namely, that many participants defend their usual methods (Ho, 2000; Trigwell and 
Prosser, 1996). Reviews by Ho (2000) and Entwistle et al. (2000) show that traditional 
staff development programmes with focus on methods and recipes do not lead teach-
ers to change their teaching practice. They have to change their concepts of teaching 
and learn to make fundamental changes in their way of teaching.

8.2 The University Teacher Project

Funded by the Centre for Educational Development in University Science, we 
conducted a project entitled Professionalization of the university teacher in 2001–2003 
(Kruse et al., 2004). The background for the project was the set of LTHE programmes 
for new academic staff at science and technical faculties at Danish universities and how 
new academic staff considered themselves in their new role as teachers.

8.2.1 The Aim of the Project: Main Questions

The LTHE programmes for new academic staff reflect a political aspiration to 
continually raise the standards of teaching at Danish universities. Based on this 
aspiration, the overall aim of the project was to identify the potential and problems 
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that new academic staff encounter in becoming professional teachers. To reach this 
goal we have conducted three studies:

● Theoretical investigative work on the background for this professionalization of 
teachers

● A didactical analysis of the LTHE programmes
● An empirical investigation among new academic staff in science and technology

Here we will mainly focus on the third study of the project. The empirical investi-
gation is aimed at describing how the didactical framework set up by the institu-
tions as being utilized is perceived by new academic staff and how they perceive 
the framework per se.

Also relevant to the discussion of the framework of LTHE programmes and the 
new academic staff’s perception of what they might learn from attending such pro-
grammes, are questions about how the concept of “good teaching” is conceived by 
new academic staff. Accordingly, it is also an aim of the empirical investigation to 
identify views (the beliefs and concepts) of new academic staff toward good teach-
ing and how they strive to produce good teaching. The identification of new aca-
demic staff’s understanding of good teaching gives rise to a debate about the notion 
of “good teaching” at universities that the LTHE programmes are and should be 
communicating. Kane et al.’s (2002) review of the research on teachers’ beliefs and 
concepts of teaching and learning makes a clear statement that this only tells half 
the story about teaching. There might be significant differences between the 
espoused theory (beliefs, concepts, narratives) and the theory used by teachers in 
their teaching practice. To investigate the theory in practice is very difficult to 
observe, if possible at all. But observation of teaching and teaching documents can 
give information about the correlation between teachers’ concepts and their 
approach to teaching. In our study we have only asked the teachers about their views 
on good teaching, which limits the interpretations to saying something about their 
beliefs and concepts of good teaching and not about their teaching practice or 
approach to teaching.

8.2.2 Methods Used in the University Teacher Project

Throughout the project we have used a wide range of methods to reach an 
understanding of the problems and potentials encountered by new academic 
staff in their professionalization as teachers: theoretical considerations, didac-
tical analyses and empirical investigations. Since this chapter focuses on the 
attitudes of new academic staff toward the concept of good teaching, we will 
at this point discuss the specific methods used in obtaining data with regard to 
this issue.

In order to identify beliefs and concepts on good teaching in university settings, 
we have conducted both quantitative and qualitative investigations: a questionnaire 
and an interview study.
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The aim of the questionnaire was to consider our research questions in a quan-
titative manner. For this reason the questionnaire consists of four sections that cor-
respond to the main objectives of the project:

● Background information
● On your teaching and role as a teacher
● Views on tertiary education and teaching in general
● On your experiences with Learning and Teaching in Higher Education programmes.

The participants in the quantitative study were new academic staff in science and 
technology at Danish Universities who had either participated in a LTHE pro-
gramme the year before this study or were participating in a LTHE programme at 
the time of the study. Almost 130 new academic staff (the total number of persons 
who attended LTHE programmes either in the year 2001/2002 or 2002/2003) were 
asked to join the study and 64 questionnaires were returned. The returned question-
naires were processed using SPSS. The questionnaire study was conducted in the 
winter of 2002/2003.

As a supplement, an interview study was conducted with the intention of varying 
and clarifying the quantitative data. Two group interviews were conducted in the 
early spring of 2003 with three participants each from a total of five different uni-
versities. The participants had, in other words, experienced five different LTHE 
programmes. Each group interview was structured around three themes: “Presentation 
of the participants,” “On your experience with a Learning and Teaching in Higher 
Education programme,” and “Learning and Teaching in Higher Education pro-
grammes of the future (what should they consist of?).” The interviews were audio 
taped and relevant parts were transcribed.

8.2.3  Staff Development Programmes in Learning and Teaching 
in Higher Education

Pedagogical education of scientific staff is internationally recognized as the most 
important strategy for living up to the above-mentioned expectations for tertiary 
teaching (Berendt, 1998). In Denmark, the ministerial demand for LTHE pro-
grammes reflects this recognition. The Danish University Act of 1993 stated that 
all new academic staff should be offered supervision by an experienced colleague 
and should receive a written statement about their pedagogical qualifications. Over 
a 10-year period all Danish universities have developed educational programmes 
for their new academic staff.

As mentioned above, we have conducted a didactical analysis as part of the 
overall project. In the didactical analysis we analyzed the guidelines for teaching in 
teaching, which are set out by the universities. We have analyzed the formal cur-
ricula of the LTHE programmes in order to see what kind of values are being 
marked as good LTHE programmes (aims, objectives and content of the programmes) 
and as effective LTHE programmes (form and methods of the programmes). 
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Analyses of the formal curricula and syllabi at six universities reveal similar aims 
and objectives. The aim is to develop, strengthen or improve the new academic 
staff’s ability to plan, run and evaluate teaching and to gain experience with, and 
knowledge about, principles and theories about learning and teaching methods and 
didactical knowledge. The general objectives/content are:

● Planning of teaching activities
● Teaching methods
● Peer observation (supervision)
● Evaluation
● Tutoring of students
● Experiments and investigations in own teaching practice
● Learning and learning processes
● Aims and objectives
● Exams and tests
● Problem-based project work/problem-based learning.

The methods described are more diverse, with the exception of the formal expecta-
tion of supervision. The similarities are different kinds of experience-based 
approaches, exchange of experiences and the stimulation of gaining new experience. 
Typically a functional view on educational theory is taken. Theory 
is a tool for reflection and communication about teaching experience. Theory is con-
sidered a valuable tool for professional reflection and not a scientific interpretation or 
explanation of educational phenomena. In other words, this didactical analysis 
describes the framework and the resources used by each Danish university on LTHE 
programmes for its new academic staff.

To sum up, the conclusion of the didactical analysis of the eight LTHE pro-
grammes is that the expectations (aims) related to the professionalization of new 
academic staff can be described as:

● The new academic staff attain concepts and pedagogical theories that allow them 
to participate in didactical and pedagogical discussions in a qualified manner

● The new academic staff are able to consciously choose scientific content and 
form with respect to the learning and development of the competencies of the 
students, and to motivate these choices explicitly within the framework set up by 
the aims of the particular education

● The new academic staff are able to continuously develop and improve their peda-
gogical practice as teachers, counsellors on projects and so on. (Kruse et al., 2004).

8.3  Danish Novice Science and Mathematics Teachers’ Views 
on “Good” Teaching

We now focus on how the concept of good teaching is conceived by new academic 
staff in mathematics, science and technology. As part of the earlier mentioned ques-
tionnaire, two open questions try to uncover how both good and less positive 
aspects of their own teacher role are viewed by the respondents.
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8.3.1 What are You Good at as a Teacher?

The first open question is: What are you good at as a teacher/counsellor? 59 new 
academic staff answered the questions, but with more than one sentence/statement 
(107 in all). We have gathered them in ten categories.

The numbers in brackets refer to the percentage of statements that we have 
placed in the different categories. However, we are aware that our categories are not 
clearly defined and that our judgement in placing the statements in one category or 
another has been subjective. The need for subjective judgement is based on the fact 
that we only possess the written statement from the respondent and are thus not able 
to ask the respondent to clarify or explain the specific context.

The top scorer in the categorization of the over 100 statements is the teacher’s 
relation to the students in both teaching and supervision situations. The key state-
ment is understanding the students – meeting them where they are, listening to 
them and spending time on them, giving positive response and showing apprecia-
tion, and creating a good atmosphere.

The second highest score concerns the teachers themselves as communicators. 
These statements can be gathered under the key concept enthusiasm. You cannot 
reach an audience of 120 students in a lecture unless you signal engagement, energy 
and presence. Enthusiasm and making the content matter alive and exciting is 
regarded as a direct path to motivating and engaging the students. Supposedly, the 
rationale behind this is that only if I myself as a teacher am motivated and engaged, 
can I expect the students to become engaged.

Content matter is ranked third. The teachers view themselves as being good at 
making the content matter understandable, designing it with respect to the level of 
the students and using different pedagogical tools. This content knowledge is fol-
lowed closely by another kind of content knowledge: the ability to structure and 
prioritize the chosen content. In contrast, only two statements concern the necessity 
of having a strong knowledge of content matter. This can, however, be understood 
as part of the ability to prioritize and communicate pedagogically.

The ability to activate the students and enter into a dialogue with them is men-
tioned by some of the new academic staff as an important capacity for themselves 
as teachers.

The categories can be joined in three groups:

● Focus on the students: categories 1, 5, 6, 7
● Focus on the content matter and the communication of it: categories 3, 4, 8, 9 

and 10
● Focus on the teacher: category 2 (19 statements).

This joining of categories can, of course, be discussed. As an example, category 1: 
Understanding the students, which was the absolute top scorer, was hard to place. 
Of course, the students are important in this category, but it is the teacher who 
understands the students’ situation, is empathetic, and so on.

All in all we interpret the statements from the new academic staff as if they 
acknowledge the overall message that university teaching deals as much with students’ 
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learning (in the sense of active participation) as with the communication of subject 
matter. Hence, the most important aspect of good university teaching is the focus 
on the students.

8.3.2 What is Difficult for You as a Teacher?

In a similar way, the new academic staff answered the question: What is difficult for 
you as a teacher/counsellor? (N = 61, 83 statements). In this case, we have catego-
rized the statements as follows (Table 8.1):

There are two categories that the teachers find hard to handle. They both deal 
with the content matter in the sense of structuring, prioritizing and making the 
content matter understandable for the students. The teachers experience problems 
in identifying the students’ prerequisites and therefore have a hard time finding the 
right teaching level. In all, statements concerning content matter add up to about 
one third of all 83 statements.

The third biggest category concerns personal appearance, which covers a wide 
range of statements like: “oral communication (speaking loudly and clearly),” 
“being funny in appropriate situations,” “keeping track of my writing on the board,” 
“avoiding getting confused and unstructured.” This uncertainty on a personal level 
has, for some of the respondents, to do with uncertainty about the content matter. 
That is, uncertainty and anxiousness before the actual teaching situation: are the 
students going to ask subject matter questions that you cannot answer, or are you 
going to succeed in being a patient, pedagogical and motivating teacher?

Many of the new academic staff are concerned that they spend too much time on 
teaching and preparation for teaching, as they are obliged to qualify themselves as 
researchers too: “to have the time to show enough interest in the students’ projects.” 
The concerns deal with structuring and prioritizing one’s use of time: “to balance 
the amount of time spent on teaching in relation to the quality of the outcome (and 
my other activities).”

Table 8.1 What is difficult for you as a teacher/counselor? N = 61, 83 statements

 A. Structuring and prioritizing the content matter. Delimitation, planning (17%)
 B. Making the content matter understandable. Finding the level of the students (14%)
 C. Personal appearance (14%)
 D. Limiting the time use. Prioritizing the time available (11%)
 E. Making and maintaining demands and limits. Making the students responsible (10%)
 F. Motivating and engaging the students (7%)
 G. Feeling insecure of the content matter (6%)
 H. Entering into a dialogue with the students (6%)
 I. Lectures (6%)
 J. Activating the students in the actual teaching situation (5%)
 K. Using audio-visual aids (5%)
 L. Exemplifying, involving practice (4%)
 M. Other (6%)
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Another aspect that many of the respondents find difficult is maintaining 
demands and limits in order for the students to become responsible for their 
projects and their own learning: “to experience that the students are able to stand 
on their own two feet – I spend a lot of time supervising.”

Finally, a minor group of respondents point to problems regarding their technical 
communication abilities, like organizing the blackboard and using their voices 
effectively, and a similarly small group state lack of imagination to conduct any-
thing other than a “dull” lecture in the traditional sense as part of their experience 
of the negative side of the teacher role.

Similarly to the statements on positive aspects of the teacher role, the negative 
statements can be joined together in three groups:

● Focus on content, both regarding the subject and the pedagogy: categories A + 
B + G + L (34 statements)

● Focus on the students: categories E + F + J (23 statements)
● Focus on the teacher: category C (12 statements).

Again, the placing of categories in these three groups can be discussed, but the fact 
is that almost one third of all statements deal with problems regarding the teacher’s 
relationship to the students.

The discussion above draws a perhaps unsurprising picture of the fact that the 
aspects that some teachers regard as their strong points are at the same time what 
others regard as the most difficult aspects of being a teacher. We still do not have a 
recipe for good teaching, but there is obviously a certain degree of consensus about 
its characteristics among new academic staff as listening to the students, motivating 
them, being enthusiastic concerning the subject and teaching and being good at 
organizing and explaining the content.

8.4 Discussion of the Complexity of Good Teaching

There is also consensus among researchers and experienced practitioners, at least 
on certain characteristics of the good teacher (see e.g., Biggs 1999; Ramsden, 
1992), but also regarding teaching as a complex phenomenon.

A research group from New Zealand (Kane et al., 2004) has tried to gather the 
characteristics agreed upon into a model. The model builds on an empirical inves-
tigation that, among other things, contains interviews with 28 excellent science 
teachers and researchers in New Zealand (Fig. 8.1).

The wheel-like model consists of five interrelated dimensions with reflective 
practice as the hub:

1. Subject knowledge
2. (Pedagogical) skills
3. Interpersonal relationships
4. Research/teaching nexus
5. Personality
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While these dimensions may not be unexpected, the ways in which the dimensions 
are interrelated are critical.

There are many differences between the New Zealand study and our survey. First, 
our respondents cannot be termed excellent teachers at first sight. Second, we only 
have data from a questionnaire and a few group interviews independent of the 
respondents’ teaching context, whereas the teachers from New Zealand have been 
interviewed, observed and re-interviewed in connection with a certain teaching situ-
ation. Nevertheless, we find the comparison between the two investigations meaning-
ful because Kane et al. draw attention to some important dimensions that we can 
recognize in our material when our new academic staff point them out. The model of 
the five dimensions creates in our opinion an overview of which aspects of teaching 
and of the teachers themselves it is relevant to focus on in educational programmes.

8.4.1 Subject Knowledge

Subject knowledge is a prerequisite for good teaching. It is important to continuously 
keep up-to-date, be able to implement new ideas and knowledge, and never to be con-
tent with the current level of subject knowledge. This dimension is similar to category 9, 
Table 8.2: Having a strong knowledge of subject matter. Only two of our new aca-
demic staff mention this, but we actually believe that it is implied – a belief that is 
partly confirmed by answers to another question in our survey: “Point out three of the 

Fig. 8.1 Model – dimensions of tertiary teaching (Kane et al., 2004)
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above-mentioned statements on the aims of science education that are the most impor-
tant for you in your teaching.” To this question 50% (32 out of 64) of the respondents 
answer that central methods, concepts and theories of the subject have the highest 
priority. This statement is by far what most of the respondents can agree on.

8.4.2 Pedagogical Skills

This dimension covers a range of skills, e.g., good communication skills, being 
heard and understood, making a clear presentation, good diction, and putting for-
ward good examples, as well as being able to motivate and engage the students. 
Kane et al. bring together the range of skills in four words: clarity, organization, 
motivation and preparation. This dimension aligns with categories 3: Making the 
subject understandable, communicating the matter; 4: Structuring and prioritising 
the subject; 5: Motivating and engaging the students; and 8: Being aware of the 
teaching form. Categories 6: Activating the students, and 7: Entering into a dialogue 
with the students could also be added. In this dimension, most of what is mentioned 
above can be learned and, in time, mastered. The answers to another question in our 
survey: “Which of the content mentioned below would you consider the most 
important in an educational programme?” show that the new academic staff agrees 
that most of the pedagogical skills can be learned and hence should be taught in an 
educational programme. Introduction to teaching methods is considered important 
(30) or very important (28) by 58 out of 63 respondents as part of the content of en 
educational programme.

8.4.3 Interpersonal Relationships

In this dimension the importance of establishing a good relationship with the stu-
dents is underlined, whether one is counselling one student or lecturing 150 stu-
dents. Interpersonal relationships require that the teacher shows the students 

Table 8.2 What are you good at as teacher/counselor? N = 59, 107 statements

 1.  Understanding the students, listening, being patient, establishing contact, being open, being 
positive, creating a good atmosphere (25%)

 2. Being an engaged teacher. Enthusiastic, dynamic, entertaining, alive, curious (18%)
 3.  Making the subject understandable, communicating the content matter. Explaining, reduc-

ing, being pedagogical (15%)
 4.  Structuring and prioritizing the subject. Showing what is most important and relevant, creat-

ing overview and coherence, continuity … (12%)
 5. Motivating and engaging the students (11%)
 6. Activating the students. Asking questions, giving assignments, making the students think (8%)
 7. Entering into a dialogue with the students (5%)
 8. Being aware of teaching form and audio-visual aids (5%)
 9. Having strong knowledge of content matter (2%)
10. Other (11%)
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respect, by showing that she cares, is empathetic, and is able to understand the 
students’ problems. Category 1: Understanding the students, creating contact, 
which is mentioned by a large part of the respondents, covers this dimension. 
However, many of the new members of the academic staff also mention interper-
sonal relationships as something they find very difficult (see Table 8.1, category E: 
Making and maintaining demands and limits. Making the students responsible).

8.4.4 Research/Teaching Nexus

A number of myths exist on the relationship between research and teaching. These 
myths point in at least two different directions: one type argues that if you are an 
excellent researcher, then you will automatically become an excellent teacher; 
whereas another type of myth argues the opposite, namely, that if you are a brilliant 
researcher you are unlikely to succeed as a teacher. A third type argues that there is 
no relationship between research and teaching whatsoever (Kreber, 2000). The 
participants in the New Zealand study (Kane et al., 2004) have all been chosen 
because of their excellence in teaching. They mention in the interviews that one of 
the reasons the students consider them excellent teachers may be that they attempt 
to communicate research skills to the students and that they often use results from 
their own research in their teaching. They actually strive to emphasize that research 
and communication of research are two sides of the same coin.

In our categorization of answers to questions on new academic staff’s views of 
good and bad aspects of their own teacher role we have no category that matches 
this fourth dimension. However, another question in our survey: “Does your teach-
ing and/or counselling inspire you in your research work?” tries to elucidate the 
respondents’ views on the relationship between research and teaching. 16% of the 
new academic staff responded that their research is often inspired by their teaching 
and 43% that this sometimes happens.

8.4.5 Personality

It is a well-known fact that some teachers get through to their students while others 
do not. What is the difference? There are undoubtedly many answers to this ques-
tion, but personality is definitely one of them. A key characteristic of the New 
Zealand teachers is enthusiasm. Other aspects of the personalities of excellent 
teachers include a sense of humour, not being afraid to give something of them-
selves, being approachable and human, and so on.

This dimension is widely acknowledged by our respondents as can be seen in cat-
egory 2: Being an engaged teacher, enthusiastic and dynamic. The question is whether 
an educational programme like a Learning and Teaching in Higher Education pro-
gramme or other types of courses for teachers and pedagogical developmental projects can 
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do anything about that. As mentioned earlier, it is widely accepted that with a reasonable 
amount of effort teachers can learn different teaching techniques, including involving 
the students more in the teaching; but it is a lot harder to change teachers’ personali-
ties. It may also be questioned whether this would be meaningful. Part of one’s per-
sonality is daring to show who one is. There is no doubt that teacher personality has 
a huge effect on the students’ perception of the teaching situation. This is due partly 
to the opportunities for identification the teacher offers her students in the sense of 
her personal approach to the content – the subject – and the form of the teaching situ-
ation, and partly to the teacher’s interaction with the students.

The question is what kind of qualities do we connect with a good teacher’s 
personality and whether it is possible to act on these qualities through pedagogical 
counselling. The part of the teacher’s personality that can be worked with con-
sciously and targeted through educational programmes is perhaps better designated 
as the teacher’s role. The teacher’s role summarizes, to a great extent, an approach 
to teaching that can undergo experiments – not least because it deals more with the 
teaching form and students’ expectations to the teaching than with the teacher 
personally.

8.4.6 Reflection as the Connection Point

In a direct comparison between the model and our investigation with special 
focus on what new academic staff members are good at and what they find dif-
ficult as teachers, we are not surprised to discover that most of our statements fit 
into the pedagogical skills dimension, indicating that the good teacher has good 
pedagogical skills (61 statements). Most of our respondents are new teachers with 
limited experience.

In contrast, our new academic staff know very well that good teaching does not 
come from skills alone, which can be concluded from the fact that the second and 
third largest categories in our investigation are the relation to the students (27 state-
ments) and significance of personality (19 statements).

Kane et al.’s (2004) main point is that the excellent teacher does not only demonstrate 
all five dimensions (abilities, skills) but is also able to bring them into action by 
engaging in an ongoing reflection on their teaching both while they teach and after 
they have taught. Here, too, our material matches theirs: Reflection on my own 
teaching has by far the highest priority as possible content in an educational pro-
gramme, with 38 new academic staff marking this content as very important and 20 
marking it as important out of 62 answers. It is an expectation of new academic 
staff that the educational programme will give them the time and opportunity to 
reflect on their teaching. Our investigation, however, tells us nothing about how 
they regard reflection: as a dimension parallel to the other dimensions, or as an 
integration of the five dimensions of the model.

Neither we nor Kane et al. conclude that the teacher should possess similar 
amounts of all five dimensions, but our point is that attention to the existence of 
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these five dimensions can serve as indicators for both supervision and for the 
teacher’s self-reflection in order to make the teaching better. Once again, it is con-
firmed that teaching is a complex phenomenon and that a recipe for good teaching 
does not exist. Much of the literature about the scholarship of teaching (Entwistle 
et al., 2000; Healey, 2000; Trigwell et al., 2000;) states that the ability to reflect 
upon the teaching experience is the key to a flexible and critical practice. We will 
focus on that in the next section: How do LTHE-programmes support reflection?

8.5  Discussion of the Implications for the Development 
of LTHE Programmes

Regarding educational programmes, it is our opinion that the means should include 
considerations of what factors facilitate the development of good and effective 
teaching (and by implication, relevant learning) and what competences the teacher 
should have or ought to develop in order to become a good teacher. An important 
competence is to be able to reflect on one’s own teaching and to react to that reflec-
tion, possibly by changing your teaching. We think that this reflection process is 
facilitated, most effectively, by incorporating peer counselling and supervision by 
experienced university teachers in educational programmes.

In the interpretation of our results, we conclude that most new academic staff 
still refer to the lecture as an important teaching form when they reflect on what 
good teaching is; one possible reason being that they have experience with lectures 
and because their didactical room for manoeuvre is often closely connected with 
lectures for a large group of students. The values related to good teaching repre-
sented by the new academic staff are in this way closely connected to the universi-
ties’ tendency to structurally and organizationally reproduce the lecture form. In 
order for the new academic staff’s “politically correct” views on teaching to be 
realized in practice, there may emerge a need for them to be acquainted with other 
forms of teaching to a higher degree. The weakness in the actual educational pro-
grammes, where reflections on your own practice through peer counselling and 
supervision are important features, is perhaps that it tends to reproduce the existing, 
structurally decided teaching forms. According to this argumentation it is important 
to stress that the existing forms have many qualities, but our point is, that the new 
academic staff should be able to vary and experiment with these teaching forms.

A highly generalized interpretation of our findings could be that the programmes 
make an initial reconceptualization possible, leading to more complex concepts 
about learning and teaching. The communication in the programmes leads to the 
stabilization of some general norms about good and effective teaching that is con-
sistent with the research literature. Our conclusion is that these positive norms and 
concepts correspond to the traditional forms of teaching that still dominate univer-
sities. The question is whether these norms and concepts are enough to change and 
develop practice. The logical answer is that individuals alone cannot change an 
institutionalized and socially constructed practice, but that faculties need teachers 
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with complex and coherent norms and concepts of teaching that are qualified by our 
common knowledge about good and effective teaching.

To focus solely on teacher’s beliefs, concepts and intentions is not enough. To 
develop a more transparent and coherent knowledge about good and effective 
teaching which promotes a teaching and learning culture that stimulates a positive 
learning outcome we have to consider the complexity of a teaching and learning 
system. First of all, changing concepts or beliefs doesn’t necessarily lead to the 
change of teachers’ approaches to teaching, primarily because teachers’ experience, 
perception and interpretation of their situation and the teaching and learning con-
text interfere with both concepts and approach (Trigwell and Prosser, 1996). 
Second, we have to consider the students’ concepts of learning and teaching and 
their approaches to studying and learning. Research has shown that we cannot 
blame the student, because their approach to learning is primarily an effect of the 
teaching and learning system they are part of. Third, the intentions of developing 
or changing teaching practice (approach) tend to use ideological reasons (norms 
and values of good teaching) as the guiding ideas for good or bad approaches. 
Instead of ideological talk and fighting, development must confront the relation 
between teaching approach and students learning outcome, to produce knowledge 
about effective teaching. Educational scholarship is promoted by investigating and 
reasoning about the normative what and why questions in higher education. But it 
is also a question of how to build experimental knowledge of how the teaching and 
learning approach can effectively lead to positive learning outcomes. The teachers’ 
interpretation of the educational cultural context, their concepts of teaching and 
learning or their approaches to teaching are not individual constructions (Trowler 
and Cooper, 2002). Interpretation, concept and approach are part of a social prac-
tice and discourse depending on the academic culture among colleagues and the 
institutional culture.

So how do we promote educational professionalism and scholarship? To sum it up, 
Kruse (2006) has suggested a model. Professionalization is built on a self-referential 
and circular process in which teacher’s implicit knowledge about teaching leads to 
teaching plans, new experience and interpretation leading to new implicit knowledge. 
But this implicit learning process is not professionalism, just practice building a praxis 
theory to conduct teaching. This praxis theory is necessary but not sufficient to create 
knowledge of good and effective learning and teaching systems. Professionalism starts 
with the explicit reflection and reasoning of teaching practice, making the implicit 
knowledge more explicit on aspects such as:

● Concepts of learning and teaching, including both values, beliefs and 
knowledge

● Didactical rationale: what, how, why etc
● Perception and interpretation of the structural frames around the teaching 

situation
● Expectations towards being student and teacher in the learning and teaching system.

Yet this is still not enough. To be a professional educator one constantly has to 
confront teaching practice and explicit knowledge with the learning outcome and 
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with the knowledge that educational research can support. So the development of 
educational professionalism is promoted by:

● Making the teachers’ implicit rationale and concepts more explicit
● Investigating the relations between concepts (rationale), approach (practice) and 

students learning outcome, and judging if the relation is reasonable
● Being informed of the knowledge produced by educational research
● Experimenting with teaching and learning from the students
● Having a community of colleagues communicating about the practice and quality 

of learning and teaching
● Educational leaders promoting professionalism.

8.6 Conclusion

To conclude, high quality teaching is based on the teacher’s conceptual (theoretical) 
and methodical preparedness to reflect on and understand possible problems in 
teaching and learning processes in order to develop personal practice. Today, there 
is a general agreement that development of practice must be based on practice and 
on reflective processes that support each teacher in integrating theory, methods and 
practice. Above all, the pedagogical theories ought to be considered as conceptual 
tools that support and qualify the teacher to reflect on her teaching.

In order to promote teaching scholarship the hypothesis is that teaching in teaching 
is successful if it manages to support staff members in making systematic reflections 
about their own teaching practice, and to help them to compare their experience both 
with their own concepts of teaching and learning and with the common knowledge 
about teaching. This scholarship is both about knowledge and values, and also about 
power and status in academic establishments and institutions.

Therefore, a final conclusion could be that the LTHE programmes will not 
reform university teaching. Such a reform would demand much more than the edu-
cation of the youngest staff members. But we would like to question whether the 
aim of the programmes is to reform universities. Every reform is a matter of policy, 
administration and, of course, of educating the educators – individually, in groups, 
and above all, in the complex contexts in which they work.

References

Andresen, L.W. (2000). A Suitable, Trans-Disciplinary Conception of Scholarship. Higher 
Education Research & Development, 19(2), 137–153.

Berendt, B. (1998). How to Support and Bring About the Shift from Teaching to Learning 
Through Academic Staff Development Programs: Examples and Perspectives. Higher 
Education in Europe, 23(3), 317–329.

Biggs, J. (1999). Teaching for Quality Learning at University. Buckingham: SRHE and Open 
University Press.



8 Becoming a Teaching Scholar 193

Boyer, E.L. (1990). Scholarship Reconsidered: Priorities of the Professoriate. Princeton: The 
Carnegie Foundation for the Advancement of Teaching.

Cope, C. & Prosser, M. (2005). Identifying Didactical Knowledge: An Empirical Study of the 
Educational Critical Aspect of Learning About Information Systems. Higher Education in 
Europe, 49, 345–372.

Dale, E.L. (1989). Pedagogisk Professionalitet. Oslo: Gyldendal.
Entwistle, N. (2003). Concepts and Conceptual Frameworks Underpinning the ETL Project. 

Occasional Report 3. Edinburgh: Higher and Community Education, School of Education, 
University of Edinburgh. Retrieved 28 May 2008, http://www.etl.tla.ed.ac.uk/docs/ETLreport3.
pdf

Entwistle, N., Skinner, D., Entwistle, D. & Orr, A. (2000). Conceptions and Beliefs About “Good 
Teaching”: An Integration of Contrasting Research Areas. Higher Education Research & 
Development, 19(1), 5–26.

Entwistle, N. & Walker, P. (2002). Strategic Alertness and Expanded Awareness Within 
Sophisticated Conceptions of Teaching. In N. Hativa & O. Goodyear (Eds.), Teacher Thinking, 
Beliefs and Knowledge in Higher Education (pp. 15–39). Dordrecht: Kluwer.

Feldman, K.A. (1987). Research Productivity and Scholarly Accomplishment of College Teachers 
as Related to Their Instructional Effectiveness. Research in Higher Education, 26, 227–291.

Felten, P. & Pingree, A. (2003). Centres for Teaching Improvement in Colleges and Universities. 
In J.W. Guthrie (Ed.), Encyclopedia of Education, Vol. 1 (pp. 254–257). New York: 
Macmillan.

Gibbs, G. & Coffey, M. (2004). The Impact of Training of University Teachers on Their Teaching 
Skills, Their Approach to Teaching and the Approach to Learning of Their Students. Active 
Learning in Higher Education, 5(1), 87–100.

Hattie, J. & Marsh, H.W. (1996). The Relationship Between Research and Teaching. A Meta-
Analysis. Review of Educational Research, 66(4), 507–542.

Hattie, J. & Marsh, H.W. (2002). The Relation Between Research Productivity and Teaching 
Effectiveness. Journal of Higher Education, 73(5), 603–641.

Healey, M. (2000). Developing the Scholarship of Teaching in Higher Education: A Discipline-
Based Approach. Higher Education Research & Development, 19(2), 169–189.

Ho, A.S.P. (2000). A Conceptual Change Approach to Staff Development: A Model for 
Programme Design. The International Journal for Academic Development, 5(1), 30–41.

Kane, R., Sandretto, S. & Heath, C. (2002). Telling Half the Story: A Critical Review of Research 
on the Teaching Beliefs and Practices of University Academics. Review of Educational 
Research, 72(2), 177–228.

Kane, R., Sandretto, S. & Heath, C. (2004). An Investigation into Excellent Tertiary Teaching: 
Emphasising Reflective Practice. Higher Education, 47, 283–310.

Kreber, C. (2000). How University Teaching Award Winners Conceptualise Academic Work: 
Some Further Thoughts on the Meaning of Scholarship. Teaching in Higher Education, 5(1), 
61–78.

Kruse, S. (2001). Pædagogisk professionalisme i universitetsundervisningen. Aalborg: Dansk 
Center for Naturvidenskabsdidaktik.

Kruse, S. (2006). Udvikling af universitetslærerens pædagogiske kompetencer – en didaktisk 
skitse. Dansk Universitetspædagogisk Tidsskrift, 2, 36–44.

Kruse, S., Nielsen, K. & Troelsen, R. (2004). Pædagogisk uddannelse af universitetsadjunkter: 
Analyse af adjunktprogrammerne på de tekniske og naturvidenskabelige fakulteter ved højere 
læreanstalter i Danmark. DCN Papers nr. 20. Aalborg: Dansk Center for Naturvidenskabsdidaktik.

Lauersen, P.F. (2003). Universitetspædagogikkens barndom og DUN’s. In DUN (Ed.), 
Universitetspædagogik år 2003 – inkl. Kortlægning af universitetspædagogiske centre i 
Danmark. København: Dansk Universitetspædagogisk Netværk.

Lortie, D.C. (1975). Schoolteacher. A Sociological Study. London: The University of Chicago 
Press.

Martin, E. & Lueckenhausen, G. (2005). How University Teaching Changes Teachers: Affective 
as well as Cognitive Challenges. Higher Education, 49, 389–412.



194 S. Kruse et al.

Martin, E. & Ramsden, P. (1993) An Expanding Awareness: How lecturers Change Their 
Understanding of Their Understanding of Teaching. Research and Development in Higher 
Education, 15, 148–55.

Marton, F. (1981). Phenomenography – Describing Conceptions of the World Around Us. 
International Science, 10, 177–200.

McManus, D.A. (2001). The Two Paradigms of Education and the Peer Review of Teaching. 
Journal of Geoscience Education, 49(5), 423–434.

Prosser, M., Martin, E., Trigwell, K., Ramsden, P. & Lueckenhausen, G. (2005). Academics’ 
Experiences of Understanding of Their Subject Matter and the Relationship of This to Their 
Experiences of Teaching and Learning. Instructional Science, 33, 135–157.

Ramsden, P. (1992). Learning to Teach in Higher Education. London: Routledge.
Schön, D.A. (1987). Educating the Reflective Practitioner. San Francisco: Jossey Bass 

Publishers.
Schön, D.A. (1995). The new scholarship requires a new epistemology. Change Nov./dec. 27-34
Shulmann, L. (1993). Teaching as Community Property. Changes, 25, 6–7.
Trowler, P. & Cooper, A. (2002). Teaching and Learning Regimes: Implicit Theories and 

Recurrent Practice in the Enhancement of Teaching and Learning Through Educational 
Development Programmes. Higher Education Research & Development, 21(3), 221–240.

Trigwell, K., Martin, E., Benjamin, J. & Prosser, M. (2000). Scholarship of Teaching: A Model. 
Higher Education Research & Development, 19(2), 155–168.

Trigwell, K. & Prosser, M. (1996). Changing Approach to Teaching: A Relational Perspective. 
Studies in Higher Education, 21(3), 275–284.

Trigwell, K., Prosser, M. & Waterhouse, F. (1999). Relations Between Teacher’s Approaches to 
Teaching and Students’ Approaches to Learning. Higher Education, 37, 57–70.

Trigwell, K. & Shane, S. (2004). Student Learning and the Scholarship of University Teaching. 
Studies in Higher Education, 29(4), 523–535.



Part III
Changes in Structures and Organisations



This chapter draws on my experience as a change agent in universities over three to 
four decades and is partly autobiographical. I appreciate the willingness of the Editors 
to allow me to write in such a reflective and discursive way. The chapter outlines a 
problem, posits some theoretical explanations but offers no concrete solution. The 
kind of comprehensive change in students’ experience of university learning that I 
believe in seems hardly closer now than when I adopted it in its primitive form as my 
mission more than thirty years ago. Perhaps it appeared to be getting closer at times 
but more recent years have seen the dream fade. This chapter attempts to analyze why 
and to ponder whether such an outcome is inevitable. That self-centred portrayal of 
the problem will be balanced by further analysis using distributed leadership theory1. 
I want to emphasize that the change I am talking about is not concerned simply with 
the degree to which discussion of teaching and learning among stakeholders in uni-
versity education has increased per se (it has increased considerably) but rather 
whether progressive changes have been made to the learning environment with con-
sequential, beneficial effects on learning outcomes. There has been a lot of discussion 
in recent decades but the rhetoric has not always been matched by the outcomes. 
Also, the nature of the activities undertaken by graduates has become much broader, 
in some situations much less sophisticated, as universities become institutions of 
mass education, and in other situations more complex and demanding. In a sense the 
goal posts for university undergraduate education have shifted and it is no longer clear 
where they are standing. That has made the task of creating the ideal learning environ-
ment more difficult to envisage and design.

If you continue with your reading of this chapter, doing so may catalyze your 
thinking and encourage you to reflect on whether the problem described is real and 
whether you have a way of solving it. My goal is that you, the reader, should use 
what I write to see if you and others can do in the future what, in the last few dec-
ades, my colleagues and I could not.

Chapter 9
Conceptions of Universities as Organizations 
and Change in Science and Mathematics 
Education

John A. Bowden

J.A. Bowden
Professor Emeritus, RMIT University and Adjunct Professor, Swinburne University 
of Technology, Australia

1 I am grateful to Dr. Gloria Dall’Alba (University of Queensland, Australia) for alerting me to the 
existence of the literature on distributed leadership.
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9.1 Theoretical Base

The analysis in this chapter combines a number of perspectives that include those 
of the educational change agent, the student learner, the academic teacher, the uni-
versity as an organization and the interests of external stakeholders. The theoretical 
base for this chapter lies in the following:

● The research by Marton’s group (for example, Marton and Säljö, 1984) on stu-
dent approaches to learning and the relation between approaches and learning 
outcomes has had significant influence. The notions of deep and surface 
approaches to learning were fundamental to educational thinking from the 1970s 
and beyond. The deep-surface dichotomy also has relevance to academics’ 
responses to their teaching responsibilities. They can be undertaken in a mini-
malist, surface way or they can be approached more meaningfully, depending on 
the circumstances (Bowden, 1988).

● Ramsden’s work (1992) on the relation between approaches to learning and the 
nature of the learning environment has provided part of the framework for edu-
cational development in recent decades. It also provides a useful perspective 
when examining academic staff activities in relation to the organizational envi-
ronment in which they work. The influences on how students learn that Ramsden 
has discussed, such as heavy workload, reward for more or less sophisticated 
outcomes and limits placed on independent choice, apply in a parallel way to 
academics in their workplace.

● My own, more recent work on capabilities-driven curriculum design (Bowden, 
2003, 2004) has played a part in influencing educational practice in a number of 
universities.

All of these have provided a theoretical underpinning for much of the educational 
development of the past few decades but they can also be adapted to analyze the deci-
sions and practices taken up by academic teachers. There are other factors, such as:

● The influence of the institutional environment on academic behaviour, related to 
the aims-demands theory elaborated in The University of Learning (Bowden and 
Marton, 1998, p. 228). Aims set at higher levels in an organizational hierarchy 
can be interpreted as demands at lower levels and the theory provides an expla-
nation for the common failure of top-down change processes.

● The importance of a networked approach to management of universities so that, 
while individuals have their own way of seeing each situation, they become 
aware of others’ ways of seeing, with a consequential increase in collective 
consciousness (Bowden and Marton, 1998, pp. 189–209).

● The ways that the attempts of external stakeholders’ to influence teaching and 
learning often clash with university teachers’ perceptions of academic freedom 
(Bowden and Marton, 1998, pp. 220–224).

● The notion of distributed leadership (Bennett et al., 2003; Henry, 2006; Spillane et 
al., 2006). Distributed leadership theory provides a different framework from which 
to analyze all the influences referred to above and will now be described briefly.
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9.1.1 Distributed Leadership

Distributed leadership is represented variously as an aspiration (Bennett et al., 2003) 
and as a framework for analysis (Spillane et al., 2006; Henry, 2006). I am principally 
going to draw on the latter but will use the former to illustrate its relevance. Bennett 
et al. suggest that “distributed leadership highlights leadership as an emergent prop-
erty of a group or network of interacting individuals” rather than as “a phenomenon 
which arises from the individual”. To them, the notion suggests “openness of the 
boundaries of leadership” and a distribution of a variety of expertise “across the 
many, not the few”. If these are brought together, a “concertive dynamic” is created 
that represents more than the sum of the parts. This is reminiscent of the collective 
consciousness notion developed in The University of Learning (Bowden and 
Marton, 1998, pp. 189–209). We argued that within a group of people there is likely 
to be variation in the ways that different members of the group see any particular 
phenomenon and that collective consciousness refers to the degree to which each 
individual has awareness of the different ways of seeing by other members of the 
group. We used that notion to argue against models of university management such 
as the hierarchical model and the market model as not being conducive to the devel-
opment of collective consciousness (Bowden and Marton, 1998, pp. 273–274). 
Instead we argued for a network model that seeks to enable those with expertise to 
be responsible for action and to avoid situations in which formal authority does not 
correspond with capability to act effectively. The importance, when analyzing for 
distributed leadership in an organization, of looking at the roles of both formal and 
informal leaders, is emphasized by Spillane et al. (2006).

9.1.2 Framework for Analysis

Bennett et al. (2003) suggest several variable features:

● Control/autonomy is a major variable involving constraints from higher levels in 
the hierarchy related to goals set by formal leaders. Those formal leaders are 
often in turn accountable to external stakeholders for institutional performance. 
Bowden and Marton’s (1998, p. 228) aims-demands theory highlights the same 
issue. This contrasts with an emphasis on a greater degree of autonomy for those who 
contribute to leadership. While distributed leadership theory was developed from 
study of schools, it is quite relevant to universities. They have in common the fact 
that employees necessarily act independently when engaging in the business of 
the organization, viz. teaching students and doing research and yet there are insti-
tutional goals and processes that by their nature curb independent action. The 
balance between control and autonomy is a central question for universities.

● Organizational structure and agency. The emphasis on formal structure can be limit-
ing as can the other extreme, the focus on informal agency. Perhaps universities half 
a century ago could be depicted as a loose alliance of a large number of effectively 
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independent agencies. Today some of them are tight corporations with a fierce profit 
focus, detailed business plans and an expectation of corporate allegiance. Most of 
them have a mix of the two and a common tension in universities in recent times 
has concerned academics’ fear that the shift from the traditional to the corporate 
university has gone too far. A focus on formal leadership and reduced independence 
of action for members of the university are at the heart of such claims.

● Social and cultural context. Apart from the external culture in which the organiza-
tion lives, the internal organizational culture has a significant effect on the uptake 
of distributed leadership. Past history of passive acceptance or of innovative 
uptake has an effect on the contemporary response to opportunities for distributed 
leadership. In universities, historically staff have had a broader independence of 
thought and action through the loosely held concept of academic freedom. While 
there is variation in the ways that different stakeholders view that concept, it is part 
of the culture of universities in one way or another. Hence the notion of distributed 
leadership seems appropriate when looking at universities. The traditional concept 
of the university mentioned in the previous dot-point above could be viewed not 
so much as collective consciousness but rather as uncoordinated, widely distrib-
uted leadership. The extreme but hopefully rare corporate model might well be 
represented as collective unconsciousness – the different ways of seeing among 
members of the organization are expected to be subjugated to the prevailing cor-
porate perspective. In contrast, the notion of collective consciousness, as well as 
the distributed leadership model, aims at a culture of coincidence of expertise and 
responsibility with shared understanding and acceptance of the value that it brings 
to the university (Bowden and Marton, 1998, pp. 259–261).

● Source of change and involvement of formal and informal leaders. The impetus for 
development of distributed leadership often occurs through structural reorganiza-
tion, initiated by either internal or external agencies, and the emergence of strong 
formal leaders who facilitate distributed leadership despite their formal power. It 
can also develop from a bottom-up response to some formal policy requirement 
coming from either internal or external sources. New informal leaders champion 
such a bottom-up development and this places demands on senior formal leaders to 
respond. In modern times, the top-down imposition of independence (admittedly 
this is an extreme statement of the Bennett et al. comment but it has the same fla-
vour) or even the encouragement of independence by the university president,vice-
chancellor or rector has often been missing in universities (from now on I will refer 
to the president,vice-chancellor or rector as the CEO – Chief Executive Officer – 
even though this “corporate” term sometimes has a pejorative connotation in uni-
versities). Few CEOs are recruited because of their commitment to distributed 
leadership. Rather, CEOs who are able to articulate some strong new vision of their 
own that they expect staff to implement are the ones who in recent years have been 
headhunted by competing universities. I am a little pessimistic that the idealistic 
vision of formal leadership that Bennett et al. depict is even possible in the world 
that universities have to inhabit in the twenty first Century.

● Dynamics of team working. Collaboration, openness, trust, sharing of expertise, 
common goals and processes, mutual support, networking, open communication 
and primacy of the group goals are seen as attributes of teams that best support 
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distributed leadership. Most university academics have experienced this kind of 
dynamic style of working and find it exhilarating and rewarding. At the best 
times, this is how academic life goes on. However, most academics would com-
ment that over recent decades the opportunity for such an idyllic existence has 
reduced. The competitive systems that have been set in place, both between 
universities (for status and for funds) and between academics (for recognition 
and for career enhancement), militate against these values of trust and interde-
pendence. How this can be reversed is one of the challenges.

● Institutional and spontaneous forms of distributed leadership. Distributed leader-
ship is best maintained through reliance on expertise rather than position, and ad 
hoc functional groups rather than establishment of ongoing committees. Such fluid 
leadership depends on trust and mutual support, which must become part of the 
organizational social and cultural context. It also blurs the line between leaders and 
followers. This is what all of us have experienced in the moments that correspond 
to the ideal elaborated in the previous dot-point. How we can expand those 
moments into our whole working life is something we need to investigate.

9.1.3 Broad Implications of the Theoretical Base

There are a number of conclusions that we can draw from the theoretical base that 
has just been described. They concern student learning in general, learning for the 
unknown future in particular, environmental influences on academics’ response to 
change processes, negative influences of top-down or external demands, and the 
special creativity needed for good teaching.

How students approach their learning tasks affects what is learned. If students are 
studying with the intention of memorizing as much as possible so as to regurgitate 
it in an examination, then they are unlikely to develop much understanding or draw 
much meaning from the material they study. Indeed, the latter is likely to occur only 
if they are going about their study with the intention of developing the meaning and 
trying to understand it. We also know that students adapt their approaches to learning 
in response to the learning environment they experience, as well as their own past 
learning experiences. If they face heavy workloads, an examination system that 
rewards rote learning and a teaching and learning environment that is alien to learn-
ing for meaning, then they will be more likely to take a surface approach. In turn, 
the learning environment experienced by students is affected strongly by university 
practices, particularly in relation to curriculum design and the activities of the teaching 
staff with whom students interact. What the university and its staff do about those 
elements of the environment does matter. It has an effect.

Students respond strongly to the nature of the examinations and other forms of 
assessment, which for many comprise the principal environmental factor shaping 
their approaches to learning. Encouragement by teachers for students to achieve 
particular learning outcomes will be more or less effective depending on the level 
of consistency between the intended outcomes, the teaching and learning experi-
ences and the assessment practices. Similar issues are raised in Chapter 4 (p. 85).
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Student learning at university needs to prepare them to deal with situations in 
their future life that cannot be predicted in any detail. The capability that students 
need to develop in order to cope with the unknown future includes the capacity to 
judge what aspects of any new situation they have to deal with are relevant, the 
ability to decide what knowledge that they have or can access is necessary and the 
capability to deal with all the relevant aspects simultaneously (Bowden, 2003).

There is a danger that the hierarchical structure of a university will lead to aims 
at one level being interpreted as demands at a lower level and converted into alter-
native aims that may be inconsistent. There are examples discussed in this chapter 
in relation to senior management aims for curricula to be designed with capabilities 
to deal with an unknown future as the central feature. Some academics may inter-
pret those aims as demands to structure curriculum documents in a particular 
way. Their response is to edit their existing curriculum documents so that the new 
keywords like capability and unknown future are included, without any substantial 
change to the meaning or the practice. This response can only add to confusion 
within the university, among both staff and students. External stakeholders can also 
make demands that inadvertently have a negative impact on the learning environ-
ment. The way that some governments have imposed industrial models of quality 
assurance on university teaching and learning functions is one example discussed 
in this chapter.

Teaching cannot be optimized merely by imposition of a set of rules and regula-
tions. It is a creative process that requires the development of appropriate ways of 
seeing. That, in turn, requires time, resources, opportunity and a supportive envi-
ronment. Given that characteristic of the teaching process, as well as the sensitivity 
of the aims-demands relationship and the relative autonomy of academic staff, 
distributed leadership theory is quite relevant to organizational change within a 
university in relation to teaching and learning.

9.2 My Background

For two reasons I thought it would be useful to readers for me to summarize my 
education and work experience. My particular background and experience have 
shaped the thinking I reveal in this chapter. In addition, this account serves as an 
example of the way in which many people become academic teachers and some 
become educational developers. Readers may well recognize aspects of their own 
stories in my personal account.

I began as a school student who wanted to be a scientist. I had taken an occupa-
tional orientation test at about age 14 which concluded that I was most likely to 
succeed as a social scientist rather than as a scientist. That had no impact on me at 
the time although it subsequently proved to be prescient. I went on to university and 
graduated with honours in chemistry, following a combined degree in chemistry 
and mathematics. I had envisioned myself in a lab coat working for some company, 
but my image of the future never took a more specific shape than that. My success 



9 Conceptions of Universities as Organizations 203

as an undergraduate and in my early research activities led to an offer to enrol in a 
Ph.D. in chemistry and an opportunity to teach undergraduates.

My teaching career began when, as a new research student, I was thrust into look-
ing after laboratory groups in undergraduate chemistry at the University of Melbourne. 
My role was to make sure that the various science, medical, dental and engineering 
students safely completed the designated laboratory work in the allotted time. During 
that process I taught them both practical laboratory skills and theoretical explana-
tions. After each laboratory session, they wrote a report and I gave them a grade.

My qualification for being appointed to such a role was that I had completed an 
honours degree in chemistry and that I was now enrolled in a postgraduate research 
degree. My capabilities to undertake the role were not part of the decision-making proc-
ess that appointed me and whether I was good at such teaching or not was incidental, 
being totally unknown to those appointing me. In a similar vein I spent many hours 
interacting with tutorial groups of up to 15 students. The fact was that the chemistry 
school staffing structure would have been inadequate without the postgraduate students 
taking on the teaching load in the undergraduate laboratories and tutorial rooms.

After one year, I was appointed to a position as a senior demonstrator, which 
initially changed neither what I taught nor how I was trained to teach but merely 
increased the number of sessions I had to teach. A year or two later, I was given the 
opportunity to be one of four people giving lectures in parallel to four groups of 
first year chemistry students (about 150 students in each group). We followed the 
same curriculum in all four groups and the training I received for this activity com-
prised a weekly meeting with the other three lecturers to ensure that in the following 
week we would all cover the same ground.

I found that I enjoyed teaching very much, but I became painfully aware that, 
while I intuitively chose certain strategies because I thought they would help 
students to learn better, I had no fundamental knowledge of educational theory on 
which to base such strategies. I was doing research at the laboratory bench for my 
Ph.D. that was based on more than seven years of study of fundamental chemistry. 
Yet I was involving myself in the learning of hundreds of young students without 
any study of the processes of learning and teaching. Hence, while working as a 
full-time academic and doing my Ph.D. part-time, I also enrolled part-time in a 
Diploma in Education course that focused on university teaching and learning.

Over the next few years, I took courses in education to Masters level at the same 
time as completing my Ph.D. in chemistry. The courses in education and my daily 
teaching experience led me to think about the ways in which what we do as teachers 
impacts on what students do as learners and, ultimately, what they learn. This even-
tually became my life’s work as I soon became a lecturer in an educational development 
unit and learned afresh to become a researcher, this time in education. 
I had spent more than ten years as a student and academic in the Chemistry School 
at the University of Melbourne and yet, as predicted by a psychology test when I 
was 14 years old, I had by age 28 taken an academic position as a social scientist.

There are two aspects of that story that are relevant to the argument of this 
chapter. The first relates to the unplanned ways in which academics prepare for a 
career that involves significant responsibility for the learning environment of 
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hundreds of students per year and eventually, over a full career, many thousands 
of students. While the number of teacher education courses for university academics 
and the number of universities seeking evidence of teaching experience in aca-
demic appointments have increased, the average academic appointment is still 
largely based on research performance. In the same way, while promotion proc-
esses in most universities pay lip service to the importance of the teaching role, 
actual practices fall far short of the rhetoric and often lead academics to adopt 
practices that are detrimental to learning. This resonates with arguments by Kruse 
et al, in this volume.

The second aspect relates to my capability theory (Bowden, 2003, 2004). In retro-
spect I can see that my own education in science, my research experience in chemistry 
and my teaching experience as a chemistry academic have contributed to the way I 
have acted as a social scientist over the past three decades or so. However, that my 
career would take that trajectory was not predictable while I was learning about under-
graduate science or chemistry research, not even to me let alone to my teachers. So in 
a real sense, as an undergraduate, I was learning for the unknown future (Bowden and 
Marton, 1998, pp. 24–27) and my capabilities-driven curriculum model (Bowden, 
2003, 2004) reflects my thinking that this is largely true for all undergraduates. This 
will be referred to again later in the chapter in relation to the need to design curricula 
around the development of capabilities to handle the unknown future. No one knows 
what any particular undergraduate will be doing professionally in 5–10 years time.

9.3 The Problem of Sustainable Educational Development

Universities are complex systems in which change in one part of the system can 
influence activities in many other parts. This both inhibits planned change and cata-
lyzes unintended change. The problem as I see it is that there is very little chance 
for change agents to have a significant, comprehensive and long-term impact on the 
way that universities facilitate undergraduate learning. As I reflect on my career 
since the 1960s, I have comfortable feelings of satisfaction with the work I have 
done. I have been a researcher in both chemistry and education, engaged in educa-
tional development activities, reflected on both of those and written many articles 
and books. Many of the things I have done or have written about have received 
favourable comment from peers and, at least in the short term, they have had an 
effect on the way the universities in which I have worked have framed their educa-
tional activities, to greater and lesser extents in various places. Certainly my work 
has had significant impact on the way a number of individual academics developed 
their interaction with students in the learning environment. I have always felt that 
it was worthwhile to be doing the things I was doing. Ironically I still feel the same 
way, as I continue to work with doctoral students during my retirement.

However, I think the fate that has befallen me is one that affects many like me 
and it is that, some years after my departure from the various campuses, the ongoing 
activities of the universities concerned show decreasing, if any, effects from my 
earlier presence. In some cases, subsequent change processes have been implemented 
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that erode the effects of the previous change without necessarily having been 
designed to do so. I don’t make that statement in any bitter or regretful way or with 
any churlishness, but with a sense of ironic realism.

For instance I recently described (in Bowden, 2003, 2004) the development of a 
capability-driven curriculum design process that had been introduced at RMIT 
University in Australia before I retired. It was a response to the point made earlier 
– that undergraduate students are necessarily learning now for a future that can’t be 
predicted in any detail. They need to develop the capability to deal effectively with 
previously unseen situations. The capabilities-driven curriculum model I designed 
was my response to that need – a way of organizing university curricula and learn-
ing experiences for students in ways that lead to the development of those capabili-
ties. It was decreed from the vice-chancellery that all new course design and all 
five-yearly course renewals would from then on be capabilities-driven. The early 
processes of curriculum change were based heavily on the documentation I had 
produced about capabilities and I was directly involved in the early design proc-
esses. It was a new concept that required different thinking and produced quite 
different course structures and approaches to teaching.

While earlier literature (e.g., Biggs, 2003; Entwistle, 1998; Marton et al., 1993) 
still provided valuable, supportive background, it did not address some of the fun-
damental implications of the new capability-driven approach. Now, just a few years 
later, the guiding principles for educational programmes run within the portfolio of 
the Pro Vice-Chancellor, Science, Engineering and Technology (SET) at RMIT 
University state explicitly (SET, 2007) that programme design reflects “a capability 
based curriculum”. That appears to indicate that the capability approach has 
remained intact. However, in the SET document, there follows a range of state-
ments referring to elements of the educational literature and a list of 17 references. 
Not one of those references is about the capability-driven approach that the whole 
university, including the SET portfolio, claims to have adopted.

So soon after this fundamental shift in curriculum design theory and practice has 
taken place, any science or engineering academic seeking guidelines for curriculum 
design will not be directed towards any literature that actually addresses the issue of 
capability. In March 2007, RMIT advertised and ran a workshop titled “Designing 
and Teaching for Graduate Capabilities”. It is likely that anyone who attended that 
workshop would get a better insight into the curriculum and learning issues around 
capability development. However, science and engineering academics who read the 
advertisement would have had no reason to believe that it went beyond the SET 
guidelines and that they should attend. Anecdotally I am aware that many such aca-
demics are merely re-packaging their existing curriculum by including the term 
“capability” without making any fundamental change to their own practice or the 
learning experiences of their students. For such academics, this is a rational response. 
In educational jargon, they are taking a surface approach in a context that is confus-
ing, just as students do in their learning. In what they have been advised to read, 
there is nothing that enlightens them about this new approach and so they revert to 
what they know. This example will be taken up again later but it is illustrative of the 
power of the individual response to what appears as a top-down demand.
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9.4 Variation in Underpinning Educational Philosophies

9.4.1 Efficient Information Transfer

There is a range of educational philosophies on which curriculum development 
may be based. When I began my career as an academic, the theory-of-practice 
(Argyris and Schön, 1978) in place appeared to be about efficient information 
transfer. The emphasis in the Diploma in Education course that I completed was on 
structure, clarity and comprehensiveness of lecture delivery and on encouraging 
discussion in tutorials. The former involved, among other things, working with 
elocution teachers and the latter paid a great deal of attention to recording the pro-
portion of time spent talking by the tutor compared with the students. Much less 
attention was paid to the nature of the learning activities of students in relation to 
the content of learning. When students were considered, it was in relation to psy-
chological studies of attention spans and capacity to handle several ideas at once. 
Hence, Ausubel’s well-known advance organizers and attention to retroactive inhi-
bition were the kinds of issues discussed (Ausubel, 1968).

Academics experiencing this kind of educational development activity were 
effectively being led to focus on themselves and their own performance or behaviour, 
rather than on students. If only they could get their own act together (pun intended), 
students would learn. The learning process itself was not problematized in any 
depth. Nevertheless, those of us who had a predilection towards the learning of our 
students saw it as a great step forward that now the university was paying attention 
to the teaching function and was funding efforts to make improvements. However, 
this was in a context in which many senior academics saw such efforts as an inap-
propriate shifting of resources from research into teaching, beyond the minimum 
required to fulfil contractual obligations, and as a distortion of university functions. 
My direct experience of a head of department advising a new lecturer against par-
ticipating in the course I just described underlines that point. The head told the 
lecturer that he had been appointed because of his research ability and that he 
should get on with more rather than less research.

“If you are the researcher, I thought you were, then you will have no trouble 
teaching in your field; if you have trouble teaching and need this course, then maybe 
you aren’t as good a researcher as I thought” (paraphrased from recollections).

9.4.2 Facilitating Conceptual Change

That was around 1970 or so. Later, in the 1980s, the emphasis shifted towards stu-
dent learning rather than teaching (Marton and Säljö, 1984; Bowden, 1989; 
Ramsden 1992). Of course, teaching and learning are always linked, but in a com-
plex way and not exclusively. The shift in emphasis opened up the discussion 
to allow for consideration of the learning of students away from the classroom, 
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separate from the performance of teachers, of seeing learning as a complex process 
of responding to a series of related experiences. The important influence of assess-
ment or examination practices on learning began to be considered more carefully, 
as well as the different ways that learning might take place in a variety of contexts 
and the effects of those on what is learned. Hence surface and deep approaches to 
learning were considered in relation to rote learning and learning for meaning. 
Perhaps the notion of learning for conceptual change (Johansson et al., 1985) sum-
marizes the central aspect of this era’s approach to educational development. 
Teachers were being urged to fashion their interactions with students with conceptual 
change in mind, not just rote learning of so-called facts. They were being advised 
to assess students for learning outcomes associated with changed understanding of 
key concepts.

9.4.3 Capability to Deal with the Unknown Future

More recently, from the 1990s to the present, a more holistic approach to educa-
tional development is being promoted by a number of people, including myself. In 
my book with Ference Marton, we advocated that curriculum design at university 
level should take account of the difficulty in knowing what graduates would be 
doing in their professional, social and personal lives even just a few years after 
graduation, let alone later in their lives (Bowden and Marton, 1998, pp. 114–126). 
We argued for “learning for the unknown future” and I subsequently developed the 
notion of “capabilities-driven curriculum design” (Bowden, 2003, 2004) that was 
ultimately implemented at RMIT University. My own experiences were used as an 
illustration for this idea earlier in this chapter.

The emphasis is on working out, in each undergraduate degree field, the capa-
bilities needed to handle previously unseen situations. The emphasis is not on learn-
ing one hundred or one thousand solutions to one hundred or one thousand known 
situations. The emphasis is on experiencing a range of previously unseen situations 
(from the student’s perspective) in ways that lead to a capability of handling previ-
ously unseen situations in the future. If students are learning to develop capabilities 
to deal with the unknown future, it is not necessary that the situation they have to 
confront is in a list of one hundred or one thousand predicted situations; it can be 
any one of a million unpredictable situations.

9.5 Educational Development and Teacher Behaviour

The focus of educational development activities has varied over the last three or 
four decades (see Fig. 1 in Bowden, 2003, p. 15). My initial role in the 1970s was 
to work with individual teachers at universities to help them to find ways of improv-
ing their students’ learning. In addition, I collaborated with the management of the 
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universities in which I worked to create conditions that would allow those teachers 
to take the steps they needed to improve their teaching, to remove the barriers to 
such an effort, if you like. At this time, the interest of the government and the com-
munity in the quality of university activities meant that many of those barriers could 
well be replaced by other barriers, different and often well-intentioned but fre-
quently impenetrable, such as an industrial model for educational quality assur-
ance. Then I became head of an educational development group at another 
university and approached my role differently. I devoted the next decade to working 
at the institutional level, aiming to shape quality processes so that they were not just 
administratively efficient but also pedagogically sound and more likely to improve 
student learning.

One crucial issue is that teaching, as a process for enhancing learning, does not 
produce intended results merely by making sure each of a prescribed set of ele-
ments is in place. It is a creative process that requires the teacher to interact with 
the learners and to make judgements based on those interactions about what to do 
next (Bowden, 1989). Those judgements are often required every minute in face-to-
face interactions or they may require careful planning such as in curriculum design 
or preparing examination papers.

So, if anyone or any organization wants to improve teaching and learning, it is 
not simply a matter of developing a set of rules of behaviour. It is the creative 
response of the teacher to the situation that is crucial. You can have a whole lot of 
elements in place but it is how they are implemented that counts. That will always 
involve individual teachers interacting with individual students or groups of stu-
dents, either face-to-face or remotely through mediated interactions and, in a real 
sense, those teachers are free to act in any way they deem appropriate in the cir-
cumstances. That they are free to respond in situ is a necessary element of good 
teaching. However, it is not sufficient because it is not just important that they are 
free to respond. Of crucial importance is how they respond and educational devel-
opers over the decades have devoted themselves to helping teachers think through 
the underlying principles of learning so they can make the most effective responses, 
whatever the context. Just as good teachers are looking to their students to learn for 
meaning and to develop capabilities for deal with varying situations, so too are 
educational developers looking to academics to understand learning and to develop 
their capability to respond in any teaching and learning situation. The literature on 
student learning is applicable to the development of teaching capability.

I think that teaching university students and parenting have some similar 
characteristics. Parents are always older and more experienced than the children 
they are looking after. Teachers are usually more experienced in the subject matter 
they are teaching, although there are exceptions with some adult learners. One 
issue is that the children or the students are engaging in activities that are expected 
over time to help them develop capabilities they didn’t have or that they had in less 
sophisticated and less powerful forms at an earlier time. A second issue is that 
both parents and teachers have an acknowledged responsibility to do things that 
assist those development processes. A third issue is that both parents and teachers 
face a tension – how to teach about what they know in ways that assist development 
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of appropriate capabilities and, at the same time, how to foster independence. In 
some respects the former almost inevitably contributes to the development of the 
latter but it is in getting the balance right that the art of parenting or teaching is to 
be found.

9.5.1 Parenting Analogy

Now comes the analogy. I want to focus on the need children have in an urban 
environment to develop the ability to cross a busy street safely. All of us who are 
parents recall that learning process as a crucial one. Indeed as children develop that 
capability, their horizons widen and their independence is enhanced. How does a 
parent go about helping a child to develop that capability of crossing a busy street? 
I suggest three models for discussion.

Model A is, I hope, only rarely found. That is for the parent to take the attitude 
that it is a harsh world that everyone needs to survive in and, if children really want 
to cross the street, they’ll find a way. So such a parent would be accepting the inevi-
table outcome that there is a high probability of the child being hit by a passing car. 
This seems far-fetched (although water safety experts in recent decades have still 
felt the need to warn against the sink-or-swim method for teaching children to swim 
– see Hegland, 1993). However, it could be regarded as a reality in situations where 
parents don’t bother to keep track of their children’s comings and goings and, effec-
tively by neglect, allow them to fall into the circumstances described. The focus in 
Model A is on children becoming totally independent through lack of attention by 
the parent to nurturing, developmental processes or safe practice.

Model B is found very commonly. That is for the parent to make sure that every 
time the child needs to cross a busy street, the parent is present, takes the child by 
the hand and steers the child (even “drags” the child on some occasions) across the 
street at the appropriate moment. The problem with this model is that children may 
never develop their own capability to deal with such situations and certainly there 
can be no development of independence in such circumstances. However, the child 
certainly remains safe each time.

Model C is certainly my preferred model. Here the parent may steer the child 
across the street a few, even many, times as in Model B. However, there would be 
a related conversation about what judgements were being made and why the timing 
to cross was chosen. This is something Mary and I are doing when we walk with 
Max, our two-year-old grandson, across a busy street so he can play on the playground 
equipment in the park. Max walks between us holding our hands and we stop at the 
curb and talk through our action – saying that we have to check before we cross the 
street that there are no cars moving towards us that could hit us. We ask him to look 
to see if there are cars coming. When we see a car coming, we say we can’t cross 
yet because the car might hit us. Max is some years away from such independent 
action himself but we believe we are contributing to the development of that capa-
bility. Model C would later on incorporate further steps in which the child was 
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encouraged to make the decision to cross using his or her own judgement but with 
the parent nearby and ready to grab hold of the child if there is imminent danger. 
This model is focussed on three things: the development in the child of the capabil-
ity to make appropriate judgements through direct experience; the consequential 
feeling of independence which is also a necessary part of the development process; 
and the taking of responsibility by the parent for the welfare of the child.

The most challenging aspect of parenthood is to get the balance among these 
three objectives at an optimal level. Model A is unacceptable because it imposes 
independence on the child without paying any attention to welfare or the process of 
development. Model B is not helpful in the long term because it focuses on welfare 
and ignores independence and, because of that, limits development of relevant 
capabilities in the child. Model C is preferable because it focuses on all three 
together – capability development, independence and welfare – and tries to get a 
balance amongst them. This is part of the development of capability as a parent. It 
is not easy and all of us are learning all the time, even as grandparents.

9.5.2 Application of the Parenting Models to Teaching

Now it won’t surprise any reader when I claim that in each of the eras described 
earlier in this chapter, academics were being urged to do quite different things. In 
the 1970s, they were being urged to pay attention to their own performance, with 
curriculum content being defined primarily by traditional, discipline-based, knowl-
edge structures. Learning would take place through efficient transmission of disci-
pline knowledge and would be absorbed in a linear fashion as the efficient teaching 
took place. This has parallels to parenting Model A as learning per se is neglected. 
All of us who experienced those times remember academics justifying their lack of 
interaction with students by claiming their role was to define the syllabus in lectures 
and the students’ role was to learn it – “it’s not my job to teach you, it’s your job to 
learn” paraphrases a common (Model A) sentiment of the time.

In the 1980s, teachers were being urged to turn that thinking on its head and to 
focus more on what was happening as students learned, both within and outside the 
classroom. The intention now was on promoting experiences that encouraged learn-
ing for meaning and the development of conceptual understanding. The curriculum 
content was now not just the topic structure of the discipline but also an elaboration 
of the key concepts within that content. Nevertheless a stepwise acquisition of such 
key concepts was assumed. This approach was often criticized by the Model A 
teachers as spoon-feeding. Certainly some teachers were led into adopting a Model 
B equivalent approach – “if I don’t say it in the lectures it won’t be on the exam” 
or “learn these ten items this week and I’ll test you on Monday” or “the examina-
tion will contain only questions that have been on the weekly tests”.

I remember a dispute at a Swedish University in the late 1980s involving an 
examination paper that contained a question that went beyond the lectures. Students 
mounted a successful protest and the evidence put forward was that the question 
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called for knowledge not contained in the subject notes issued to students by the 
lecturer. This had a profound, and I would say, educationally detrimental effect on 
the institution for some time afterwards.

The capabilities-driven curriculum model of more recent times is consistent with 
Model C and is more demanding on academic teachers. No longer are they being 
urged either to “teach the facts” as they know them or simply to help students 
develop the conceptual understandings that the lecturers have. Now they are being 
urged to help students become capable of handling future situations that not only 
the students are unaware of but about which the lecturers also know little. Part of 
the capabilities-driven curriculum design model is the notion that integration of 
learning across the whole degree structure is essential so that students learn to draw 
on the various aspects of their learning in ways that can help them deal with previ-
ously unseen situations. It is the capability to figure out what aspects are relevant 
and how to use those aspects together to address the situation that needs to be 
learned. In this model, separate subjects taught and assessed independently are 
inadequate. A more holistic curriculum approach is required with learning experi-
ences and assessment that cross subject boundaries without restriction. One such 
curriculum design is described in Bowden (2003).

Now in a controlled situation, academic teachers exposed to this kind of 
educational development over a number of decades might well progress through 
each model and become expert with and committed finally to a capabilities-
driven curriculum approach. Unfortunately the world is not so linear. In any given 
university, all three models, as well as others, may be present at any one time. 
What is an academic teacher to think? The different models lead to different 
practices. What if some in the university are following one model and others a 
different one? How does the academic seeking cooperation with colleagues in 
implementing an integrated capabilities-driven curriculum with assessment 
across subjects deal with the likelihood that many of them may be focusing on 
the more subject-oriented conceptual development model or even on the more 
teacher-focused efficient transmission model?

How do you get comprehensive change? Well at RMIT, the then Deputy 
Vice-Chancellor (in 2000) was committed to the need for a capabilities-driven 
curriculum model and organized a number of one and two-day symposia to enable 
academic teachers to become familiar with the concept, to find out about it in 
detail and to try to apply it to the courses they taught. In addition, the relevant 
university committees endorsed a requirement that in future, all curriculum 
design for new courses and for the regular five-year renewals would use the 
capability-driven model. In Bowden (2003), the first curriculum design project at 
RMIT University is described. On paper the outcome looks fine. The capabilities 
intended as learning outcomes are defined in detail and appropriate cross-subject 
learning experiences and assessment included. However, the implementation was 
difficult. It took some time for the curriculum design team, which had members 
from all the relevant faculty areas, to come to terms with what was required. By 
the end of the design process, however, most if not all members understood the 
process and were comfortable with the design outcome. Then came a management 
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decision in the Faculty that undermined the whole activity (as was both predict-
able and was predicted). No one who was on the curriculum design team was 
allowed to take any management role in the teaching of the curriculum – not as 
course coordinator, subject coordinator or year-level coordinator. I presume the 
rationale was that this would be a way to get a broader involvement of staff in the 
process. However, the consequence was that none of those now responsible for 
teaching the capabilities-driven curriculum had experienced the difficult but 
transforming discussions that members of the design team had. They knew about 
the model but didn’t have the same “feel” for it that team members had. My 
observation was that teachers quickly drifted into the subject focus they had been 
used to and the integrating framework was fragmented.

If the underlying philosophy of the new change is at odds with the philosophy 
of the previous approach, then the new practices developed may be inconsistent 
with those previously in place. For instance, my own philosophy that curriculum 
design and the learning environment should be shaped to enable students to develop 
the capability to deal with a continuum of previously unseen situations in the future 
requires quite different educational practices from those required for the earlier 
focus on developing conceptual understanding of discipline knowledge. When a 
new regime takes responsibility for educational practice in the university and their 
own educational philosophy is the one that had already been replaced, they are 
likely to try to restore it and then the educational environment turns on itself and all 
coherence is lost. It is even worse when the changes implemented have no recognis-
able educational philosophy underpinning them. We have an idealized image of 
each generation standing on the shoulders of the previous one and reaching for the 
stars. The reality is different from that idealized model. Educational practices are 
just as likely to be determined by other drivers such as fashion, economic rational-
ism, politics and the ambition of both institutions and the academics within them. 
Often with such drivers the educational theory-in-practice, if it is discernible at all, 
may be limited, regressive (to an earlier less sophisticated theory) or confused (if 
there are competing theories simultaneously in operation).

It is almost like someone building a castle in the wet sand when the tide is out. 
No matter how intricate the design, no matter how favourable the comments from 
passers-by, no matter how many others have been encouraged to build their own 
spectacular castles alongside, no matter how more striking this part of the beach 
has become, no matter how much pleasure the shared construction of the sand-
castles provided to both the builders and the observers, the simple truth is that, 
come the high tide, the sandcastles won’t be there any more. Now that analogy 
may be thought of as rather glib. Surely attempts to improve teaching and learning 
in a university, if they are of sufficient quality, should have long-lasting effects. 
The inevitability of the next high tide doesn’t have its equivalent in the life of a 
university, does it? Well, maybe it does. The example I just very briefly outlined 
earlier is one illustration and it has significant implications for academic teachers, 
educational practice and student learning. In the case of that first capabilities-
driven curriculum at RMIT University, a striking sandcastle had been built but 
soon the rough water created by the Faculty staffing rules washed it all away and 
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later on the SET high tide came in and found only bare sand, with no sandcastles 
to be seen anywhere.

9.6 A Further Look at the Aims-Demands Model

In this section I am going to extend the commentary from The University of 
Learning (Bowden and Marton, 1998, p. 228) regarding the tendency for people to 
interpret aims expressed at one level in the organization as demands at another level. 
For example, government interest in achieving certain outcomes in the university 
system might be interpreted by university CEOs as demands for certain action. This 
is then re-formulated as a set of new aims for the university, which are interpreted 
by the staff as demands for certain performances. Eventually, students’ learning 
experiences may be changed in ways that seem very distant from the original, broad 
goals of the politicians. One prime example for me is quality assurance. A com-
mendable goal by a government became a tool (in Australia at least) for control by 
public service administrators and in turn an opportunity for vice-chancellors to more 
closely monitor staff performance. Unfortunately, a context of this kind sometimes 
leads to the appointment of senior and middle managers who thrive on such oppor-
tunities. In the case of the quality assurance systems, academic staff eventually 
learned well how to fill out the required forms without allowing any of it to interfere 
with their teaching. However, the raft of evaluation sheets constantly required to be 
filled out by students often led to cynicism and alienation among students that had 
the opposite effect to that originally intended. In a similar way one can well imag-
ine that some European academics will attempt to respond to the Bologna process 
by not changing teaching at all but by introducing a formally designated “pause” 
part way through – to satisfy the formal requirements without interfering with the 
academic processes.

I see the increasing interest of the community and governments in more detailed 
involvement in what goes on in universities as a potential gain but with the danger 
that ignorant interference can produce negative outcomes, for students say. 
Academics have a great opportunity to embrace community interest and use it ben-
eficially. However their individual autonomy allows for and often leads to apparent 
compliance without real (or at least without positive) change. The issues are about 
(1) the way aims at one level are interpreted at a lower level in the system, (2) the 
extent to which those at the more senior level have the expertise to be specific about 
required activities at a lower, more narrowly professional level, and (3) how those 
at the lower level use their degree of autonomy to support the spirit of the intended 
change, to subvert it or, more dangerously, to respond to the perceived demands in 
ways that are detrimental to function, e.g., student learning.

It seems to me that the solution relates to the development of a culture (or its 
enhancement if it already exists) that, if embraced by everyone in the university 
system, would link responsibility with expertise. The decisions about what should 
happen would be made by those who best understand the processes but, within such 
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a culture, they would also take account of the goals of those higher up in the system 
and the consequences of their own actions for those lower down in the organization. 
The string in regards to teaching might look something like: politicians – bureaucrats 
– CEOs – senior managers and boards – faculties/schools – departments – academic 
teachers – students. It would not always be linear but the kind of thing I have in 
mind would have CEOs talking to the bureaucrats about, say, quality assurance and 
acknowledging that they understand the need for government to be assured of the 
quality of university learning. However, if such a culture existed, they would be 
able to convince the government that the imposition of, say, an industrial model of 
quality assurance is not the best way. If such a process were successful and, just as 
importantly, known about by academic teachers, then those teachers may engage 
more enthusiastically in an internally designed quality assurance process aimed 
both at improving student learning and providing evidence that it has been success-
ful. The issue is to make it possible for everyone to be able to work towards shared 
aims rather than to be merely responding to what appear to them to be imposed 
demands. I don’t think I have a generalizable process as to how to do that. Rather 
I would be asserting the need for individuals, groups and organizations to work 
towards such a culture. But they would have to find the best way within each of 
their own contexts.

I need to say here that I am pessimistic however. This chapter has concentrated 
so far on the internal university relationships. If universities were left alone, I think 
it would be a difficult task but it would be possible to develop the kind of culture I 
just outlined. However, universities are part of the community and, in particular, are 
exposed to political influences. These political influences have direct effects on 
university functions and their presence also influences the internal culture. Both of 
these factors militate against the development of the kind of culture I believe is 
essential for the kind of distributed leadership that is essential, for coincidence of 
expertise and responsibility.

I want to emphasize that universities are both fragile and resilient organizations. 
They are resilient in the way I have already described. Many changes imposed from 
outside might change the formal processes but the activities that are in the inde-
pendent domain of the academic may not change in substance at all. This can be 
both a positive and negative attribute. It means that the worst attempts at political 
interference might not succeed. It also means that it is difficult for change agents to 
influence positive change. On the other hand, universities are fragile because of the 
following:

● The growing interest of government and the community in the details of univer-
sity functions

● The increasing expectation for a university president, vice-chancellor or rector 
to be like a CEO of a business, rather than the chairperson of a community of 
academic peers

● The increasingly vertical management structures within universities
● The normal human trait of those providing money demanding a voice in how it 

is spent
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● The expectation by such external stakeholders that measurements will be made 
to ensure that performance is at the level required

● The varying levels of expertise among different stakeholders in regards to issues 
of learning, teaching, assessing performance, managing people and responding 
to stress

Political interest in some specific aspect of on-campus life can be driven by a phi-
losophy that is alien to the philosophy espoused and being acted upon by the uni-
versity community at the time. The attempted imposition by government of an 
industrial model of a quality assurance system on universities in many countries is 
an example. This produced either no change in the most resilient universities or 
greatly distorted teaching and learning relationships in the most fragile. Few were 
totally unscarred by the experience.
A topical example comes from Australia. It is not about science or mathematics 
education but it could easily have been and still provides a relevant message. For 
quite a few years, then Australian Prime Minister John Howard had frequently criti-
cized the teaching of history (mainly at school level). Shanahan and Healy (2000) 
quoted him as saying that there was “a little too much emphasis on the issues rather 
than on exactly what happened”. Well an educationist can live with the fact that the 
Prime Minister believes that reading history can tell us “exactly what happened”, 
provided that he doesn’t try to change what goes on in the classroom. However 
action did follow. As Campbell (2007) reports:

In January (2006) he [Howard] called for ‘root and branch’ renewal of the teaching of 
Australian history. He accused teachers of abandoning a ‘methodical narrative style’ and 
condemned them for promoting a ‘fragmented stew of themes and issues’. This was fol-
lowed up in August by a History Summit, hosted by Federal Education Minister Julie 
Bishop.

The historians invited were of those responsible for the curricula being criticized were 
included. Not surprisingly the conference concluded that changes needed to be made 
in the direction the Prime Minister had indicated. More recently Howard had attacked 
again by denigrating the number of subjects being called by “ridiculous titles” such 
as “Time, Continuity and Change”. They should be called History according to 
Howard because history is what should be taught. Of course, I find the first title won-
derfully descriptive of what a study of history might be about although I might have 
alarmed the Prime Minister even further if my preference “Time, Context, Continuity 
and Change” had been used instead. As Peter Mac (2006) stated:

In fact, thematic teaching of history is crucial for imparting an understanding of subjects 
such as the dispossession of the Aboriginal people, or Australia’s involvement in US-led 
wars. As Vietnam veteran and Labor MP Graham Edwards remarked caustically after a 
national history summit in Canberra last week, ‘Teaching history […] might keep us from 
being involved in more follies and more wars’.

In contrast, a Howard government history course would comprise a narrow narrative of 
government-defined nation-shaping events. As an example, it would emphasize the dates 
of Cook’s exploration of the Australian coast, but would reveal very little about the motive 
forces for British colonialism.
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The outcome depends upon how the curriculum is taught and examined but I would 
have more optimism for a curriculum that focused attention on the influence of situ-
ation and context on action at any given time than on a curriculum that emphasized 
the listing of so-called facts. The former is more likely than the latter to lead to 
understandings that affect contemporary thinking – a key objective of any study of 
history.

Now I have treated this example in detail because it demonstrates most of the 
points I have made already. In the first place, an individual’s response to any situa-
tion is related to their way of seeing it (Bowden and Marton, 1998, pp. 6–8). 
Howard appears to believe that there is some verifiable evidence that allows a 
teacher to say, to a student, “X happened in year Y for reasons Z”. My own position 
and that of most educators would be that you need to look at a whole range of issues 
from a variety of sources before you can estimate the credibility of any one piece 
of evidence. It is developing that capability that studying history is about, to realise 
that the writings of any one historian represents their way of seeing the situation, 
the evidence. A stark example is the way that past historians have written about 
contemporary events as if women played no role. Yet an examination of past events 
with a theme related to women’s roles can demonstrate that women indeed played 
an important but largely unreported role and that their absence from the “narrative” 
that Howard wants to cling to is a consequence of the narrow thinking of the 
(mainly male) historians at the time. Given Howard’s beliefs, it is not surprising 
that he scorns thematic treatment of history. His view of what history is about is 
different from mine and so it is to be expected that he and others like me would not 
have the same view on how it should be taught. There is nothing remarkable or 
problematic about that. However, whether the view of the Prime Minister on such 
an issue should influence the conduct of educational institutions is another matter. 
I think it should not and yet universities are pressured from time to time to make 
changes that government members or their agencies believe should be made. They 
assert their right to bring about the change despite their lack of professional exper-
tise in the relevant field.

The second issue is the power of funding. So far, the Australian Government has 
not taken the history debate into the funding arena. However, there have been many 
other examples where they have. The requirement for quality assurance and cur-
riculum development in teacher training are two areas where funding has been 
contingent on compliance, often using scores on national scales. Such measures and 
their funding consequences are common in the United Kingdom. The Swedish 
Government’s funding of universities was made contingent during the 1990s on 
student pass rates. Once the intentions of government become embedded in funding 
arrangements, university CEOs are encouraged to implement the scheme devised 
by the government. Then all of the aims-demands issues arise in the university and 
any attempts to produce or preserve the kind of idealized culture I described earlier 
are destroyed. In the general model I described earlier, such government interven-
tion in the day-to-day workings of the university comprises an example in which 
authority and expertise do not coincide. The gravity of that is elaborated in Bowden 
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and Marton (1998, pp. 259–261). It is the opposite of the kind of arrangement that 
Bennett et al. (2003) describe as being ideal for distributed leadership.

Universities are dynamic and complex organizations that are part of the com-
munity. They are both fragile and resilient. As a consequence they can be harmed, 
on occasion, by either internal or external forces. In different circumstances they 
can be resilient and absorb the onslaught without harm to their functions. From 
another perspective they can sometimes embrace positive change and on other 
occasions resist it. An ideal university would have a culture that was open, trusting, 
reflective and optimistic. It would ensure that decisions were the responsibility of 
those with the expertise to make them. They would in effect be examples of a pure 
form of distributed leadership. That model would apply not just to the university 
internally but also to its external relations with the community and government. It 
is a valuable target to aim at but I doubt that it is an attainable goal. I hope the read-
ers of this chapter go on to prove me wrong.

9.7 Afterword

This section has been written after the chapter was completed, reviewed and 
revised. I have written it because there is a personal aspect throughout the chapter 
that at first glance doesn’t make sense. In several parts I indicate my pessimism that 
any comprehensive and coherent change to the university learning environment can 
be accomplished in ways that foster for graduates the kind of learning outcomes 
that I value. I suggest that educational developers like me have not, over the past 
three to four decades, witnessed any successful change process at the system level. 
I express the hope that academics in the future will be able to achieve what we have 
not and yet I express my doubts that it will happen. There is a consistency to all of 
that. Yet at the same time I have said that I have been satisfied with the work I have 
done since the mid 1970s and that I enjoy the work I am still doing in retirement. 
How can that be so? How can I be satisfied with what I have depicted as failure?

All of the statements in the previous paragraph are true in that they represent my 
true beliefs. Yet it seems that they can’t all be true as stated – hence the questions 
at the end. The questions are not just for readers. They are questions I am putting 
to myself. How could have I been satisfied with my work during those many years? 
Well, I was thinking about that as I went on my daily seven kilometre walk through 
the Yarra Valley (Melbourne’s principal river) this fine autumn morning (Easter 
Monday) – a delightful opportunity each day for reflection, despite our being in the 
grip of a drought entering its eighth year. I began by thinking about the Kuhn-
Popper debate concerning scientific development (Kuhn, 1970; Popper, 1963) and 
trying, in Popperian or Kuhnian terms, to make sense of the apparent inconsisten-
cies cited above. My first efforts failed but then I began to adapt the Kuhn and 
Popper theories to take account of the fact that university educational development 
is a different entity from natural science, and the following represents my train of 
thought. I could have gone back and revised the whole chapter and pretended that, 
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as I was writing it, I knew what the outcome would be. However, that would have 
masked the actual development in my own thinking that has taken place through the 
writing and I prefer to leave my thinking trails uncovered and visible. Readers may 
find them useful for their own reflection.

Popper’s position was that any scientific theory is tentative and that it survives 
only for as long as it resists ongoing attempts to refute it. As more evidence 
becomes available, it is likely that a new theory is needed to explain both the old 
and new evidence together. He depicted science as being in a constant state of 
change. Nothing is totally accepted: scientists are constantly trying to refute their 
theories and build new ones.

Kuhn suggested that Popper’s depiction of scientific change was not historically 
accurate. He pointed to the ways in which various branches of science cling to 
established theory long after some of its inadequacies have been exposed, and the 
theory only changes when the inconsistencies become so numerous and problem-
atic that everyone agrees that the theory has to be replaced. He depicted such an 
event as a scientific revolution. In between such revolutions, he saw scientists as 
being engaged not so much in the task of questioning and trying to refute the cur-
rent theory but rather in puzzle solving, with the theoretical base remaining stable. 
Innovation in between revolutionary periods is related to better and more effective 
puzzle-solving approaches rather than to theory change. A way of rationalizing 
the two perspectives is to see researchers in science generally taking a Popperian 
perspective and practitioners normally behaving as Kuhn describes. Of course this 
represents scientific advance as an essentially social process – a perspective that I 
believe is accurate.

When I tried to apply those ideas to pedagogical change in universities I noted 
that there were several points of difference. The first was that pedagogical change 
involves human activity both in terms of who changes and of what is changed; the 
focus of the Kuhn-Popper debate was how people’s understanding of the physical 
world changes. People are still involved (the social process) but what they are 
involved about is different (natural science phenomena versus how people learn). 
Scientific theory is very specific about the contextual elements and so there is no 
doubt about its intent, whether or not it precisely reflects the range of human expe-
riences of a phenomenon. On the other hand, explanation of human activity is sig-
nificantly context dependent and so the notion of a universally accepted theory 
related to the human activity of learning, let alone a theory that is stable across time 
and context, is somewhat fanciful.

Secondly, scientific theory is developed within a social framework that seeks 
and accepts a sanctioned theoretical form at any particular time. Within studies of 
human activity like learning, if any such social framework exists, it is merely one 
among many competing frameworks, each with their own different theoretical 
perspectives.

Thirdly a Kuhnian revolution does not usually occur across all of science unless 
there are exceptional situations such as with Einstein’s relativity theory. This is 
related to the structure of the scientific community. In fact it is a series of micro-
communities, each focused around some specific aspect of the natural world. When 
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revolutions occur, they are generally confined to a specific micro community and a 
small number of “neighbouring” micro communities.

In education, most efforts to advance teaching and learning are aimed at a sys-
tem level. Any successful revolution would need to be relatively universal to be 
recognized. So the Kuhnian notion of occasional scientific revolutions with stable 
periods of puzzle-solving in between doesn’t work for university educational devel-
opment as we have practiced it so far. When I tried to think of the shifts from 
teacher-centredness to conceptual change to capability development as Kuhnian 
paradigm shifts at the system level, I found it impossible to incorporate the partial 
nature of those changes and the co-existence of all the paradigms, even today.

Yet there are some insights to be gained. A general case can be made that edu-
cational researchers such as myself and my colleagues have taken a Popperian 
stance. In my own case, my early embrace of conceptual change learning and its 
application to professional development (Bowden, 1989) and my subsequent inves-
tigations into issues of competence and competencies (Bowden and Masters, 1993; 
Bowden and Marton, 1998) and my recent focus on capability-driven curriculum 
design (Bowden et al., 2000; Bowden, 2003, 2004) have all been undertaken within 
a context of developmental support, each time, for the very perspective that I was 
trying to refute and supplant.

On the other hand, the Kuhnian model seems to work for individual teachers. 
Good teachers listen to their students and make judgements about how to respond 
best to help students learn as intended. However, after they have responded, they 
continue to listen and are ready to revise their thinking and respond again differ-
ently as they take in new evidence, perhaps from educational researchers, among 
others. Good teachers are doing that constantly and it is important because teaching 
and learning are so context-dependent. In a different time, place and situation, new 
responses are required. I would suggest that good teachers are engaged in Kuhnian 
puzzle solving within a stable theoretical framework. That stable framework is their 
personal theory of teaching and learning. This personal theory can in time be sup-
planted by a more powerful theory, a revolution at a personal level rather than a 
universal one. That is a difference from scientific revolutions where the new theory 
is codified by the relevant element of the scientific community. This doesn’t happen 
usually universally in fields involving human interactions. Another parallel relates 
to the observation I made earlier in this chapter about academics’ tendency to resist 
change. A Kuhnian scientific revolution occurs only after the natural resistance to 
change within the relevant micro community is overcome. Similarly even good 
university teachers resist having to overturn their framework; like all Kuhnian 
puzzle-solvers they keep making more and more adjustments to their current frame-
work until change becomes inevitable.

I can see that my satisfaction with my educational development work of past 
decades has derived from the fact that many teachers with whom I have interacted 
and some parts of universities in which I have worked have experienced revolution-
ary change at the personal and local levels. I can also see that perhaps educational 
developers like myself have over the past few decades, whether consciously or not 
and whether naively or not, been hoping for a Kuhnian revolution at the system 
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level. In the education field, as we deal with human interactions and a community 
that is not built on a culture of a single codified theory, such a revolution will not 
occur easily. Hence some of the pessimism I have expressed in this chapter.

Perhaps the lesson for me to learn here is that the future may be about 
re-thinking the goals – not to lower expectations but to become more realistic 
and perhaps more specific as a consequence. Camilla Rump, in an emailed com-
ment on my first draft of this section, suggested that:

…a more viable base for changes in the future would be to try to build stronger interna-
tional, national or at least cross-university knowledge cultures; that is, if there is indeed a 
true culture of knowledge about teaching a certain subject with some sort of quality assur-
ance system going on – like peer-reviews in the sciences – then this culture would be more 
stable […] but also more subject to ‘revolutionary insights’. 

(Rump, 2007)

His reminds me that, in The University of Learning, we proposed what we called 
“a bold undertaking” that included allocation of one per cent of the university 
budget to studies in knowledge formation in each knowledge area and to “invite all 
departments to open up their doctoral studies for specialization on knowledge for-
mation in the discipline or domain” (Bowden and Marton, 1998, p. 288). In this 
way, we would be opening up the possibility that theories of learning could be 
developed and codified in mathematics and science fields, making use of the same 
or similar micro communities (or sets of neighbouring ones) that support Kuhnian 
scientific revolutions. Over the past three to four decades, many personal and local 
changes have occurred but have not become more comprehensive because of the 
lack of an educational community structure that values, sanctions and implements 
such revolutionary changes.

Perhaps that is what my challenge to readers is actually about. The task in the 
future is to develop structures within mathematics and science education that enable 
educational developments to be more comprehensively embraced, put into practice 
and then, in turn, be supplanted by even more appropriate theory and practice. 
However, the other edge on the sword that is being handed over is that the social 
context in which universities sit is also undergoing rapid change and the interactions 
between responses to growing pedagogical need and to changing political interest in 
university life have to be balanced. I wish readers well in their endeavour.
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Chapter 10
Reforming University Studies

How Well Does New Legislation Modify Entrenched 
Behaviour?

Sebastian Horst and Kjeld Bagger Laursen

This chapter is a case study of a change of “legislation,” the formal conditions 
under which degree programs operate at “classical” research-driven universities. 
Before setting up our analytic and conceptual tools a brief history of our case:

The pressure was on at the Science Faculty at the University of Copenhagen in the 
middle 1990s: the Faculty had trouble making economic ends meet, and had been 
forced into budgetary cuts that reduced the scientific staff, in some  departments by a 
quarter; the science degree programs were experiencing a drop in recruitment num-
bers; a large evaluation of these programs, covering the mathematical, physical and 
chemical fields, and all Danish universities who produced candidates with a Master 
of Science degree, had revealed rather high drop out rates, in some cases more than 
50% (Danmark’s Evaluerings Institut, 1999). There was an impression, among politi-
cians, perhaps even among voters in general, and certainly voiced rather forcefully by 
influential lobbying organizations, such as the Confederation of Danish Industries 
(Dansk Industri), that many educational institutions were not fulfilling their share of 
the responsibility for educating the Danish youth, and that these universities were too 
costly, as well as too far removed from modern educational demands.

It was not easy to maintain high spirits within the academic staff under these 
circumstances. Nobody can stand prolonged and serious criticism, and nobody 
enjoys having to be on the defensive indefinitely. So the mood became rather 
mixed. On the one hand, there was pronounced irritation at the apparent lack of 
respect for the value of maintaining classical working conditions for university 
scientists. On the other hand, there was a growing understanding of the need to 
change some things, as well as a rather basic urge to respond proactively, and not 
just reactively, to the challenges voiced via the criticism.

In the spring of 2001, the Dean formulated a strategy for how to generate a 
response. This strategy was of course based on the rules of governance of degree 
programs at the Science Faculty: all decisions on scientific and scholarly content 
must be made by a study board, not by the Dean, so it was clear that centrally 
 coordinated changes could only be recommendations, if they attempted to deal 
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with educational content. The study boards, which are responsible for degree 
program content, are mostly “single subject” boards, and tend to be associated 
with individual academic departments. Thus there is a board for the chemistry 
degrees and a board for the physics degrees etc., not withstanding the fact that 
many students would (and will) pursue two-subject degree programs. On the 
other hand, the structure of these degree programs could be decided in a rather 
more centralized and coordinated fashion. The upshot of these considerations was 
the formation of a coordinating committee, chaired by the Dean, and consisting 
mostly of the chairmen of the nine study boards, supplemented by student repre-
sentatives, representatives from the Board of the Science Faculty (the Academic 
Senate of the Science Faculty), as well as the two centres that had to do with 
teaching, the Centre for Science Education, and the Natural Sciences IT 
Competence Centre. This coordinating committee was given the task of defining 
the framework for all future bachelor and Masters degree programs at the Science 
Faculty.

The guiding principles for this task were that the degrees in questions should be 
made more attractive through increased transparency, cohesiveness, relevance and 
flexibility. After an initial round of rather freewheeling debate in this group, the 
Dean summed up these goals in this way:

● There should be fewer separate bachelor degree programs at the point of 
admission

● There should be greater freedom of choice and flexibility in the course of studies
● Replacing the semester system, the academic year should be divided into four 

short sessions (“block structure”), to enhance mobility and flexibility
● It should be possible for the student to change his/her main subject in advancing 

from the bachelor to the Masters degree
● The programs should allow for increased differentiation of perspective, e.g., 

depending on individual career plans
● New methods of teaching and assessment, including increased use of IT, should 

be introduced
● Interaction with the surrounding society should be encouraged, for example by 

means of work-study or international exchanges. (Fundamental document, 
October 2002)

● Significantly, the resulting plans for the new degree programs should be 
expressed in terms of intended educational outcomes, or competencies, so that 
the individual candidate’s academic profile would be clearly visible to prospec-
tive employers (including admissions officers of graduate degree programs).

Taken as a whole this agenda would appear to be an example of a blueprint for 
 fundamental change. However, as we are about to define terms, this is not necessarily 
the case. To describe and evaluate the ensuing process we specify the analytic and 
conceptual framework, which is a modest modification of L. Cuban’s typology 
(Cuban, 1999, pp. 62–75). By means of this framework we will be able to classify the 
items in the above list, as well as the entire process. We shall then pick out some of 
the particularly significant and interesting items above and examine these in greater 
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detail. These items primarily have to do with the block and scheduling features, and 
with the competency descriptions.

Before we continue we should make a remark on our own roles in this case 
study. Kjeld Bagger Laursen has followed the reform of the degree programs all the 
way through; first as a faculty member and head of the study board at the Institute 
of Mathematics, and later also as Head of Centre for Science Education. As Head 
of Centre he has been a member of the coordinating committee of the reform: he 
has not had any formal responsibility for managing the reform. Sebastian Horst has 
worked as a Consultant at the Centre for Science Education since 2003. We have 
both monitored the reform and the changes via our participation in ad hoc groups 
reporting to the Faculty about the implementation of the reform. We have also 
 carried out a handful of projects on specific courses dealing with their specific 
problems and challenges.1

10.1  The Framework: A Typology of Scope 
of Deliberate Change

As indicated by the headline, we consider deliberately initiated processes of 
change. In such processes we may distinguish three stages: proposed changes, 
changes that have been decided on, and executed changes. These distinctions are 
partly made to enable a nuanced description of the political processes, and partly 
simply to introduce the time dimension into our discussion. More about this later.

The typology is four-dimensional. The dimensions are described by the terms 
depth, breadth, level and time. Figure 10.1 shows the two dimensions depth and 
breadth, and a point in this diagram would indicate a classification of a given 
change with respect to these dimensions. Examples will follow shortly.

1 All project reports available in Danish at http://www.ind.ku.dk/side21727.htm.

Fig. 10.1 The two dimensions BREADTH and DEPTH provide tools for analyzing changes 
(from Cuban, 1999, p. 67)
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Depth of change indicates the degree to which the designers of intended change 
seek to make minor, modest or major transformations of key features of the univer-
sity (or, in this case, of a Faculty). The extremes of the depth of change will be 
described by the terms incremental, and fundamental, respectively. Key features 
could be the concept of “academic freedom” as it expresses itself in the freedom of 
faculty to choose research topics. Or it could be the fundamental rules of govern-
ance of the university, as set out in legislation or charter.2 An incremental change 
could be a small change in the teaching workload, or a change in the placing of two 
courses in the study program. Characteristic of incremental change is the implicit 
belief in the soundness of the existing structure or basic values – a belief leading to 
only initiating corrections of the existing structures and processes. Note that 
because we also have a time dimension in our typology, there are no implications 
between the use of “incremental” versus “fundamental” and the time span of a 
change process, although often, of course, incremental changes in depth will be 
executed over a short period of time. The concept “reform” would normally indi-
cate a fundamental change, irrespective of the time perspective.
To give an example of a change process in which the depth dimension is useful: if a 
university wants to make it clear to all involved that research and teaching are to be 
viewed as two equal parts of its business, then this attitude must show up in the way 
these criteria for identification and appreciation are defined, and how they deal with 
those two kinds of academic activities. In practical terms, this means that the univer-
sity must start by defining what it views as good teaching, and how it intends to 
measure it. The university must, in short, set criteria for good teaching that operate at 
the same level of seriousness as the assessment systems for judging research effort. 
This will almost certainly involve concepts such as peer assessment, criteria for career 
promotion, and pay raises, relying on teaching indicators, as well as ways of developing 
and using meaningful ways of judging teaching qualifications (not just teaching 
 experience) when hiring academic staff (Gibbs, 2003). This would all amount to 
fundamental changes, although some of the constituent parts would be broad and 
others narrow.

These terms – narrow and broad – refer to the range of the dimension Breadth of 
change. This dimension is an indicator of how many structures and processes the 
change involves. The shift of a mandatory course from the second year of a particular 

2 In the current context of discussing the conditions for teaching at research-driven universities 
probably the most significant key feature is the sheer competition between research and teaching. 
That there is competition is demonstrated in many ways. Not only is there some uncertainty con-
cerning how to maintain high scientific standards within the maintenance of teaching programs 
nowadays, there is also simple competition for the teachers’ time and attention. We see it in the 
way future researchers are educated, in the way they are recruited, and the terms under which they 
are employed; in the criteria for promotions; and in the development of assessment schemes for 
performance: how is good research identified and appreciated – and how is good teaching identi-
fied and appreciated?
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degree program to the third is an obvious example of a narrow change. But narrow 
changes can easily have large consequences. When City University of New York 
introduced an open admissions policy in 1970, it was a narrow change, but its effects 
on the composition of its student body and thus the conditions for teaching were 
enormous (Traub, 1994). A broad change, on the other hand, would modify several 
elements or the entire system. But a broad change does not have to be fundamental: 
it is easy to imagine changing a lot, e.g., requiring all courses offered by the entire 
university to have assigned a course weight (e.g., ECTS points) without altering the 
contents of the courses. This would be a broad and non-fundamental change.

Level of change simply refers to the organizational level at which the change takes 
place. Our case study obviously refers to the faculty level overall, but many of its 
individual points, such as “fewer separate bachelor degree programs at the point of 
admission” are executed by a kind of middle level, that is, a particular study board at 
a particular department. The “bottom” level is located in the lecture hall, classroom 
and laboratory where the professors decide what to teach, and how to teach it.

The fourth dimension is Time. This dimension will not play as large a role in this 
study as it deserves. We can draw some conclusions about the initial effects of the 
changes, but they are somewhat tentative, because of the short time span of our 
observations. Thus, one of the main points of the Cuban study on which we base 
our study, namely that research-driven universities tend to exhibit a certain change 
resistance when it comes to changes that interfere with their fundamental features, 
will not be possible to confirm or refute conclusively at this stage. We have a few 
comments at the end of this chapter (as does Bowden, Chap. 9). We hope to return 
to this point in a couple of years.

A particularly interesting aspect of the level dimension (which may well be 
specific to universities) is its potential bearing on the depth dimension. In any 
organization in which change is being implemented, the interaction between the 
“top-down” aspects (the decisions made by management) and the “shop floor” 
aspects (how these changes, decided on by management, are actually carried out) 
is decisive for the success of the change process. In universities there is a special 
twist to all of this: the faculty at a university works in a tradition of academic 
freedom. This tradition expresses itself in two related ways, both of which may 
well result in de facto resistance to change. First of all, as a researcher, a univer-
sity employee has (some) freedom in choice of research topic, and certainly has 
considerable freedom in choice of approach to the solution of the chosen research 
problem. Secondly, as a teacher (and as an advisor), a faculty member works in a 
strong tradition of independence. In a way, all of this originates in the very basic 
notions of how universities best go about the business of pursuing truth.3 Rump 
and Winsløw (Chap. 11), also present some observations on this.

3 A good case-within-a-case that displays how ‘ordinary’ academic staff were involved in this local 
process, is provided by the new degree program in chemistry. Here it was decided to amalgamate 
two programs, one in chemistry and one in environmental chemistry, into one. Efforts were made to 
engage a wide segment of the academic staff in the planning: the study board decided on a way 
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Before discussing the problems that a top-down approach may run into in a uni-
versity setting, let us take a look at some of the reasons why the exercise of leader-
ship (i.e., “top-down”) is indispensable in our case. The degree programs at the 
Science Faculty are all the result of traditions that are remarkably specific to the 
individual degrees. The programs in the biological sciences, the earth sciences, and 
in physical education are accustomed to being run as single-subject programs, while 
the programs in physics and chemistry, as well as those in mathematics and compu-
ter science, are more based on coexistence, probably because physics and chemistry, 
cannot be dealt with as advanced and research-driven subjects without mathematics 
– and as a result these subjects are geared to being run as combination studies.

This could of course continue, if no changes were needed. But since the germi-
nation of this underlying feeling that “something had to be done,” and that this 
“something” should produce programs that would give every future student a better 
chance to construct his/her education as they saw fit (with some restrictions of 
course), including the option of mixing several subjects, it was evident that there 
would be a strong need for coordination.

Moreover, with the study board structure being as we mentioned before, no 
attempts to bring these rather different programs under some common umbrella is 
likely to succeed without real effort: with a body of study board chairs, who are 
each others’ peers and cannot dictate anything to one another, only work by persua-
sion, no decisions are easily reached. Indeed, around the year 2000 there was an 
attempt to make a new set of study programs, but it failed. So by the time the proc-
ess under scrutiny here was being set up it was clear that the Dean would have to 
exercise his influence and simply insist that an agreement be reached.

Even with this realization emerging, it is not clear that this process could have 
succeeded, were it not for the changing climate for leadership at Danish universi-
ties. This change was mostly externally induced. The Danish parliament and gov-
ernment were losing patience with the perceived inability of university management 
to effectively handle the altered economic and demographic conditions, and a 
major revision of the laws governing the operation of these institutions was under-
way. The trend was in the direction of more forceful leadership. And, even though 

of dividing the chemical sciences into seven separate groups: analytical chemistry + applied spec-
troscopy, biological chemistry, physical chemistry, environmental chemistry, spectroscopy and 
theoretical chemistry, structural chemistry, nano-science and macromolecular chemistry, and syn-
thetic chemistry. For each such scientific discipline a working group was formed, with a mandate 
to formulate how this particular topic should preferably (ideally, but at the same time realistically) 
figure in the study plans. The groups were deliberately made with overlapping membership, and 
the total membership spanned the entire department. Each group contained members who worked 
inside the discipline and outside the discipline. Thus active involvement by everybody was 
ensured, although influence from the local management was in clear evidence. It seems safe to 
predict that this change process at the local level is likely to be quite stable under the risk of 
‘ passive resistance’ by the members of the department, and its impact may well not dwindle to 
something minor over time (see also Bowden, Chap. 9).
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academic staff valued (and probably still value) the principles of self-governance 
and democracy that have been in the rule books of Danish universities for a very 
long time, there was a growing realization of the need to sing in unison.

So the necessary willingness on the part of the local study leadership to accept 
decisions made in the coordinating committee was present. However, this readi-
ness to act is still within the “top-down” part of the process. Shortly we shall get 
to the “bottom-up” part and the interaction between the two. In this interaction 
the time dimension is clearly present: policy and reform decisions are made by 
the “top” and carried out, over time, by the levels below the top. But, as the follow-
ing sections of this chapter will show, it is the implementation by the “bottom” 
layer that determines the outcome of the process. The graph in Fig. 10.2 repre-
sents this relationship.

10.2 Characterizing the Over-All Features of Our Case

As listed above, the intentions of the Faculty of Science leadership in 2002 were 
quite wide ranging: It had produced a blueprint for broad change: there should be 
fewer separate bachelor degree programs at the point of admission, to give each 
incoming student a broader and simpler initial view of the possibilities and a better 
and more flexible basis on which to select further specialization. The two-semester 
academic year with January and June used for examination was to be replaced by 
four short sessions each running for nine weeks, and separated by one week periods 
without classes (“block structure”). The last two weeks of every block are intended 
for examinations. New methods of teaching and assessment, including increased 

Fig. 10.2 The time development of the scope of change placed in the two dimensions BREADTH 
and DEPTH. The numbers refer to the specific intended change, and the arrows indicate the change 
in classification of the implementation up till now. Two arrows indicate that the change is being 
implemented in two different ways. (1) Redesign of courses. (2) Increased intensity. (3) The sched-
uling structure. (4) Outcomes defined in competency terms. (5) Assessment integrated in courses
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use of IT, should be introduced and. Work-study or international exchanges should 
be made more readily available to all students. And last, but surely not least, the 
contents of all degree programs should be specified in competency terms.

It is still too early to conclude much about how the new features work practice 
and internationalization worked out, therefore in our examination of the significant 
facets of the character of this blueprint we shall concentrate on:

● The block structure: redesign of courses and increased intensity
● The scheduling structure
● Outcomes defined in competency terms
● Assessment as an integral part of courses.

It borders on the trivial to observe that a process of change has to be allowed to run 
its course before any persuasive assessment of its results can be made. So the fourth 
dimension of our typology, time, obviously has to be allowed to run. However, this 
trivial observation is pertinent here, because our case is still young enough and only 
tentative conclusions are available. But even preliminary  conclusions are useful, 
because they are indications of the extent to which our fundamental thesis is sup-
ported by evidence. So we present what we can see now, and pledge to return to the 
entire issue in due course.
However, before describing in some detail the above mentioned four features of the 
process let us explain why the entire blueprint should be characterized as a plan for 
broad but not fundamental change. Broad it certainly is, since it encompasses all 
degree programs, both at the bachelor and at the Masters level (years 1–3, as well 
as years 4 and 5). But even though it attempted to bring about fundamental change, 
e.g., by making bachelor degrees single-subject degrees, and even though the stu-
dents’ freedom of choice was increased rather dramatically (the initial plans called 
for the single major subject taking up to only two years of the three year degree 
program), this was immediately watered down to accommodate joint programs, and 
to maintain certain prerequisites when preparing for admission to a post-bachelor 
degree. Moreover, ministerial rules later put some restrictions on student-electives. 
And equally significantly, many basic conditions were not changed at all: the 
efforts to “retool” teachers and give them real opportunity and time to address the 
new teaching challenges (“new methods of teaching and assessment”) were spo-
radic and more or less random, only supported by rather modest efforts of study 
boards and their chairmen and by somewhat sub-critical activity by the faculty’s 
educational centres, and without very visible and effective extra funding from the 
Dean. This approach is not one to create fundamental change, so we choose to 
describe the total plan as one for broad change of modest depth, even though, as we 
shall see, there were some aspects of the process that have the characteristics of 
fundamental change. We hasten to add that our conclusion – that the overall process 
until now is one of incremental change – in no way precludes that the stipulated 
faculty goal of making its science degrees more attractive through increased trans-
parency, cohesiveness, relevance and flexibility can be reached.

The observations that we now present, are culled from a study of a good part of 
the first year of the reform (2004/2005), when the faculty and the Centre for 
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Science Education had a monitoring group working on determining how the initiative 
had worked out. The period under observation covers most of the first year of 
operation of the new study plans (Monitoring group, 2005).

10.3 The Block Structure

One of the first major decisions made by the coordinating committee was to switch 
to the block structure, i.e., replace the two semester academic year with four short 
sessions each containing 15 ECTS of workload for the students and running for 
nine weeks, and separated by one week periods without classes. The report from an 
ad hoc working group is dated in July 2002. It followed a spirited debate in the 
committee and in the working group and, even though the decision was collectively 
taken, it certainly constitutes part of the “top-down” end of the entire process. It 
was also a decision that was made on rather skimpy evidence. The arguments in 
favour of it had to do with the possibility of making student exchanges with 
Swedish universities easier. But the real argument for the change was probably even 
simpler: to make a rather dramatic change that would force the redesign of all 
courses, and thus enable improvements! Certainly no thorough and professional 
investigation of experiences elsewhere was undertaken. Many of the arguments 
against changing to the block structure – such as the risks of rushing learning 
 processes that ought to be allowed considerable time to “settle” (the complex 
 concepts of quantum mechanics kept cropping up as an example of material that 
would be best taught and learned over longer periods than nine weeks) – were never 
really countered, and certainly not to an extent that became common knowledge 
among the regular academic staff. Thus a “confrontation” between top-down and 
bottom-up was looming: how was the redesign of new courses, made to fit the new 
block structure, going to come off?

Not surprisingly many of these “new” courses were restructured on the basis of 
existing activities. Typically, courses with a size of 10 ECTS were to be refitted into 
a half block, i.e., shrunk to 7.5 ECTS. This did not work well in all cases; some of 
the resulting “new” courses would still contain too much material, perhaps because 
many teachers traditionally think of course contents in terms of “what material 
should I be able to cover in my lectures,” (also see Bowden, Chap. 9). It could also 
be because the following course did not open up for a shift of material into this next 
course, or perhaps simply because communication between teachers was  inadequate. 
In other cases the very definition of ECTS as a measure of student workload was 
not taken seriously, in other ways: one course achieved its reduction in size by 
reducing the number of contact hours, it simply cut out the exercise class hours! On 
the other hand, many of the completely newly designed courses did not experience 
this problem. A variant of this issue arose in the cases where a full block, 15 ECTS, 
was made up with ingredients from several “old” courses. This construction made 
scheduling rather easy, because the students were full time participants, but some-
times the constituent bits did not get coordinated particularly well.
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One aspect of the block structure is especially interesting; it is a narrow, but 
potentially fundamental change. With a minimum course size of 7.5 ECTS, a delib-
erate attempt was made to ensure a certain measure of “calm”: no more than two 
lines of thought (i.e., two separate courses) for the student to pursue in any given 
block. This was intended as compensation for the increased intensity that should be 
expected from the shortening of the teaching period. The initial evidence seems to 
show that this feature has worked out well: everywhere we have asked students 
about the advantages of the block structure this is named as an important one.

10.3.1 The Increased Intensity

The shorter blocks (nine weeks compared to twenty weeks in a semester) have made 
the increased intensity an important theme in the way students and teachers perceive 
the reform. One of the intentions was to squeeze more effort out of the students by 
making it clearly necessary to study seriously from the very beginning of the block 
– and this seems to have worked! Everybody, teachers and students alike, have to 
buckle down and get going from the first day of the course, when only nine (and in 
some cases only seven) weeks are available. The students do not necessarily like this 
effect – but there are many reports of considerably increased efforts. Similarly, the 
teachers experience the increased intensity as an increase in the demands on their 
time and attention. This increase is probably a significant contribution to the increase 
in quality of teaching delivered, even if the teachers involved do not necessarily like 
it immediately. Most people do recognize, however, that there is compensation to be 
found for each individual teacher in the possibility of having blocks, every year, in 
which no scheduled teaching is required. But this particular part of the overall 
change, again in itself a narrow change, may well be another example of a nearly 
fundamental change – if the block structure is allowed to last! Certainly the students 
feel some ambiguity about the intensity. Some explain very happily about how they 
enjoy getting the work done from the beginning – they acknowledge the need to be 
pushed. Others focus on the potential problem of being stressed because of the 
higher speed at which new material is being presented. This is without doubt an 
issue that displays the heterogeneity of students.

The intensity of every course has also increased the importance of teacher col-
laboration. There are surprisingly many courses at the Faculty of Science that 
employ teams of lecturers (as well as teaching and/or lab assistants). This is either 
due to tradition or because of the variety of topics dealt with (or both) within the 
course. The number of students taking the course may also justify it. But even so, 
the new structure with its rather low number of concurrently running activities 
(from the view point of the individual student) has increased expectations of better 
teacher coordination, both from students and from the “system.” The greater inten-
sity of the teaching also means that just one miscommunication between the teacher 
in charge of the course and the other teachers could result in the loss of a significant 
part of the entire course. So the initial incremental change in intensity could per-
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haps, with time, result in a more fundamental change: the change of the teaching 
culture from an individual egocentric one to a more collaborative and common one. 
This may well be more of a modest hope than a realistic prediction, if this change 
is not promoted by other incentives supporting teacher collaboration. Bowden, 
(Chap. 9), has even sharper things to say on this.

Another aspect of the change to block structure might be called the “transitional 
issue.” By transitional issue we mean the coordination between contents and out-
comes in a given course and that of later courses, for which the former is a prereq-
uisite. The total number of courses that a typical student will take in the complete 
degree program is probably not very different from what it was earlier, so the 
number of transitions should not be significantly changed. But at the beginning of 
the studies the course size has typically decreased slightly, so that many students 
will take eight courses in the new structure in the first year, while earlier it might 
have been a matter of passing only four, or perhaps six courses: and there are four 
transitions every year instead of two, because of the four blocks instead of two 
semesters. The biggest transition problem probably arose from the lack of homoge-
neity in the structure (and expectations) of the courses, where some were com-
pletely new designs, and others were run as very close copies of earlier courses 
from the previous study programs. All in all the initial phase of the whole process 
has displayed this aspect as a somewhat deeper change than anticipated. This also, 
in all likelihood, has to do with the fact that the teachers generally did not have the 
energy to familiarize themselves with the changes made in other courses than their 
own. So we expect this problem to decrease with time.

On the issue of block structure we conclude tentatively that the courses taken as 
a whole have not changed as much as was expected. There is a lot of inertia in the 
way the studies are traditionally divided into courses. This has only changed in a 
few subject studies, most significantly in chemistry. But all courses had to renew 
their internal structure to cope with the increased intensity. So we classify the 
change to block structure as a broad and moderate change.

10.4 The Scheduling Structure

The reform has imposed a scheduling structure which gives the individual course 
complete control (in principle!) if the course is a 15 ECTS unit, and one full day 
plus one half day (plus study time away from the university) if the course takes up 
7.5 ECTS units (one half of a block). The scheduling structure was chosen partly 
to facilitate the classroom scheduling itself and to create more opportunities for the 
students to choose courses across subjects, and partly to allow for teaching 
approaches that went beyond the classical lecture. Although some actually tried it, 
nobody can lecture for eight consecutive hours in a row, at least not with great 
student outcome!

The resulting reviews are mixed. It has become clear that the successful use of 
a full day’s student presence, without formalized teaching at all times, depends a 
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great deal on rather careful planning. It also depends on a certain amount of 
restraint on the part of the teachers: the temptation to schedule too many lectures is 
great. Many university teachers still think that the best way to ensure proper learn-
ing is to lecture on the material, (cf., Bowden, Chap. 9). However, in cases where 
this trap was avoided, it has been reported that students were significantly better 
prepared and much more active during class sessions. But again, as an aspect of a 
mandate for change, this is an interesting example of a formal and narrow admin-
istrative change, and a narrow, but potentially fundamental change, when viewed as 
an aspect of the basic conditions for teaching and learning. It is our view that this 
change is heading in the direction of being more and more fundamental because it 
makes it impossible to use lecturing as the only teaching method.

10.5 Outcomes Defined in Competency Terms

When we now describe the process resulting from the decision to make the degree 
programs outcomes driven, i.e., to make them defined in competency terms, we also 
get a good example of the discrepancies between the top-down and the bottom-up 
processes. One of the overall goals of the blueprint was to sharpen the educational 
profile of the degree programs. The educational intentions should be made explicit. 
When these intentions included aims like “enhanced mobility and flexibility,” and 
“increased differentiation of perspective, e.g., depending on individual career 
plans,” as well as “better interaction with society,” the traditional ways of defining 
a university degree as the union of certain courses and projects – most of which are 
defined by means of lists of topics – would necessarily have to be discarded in 
favour of more outcomes based specifications. The coordinating committee decided 
instead to make use of competency specifications. It was realized from the outset 
that such descriptions would have to be created on several levels, with the general 
ones, covering entire programs, to be formulated at the level of the coordinating 
committee; while specific professional competencies, in particular those at the 
individual course level, would have to be dealt with by subject specialists. This 
approach to educational design is well known and has been rather thoroughly 
tested, for instance at Australian universities (Bowden, 2003), but it must be said 
that experiences from other universities were not studied very much here, and con-
sequently not relied very much on, either. The results have been mixed. But where 
the competency specifications have been formulated in concrete and operational 
terms, the people involved have found them useful. From chemistry comes the 
statement that these specifications were useful for the students because “this way 
they become acquainted with what they are actually expected to learn.”

Not surprisingly, this “homemade” approach has created its own problems, and 
notable among these is a certain gap which has yet to be adequately bridged: a 
working group reporting to the coordinating committee in November of 2002 pro-
posed, and had accepted, the following general competencies (we have chosen to 
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translate the Danish terms from Science Faculty, 2002 without regard for the many 
descriptive terms already in use in English; the working group was not relying very 
much on established terminology or research. We suggest that the reader’s attention 
is on the defining statements):

● Professional competencies, referring to knowledge of theories and methods 
within the particular subject area

● Application competencies, referring to the mastery of putting professional compe-
tencies to use in other professional fields (e.g., the use of mathematics in physics)

● Societal competencies, referring to all kinds of interactions between the individ-
ual possessing (or not!) this competency and his/her surroundings, and, finally

● Personal competencies, referring to personal communicative skills, ability to 
cooperate, etc.

The individual study boards were requested to comment on these concepts, and 
particularly to assess their usefulness when it came to translating them into  specific 
educational efforts. A rather typical response said: “…So, can we use these four 
competencies to describe and to distinguish among our bachelor and candidates 
degrees? We feel that the answer ought to be “yes” at least in the sense that we 
haven’t been able to come up with anything better.” This board then proceeded to 
make use of another, already existing set of subject specific competencies! Or, in 
some cases, to make competency goals that not only failed to establish a relation-
ship to the general competencies, but did not even use this existing set of subject 
specific competencies: “At the conclusion of this  [mathematics] course the student 
should be able to follow and reproduce proofs, to solve problems with and without 
the use of [a particular mathematics computer system], and he/she should master 
the subjects described below [referring to a list of topics]”. The use that students 
and teachers on this course wound up making of this description need not concern 
us here, but the distance in this instance between the “top” and the “bottom” of this 
reform process is rather obvious.
The introduction of competency-specified degree programs must be classified as a 
broad and potentially fundamental change. Fundamental because its goal is to make 
every teacher choose all content with due respect for – not tradition or opinion – but 
the specific, desired competencies of that particular educational element. But at the 
same time, because its execution depends on what many faculty members view as 
a radically altered mode of thinking about educational goals, its success is likely to 
require a much more thorough and professional approach. Not only is there the risk 
of conflicts of top-down versus bottom-up type, but this risk is also present because 
there is undeniably a major task of raising the level of consciousness among faculty 
of the significance of making degree plans (and their implementation!) outcomes 
based. Perhaps the introduction of good quality assurance programs will succeed in 
such a monumental task. Otherwise the current effort is in danger of being another 
example of broad but modest change, and one supporting the claim that research-
driven universities have a way of turning even great educational schemes into 
incremental changes.
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10.6 Assessment as an Integral Part of Courses

As described earlier, it has been one of the goals of the reform to change the rather 
traditional use of assessment to a more diverse and modern one. It has been com-
mon at the Faculty of Science to assess at the end of a course, most often by a 
standard four hours written exam. The exam could be open-book or it could be 
closed book. All exams took place in January and June, and there were very rarely 
any classes in the exam periods. With the block structure this is being changed in 
an interesting way: if a course wants to make use of the traditional kind of examina-
tion – written or oral – at the end of the nine weeks, the course has seven weeks for 
teaching. But if the course is able to integrate assessment into the normal teaching 
– for example by using project work or papers written during the course – then the 
course is allowed to make use of all nine weeks. This means that the teachers have 
an incentive to change the examination forms. Why? Simply because they – or 
some of them – want to get more time for teaching!

The blueprint called for new methods of teaching and assessment, and in the 
case of assessment there were expectations of the adoption of many new forms to 
supplant the classical written exam at the end of the term. It has been clear that this 
classical form has not disappeared, but the monitoring group found strong signs of 
the employment of a rather large variety of assessment methods. There was also 
evidence of increased activity level among students in the courses where continu-
ous assessment (for instance weekly hand-ins of homework problem sets or essays) 
was used. This was not very surprising. Not quite so clear was whether the outcome 
was better, for instance as measured in performance later on in the studies. In some 
cases there was a discrepancy between the way in which a course was run (includ-
ing the kind of issues and problems that were covered during term) and the way the 
final exam tested the students. This is not a new problem, but may well have been 
accentuated by a mismatch between efforts to reform the course itself and lack of 
efforts to design appropriate assessment. It is through observations such as these 
that we see that the entire change was not sufficiently thoroughly planned and pre-
pared: efforts to inform about assessment options were probably not sufficiently 
extensive and pervasive. The result has been that, in some cases, new assessment 
methods have been abandoned again and the older approaches have reappeared. 
Thus we see indications that a change, intended as a rather broad and fundamental 
one, over time may well degenerate somewhat and in the end be classified as a nar-
row change – although it is still fundamental in those cases where assessment is 
carried out in alternative ways to the classical written exam, e.g., project work with 
an oral exam, or as continuous assessment.

Of course, it has been very interesting to see how course assessments really 
turned out. We now have data from two years of first year students and we can 
compare this data with the last year before the reform was started, in the academic 
year 2002/2003.

As shown in Fig. 10.3 the result at faculty level (last column) from 2002/2003 
to 2004/2005 is rather good – and even better in 2005/2006, although the improvements 
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are small. But when you look at 2002/2003 and 2004/2005 for the specific subject 
study, e.g., mathematics, computer science, chemistry and biology, there are great 
differences. Over all chemistry has the greatest improvement in completion rate 
while biology actually has a decrease from the 2002/2003-level. And when you 
compare 2004/2005 with 2005/2006 on subject level, the picture is getting even 
more diverse: what goes up one year, goes down the next, and vice versa. Why is 
this? We think that this is an important indication of the fact that it is impossible to 
draw any simple conclusions on the impact of the reform from completion rates. 
One cannot say that the quality of teaching has gotten worse just because the com-
pletion rate is going down and therefore you cannot say that a better completion 
rate is due to better teaching.

Our best explanation of the results in Fig. 10.3 is that “completion rate” is a very 
complex quantity. It is influenced by many factors, not all of which are in the hands 
of the university, e.g., student intake. Actually we have the impression that when 
intake goes up, the completion rate goes down – and vice versa. We know this has 
been the case for chemistry, actuarial science and geoscience in the years covered 
by Fig. 10.3. Of course there are many factors that influence completion rate which 
the university can control: changes in assessment, teachers, administrative support, 
etc. All in all, the complicated situation surrounding completion rates is highly 
worthy of study, but we should warn against making completion rates the only 
measure of success.

Fig. 10.3 Completion rate for first year students for the academic years 2002/2003, 2004/2005, 
and 2005/2006. This rate is calculated as the “Completion of Full Year Load” (STÅ) for first year 
courses divided by the student intake
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10.7 Conclusions

As we have already indicated our conclusions are based on observations and reflec-
tions on a very complicated process, a process which is very much still in progress. 
So the next statements are rather tentative. Regardless of this, a good way of sum-
ming up the adopted and implemented changes described in this chapter is to place 
them in the field of depth and breadth as shown in Fig. 10.1. This is done in 
Fig. 10.2, where the arrows are to be taken only as indications of the change in 
scope of the changes.

We have already pointed out that our (preliminary) conclusion concerning the 
modesty of the depth of change is based on the inadequacy of the resources pro-
vided for the preparation and implementation of these changes. This affects the 
chances of success of the plans and intentions of the “top level,” because the con-
servative tendencies at the “bottom level” have been given rather better chances of 
remaining present. Another contributing factor comes from the decision making 
structure at the Faculty level, combined with that at the local level (the many sub-
ject-specific study boards): here we refer to the fact that the scientific judgments 
concerning what the individual degree programs should contain rest with the study 
board, and that this power includes the power to determine the framework for teach-
ing, if not the specific teaching methods, as well as the power to decide how to 
assess. These consequences include various results of a certain “we-can-do-this- 
and ourselves” approach that has been present in the process. Again we can observe 
the balance of power between the top level and those below, as it has expressed 
itself, also over time. It should be emphasized that this attitude has some significant 
and positive effects as well: it enhances ownership, and thus probably has tended to 
limit alienation from the process among the regular teaching staff.

Nevertheless, incremental changes are likely to be the result when change is 
initiated in a setting in which there is little if any tradition for formalized manage-
ment of educational development. Both the study boards and the faculty administra-
tion are good at managing status quo with only small changes. But when it comes 
to leading big radical processes of change, they have no experience to draw from. 
There seems little doubt that the potential for moderate, perhaps even fundamental, 
change processes will be enhanced if more attention is paid to how to lead the proc-
esses in a way that engages and commits all staff in the process.

But enabling such a change of climate will not come easily: it will necessarily 
have to entail an acceptance, on the part of the faculty, of the gradual changes in 
the role of teaching at universities. The continental European university tradition 
has viewed students as independent adults, whose activities as students were only 
to be measured by their performance at exams. This tradition has been under 
political pressure, and quite a bit of the Anglo Saxon tradition, where rather more 
responsibility for the progress of students rests with the educating institution, is 
now becoming part of the philosophical luggage of institutional educational the-
ory. Universities assume a share of the responsibility for students’ success when 
they admit a young person to a degree program; thus the pressure to make use of 
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a broader spectrum of relevant educational tools has increased – and the change 
process that we have examined here attempts to make this happen. It is clearly not 
an easy process. As we have pointed out, this reform must cope with:

● The generally low level of insight among academic staff into pedagogical 
options

● The grey zone between maintaining academic standards and modernizing teach-
ing and assessment techniques

● The difficulties of establishing quality assurance criteria for teaching which are 
on the same level of “seriousness” as those that prevail within research

● A hitherto somewhat wobbly decision making process within the university.

How well this process will succeed remains to be seen. But we hope that we have 
provided at least a convincing, albeit perhaps partial answer to the question posed 
in the headline. Behavioural change is not easily achieved, and it depends very 
much on how thoroughly the changes are being prepared and carried out. At the 
base of this lies of course the substantial independence of university teachers 
regarding what goes on in the classroom, as also pointed out by Bowden, (Chap. 9). 
Without the commitment of the teacher to the change process it will not take place 
in the way intended. Bowden reaches a stronger conclusion than do we: no change 
in teaching and learning practices will be effective unless the teachers’ ways of 
seeing their roles are changed. The question is, how to bring about such change.
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Chapter 11
The Role and Means for Tertiary Didactics 
in a Faculty of Science

Camilla Rump and Carl Winsløw

Until a few years ago, university teaching of science was considered the 
 specialists’ private craft in Danish research universities. Excellent research 
remains the main parameter in young scientists’ careers. But for the same reasons 
as elsewhere – including broader student populations and higher demands on 
efficiency of educational programmes – universities are increasingly preoccupied 
by the quality of their teaching, as are funding authorities. The notion of quality 
may be rather vague, and the means for improvement similarly unclear. This 
chapter is an attempt to analyze the potential roles and contributions of the didac-
tics of science and  mathematics towards the articulation and response to these 
demands for “quality teaching”. In the continental European tradition, we talk 
about the didactics of a subject (such as geometry or physics) when we refer to 
the study of teaching and learning of that specific subject, as explained by, e.g., 
Chevallard (1999a). Notice that the subject area referred to may be very specific 
(e.g., “Newtonian mechanics”) or very general (e.g., “(natural) science”), although 
it is often an institutionally established discipline (e.g., physics).

The pressure on universities for improved “throughput” manifests itself in 
numerous ways but primarily through a broad scope of “top-down” initiatives (see 
Horst and Laursen, Chap. 10). Political or administrative demands may or may not 
originate in genuine pedagogical considerations, and it may or may not result in 
initiatives that are helpful for improving teaching quality. However, if we leave it 
to the individual university teacher to interpret these demands, they may often be 
seen as unnecessary additional administrative burdens rather than helpful tools for 
improving teaching quality. Since the result of any initiative intended to affect 
teaching (or learning) depends, ultimately, on the actual educational activities initi-
ated by teachers, un-mediated top-down initiatives are likely to have either no effect 
or even a negative effect, if teachers spend time on something they perceive as 
irrelevant extra administration and less time on students and teaching.

On the other hand, the past 30 years of experience show that if teaching is not 
focused but is left to the individual autonomous teacher, teaching is unlikely to be 
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adapted to changes in student populations or to new didactical knowledge, for 
instance about more effective teaching methods for a given subject. Even if 
resources in the form of didactical research knowledge are present and readily 
available, incentives may be lacking to use these resources. Thus an exclusive 
bottom-up approach to improving university teaching is no more likely to be effec-
tive than an exclusive top- down approach. In some institutional contexts, the idea 
of distributed leadership described by Bowden (Chap. 9) may be a way to think 
about alternatives.

We will argue that if top-down initiatives are mediated by agents who are able 
to convey didactical knowledge and facilitate a common learning process 
 involving the teachers on how to teach the particular subject knowledge in the 
 particular institutional setting, quality of teaching may improve considerably in 
the sense of improved student learning. Furthermore, a didactical analysis, 
which will always be specific to subject matter, e.g., in the sense of core curricu-
lum, core competencies and sequencing, are more likely to transfer to other 
institutional contexts than general pedagogical ideas about teaching methods, 
detached from contents. This is because university teachers’ main interests and 
competencies are typically closely related to their subject matter knowledge, 
rather than to pedagogy at large.

Didactics could serve three different but related roles in a faculty of science 
within a university, of which at least the first two are similar to that of any other 
scientific field:

1. An area of scientific research, developing new knowledge – in this case 
about the teaching and learning of mathematics, physics, chemistry, biology 
and so on

2. A subject to be taught to students – in this case particularly to students aiming 
at a career as a teacher

3. A body of knowledge to be used for developing the teaching of the faculty of 
science at large, both through development projects of various types and through 
dissemination to faculty members in seminars, courses and so on.

These roles are potentially related. If research (1) is understood as pertaining to 
university level teaching, the potential interaction of (1) and (3) is concrete and 
direct. Our focus in this chapter will be mainly on this interaction. Didactical 
research pertaining to lower levels of education at which university students aim to 
teach later on will be more clearly related to (2).

If the didactics of a scientific discipline X is institutionally present in a faculty 
of science, it becomes important to relate it to the research and teaching of X. The 
simple picture in Figure 11.1 (adapted from Winsløw, 2006) will serve to guide our 
discussion.

Here, the horizontal arrows mean that the teaching of a discipline – especially at 
university – takes as its object the knowledge developed and maintained by 
researchers, although for a closer analysis this knowledge is necessarily trans-
formed or transposed in order to become teachable (Chevallard, 1991). The third 
arrow indicates that the object of the research done by didacticians of X is, roughly, 
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the teaching of X. In Sect. 3, we shall refine this description considerably. In par-
ticular, we elaborate the above model in order to explain what is in the empty 
bubbles.

We should however note that to us, research on the didactics of X is closely 
related to development of the teaching of X, although they are also distinct. A good 
model for this relation and distinction is that of didactical engineering (Artigue, 
1994): while systematic development work may take on a local character, aiming 
to improve the teaching in a particular context (e.g., a course on mechanics), 
it can benefit from results and methods coming from research. But, conversely, 
research – with its demands for validity and meaningfulness beyond the particular 
context – can also be carried out in a development context, to the extent that the 
developmental design is constructed and evaluated with such generality in mind. 
This often implies a process of cycles of development, with careful attention paid 
to the didactic variables, i.e., teaching and content elements that are being 
worked on, as well as to the constraints linked to the particular context. The anal-
ogy with engineering lies in the fact that even results of didactical research can 
rarely be regarded as reproducible in the sense that designs can be simply trans-
ferred from one context to another – just like every construction of a bridge must 
take into account the relevant local conditions. Furthermore, engineering research 
also often arises from specific problems encountered in engineering projects. 
This is why careful analysis and declaration of local constraints is so important. 
It does not mean that we can know nothing about teaching (or bridge building) in 
general, but it means that we cannot hope for designs that can be directly trans-
ferred to any other context.

In this chapter, we will do three things in order to clarify and exemplify the 
above remarks:

● Describe briefly our engagement in the development of university level teach-
ing, through two concrete cases from our work

● Introduce elements of the so-called “Anthropological Approach to Didactics” 
(which originates in the didactics of mathematics) and use it together with the 
cases to present a model of the role and means of didactics in improving univer-
sity science education

● Give a perspective on the role of didactics in the institutional framework of a 
faculty of science.

Fig. 11.1 Research and teaching in sciences and their didactics: What is researched? What is 
taught?

X (nat. sci. discipline)

Research &
Development

Teaching

Didactics of X
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11.1  Two Development Projects at the University 
of Copenhagen

In this section, we will briefly introduce two examples of development projects in 
which we have been recently engaged. Both projects arose from the so-called study 
reform at the Faculty of Science at the University of Copenhagen, where the struc-
ture is changed as follows (see also Horst and Laursen, Chap. 10):

● From two semesters a year to four so-called “blocks” of nine weeks including 
assessment

● During each block, two 7.5 ECTS points courses run in parallel, and
● A common week-schedule is introduced with 4-h slots; each course is assigned 

1½ days a week, that is, a day with one 4-h slot and a full day with both 4-h slots. 
This means that students attend courses for a maximum of 24 h per week, with 
at least one scheduled day off.

11.1.1 A Development Project in First Year Physics

The re-design of the entrance course to the Bachelor of Physics programme of the 
University of Copenhagen, Physics 1, originated in a common ambition of a didac-
tician and the main teacher of the course to improve students’ understanding in 
general, and to increase the number of students who pass with an acceptable out-
come in particular.

The Physics 1 course covers most of classical Newtonian mechanics. The need 
to re-design this course, as a consequence of the study reform, was seen as a most 
welcome chance to rethink the whole course.

11.1.1.1 Design Phase

The design phase started in Spring 2004 with regular meetings and informal dis-
cussions. The experience from the 4-h written examinations in the predecessor 
course (Physics 11) was that a group of students seemed to use a surface approach 
in problem solving, resulting in a lack of ability to solve problems posed just 
slightly differently from the “standard” text-book problems. The teachers wanted 
this group of students to gain a deeper understanding.

For the didactician, the design process could be seen as part of an ongoing explo-
ration of what it takes to learn physics in a university setting. Being a didactical 
engineering project, the design group brought both general knowledge on physics 
learning and specific knowledge of the institutional context at the University of 
Copenhagen (KU) to bear. In short, the general knowledge pertains to the problems 
experienced in physics learning, obtained through quite comprehensive empirical 
studies and epistemological analyses of what it means to be a physicist. Kuhn (1970) 
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and Bowden and Marton (1998) argue that the competence of a physicist is the 
capability to conceive of or “see” the world in a certain way: The physicist must first 
and foremost be able to reduce everyday complex problem settings to a physical 
model expressed as mathematical equations. The more specific knowledge of the 
context at KU came from studies by Ulriksen (2003) and Hasse (2002) who describe 
the dilemma in traditional first year physics between the teachers’ emphasis on curi-
osity and creativity as important capabilities of a physicist and the typical overloaded 
curriculum with focus on standard problem solving and “cook-book” labs, from 
 different perspectives. The design process and the underlying analysis are further 
elaborated in a report by Rump and Horst (2005).

Empirical studies show that Newtonian mechanics is difficult to learn, because 
the laws of Newtonian mechanics, in many cases, contradict our everyday knowl-
edge of causal relations in nature. Many students’ experiences of the laws are 
counter-intuitive. For instance, Newtonian theory takes as a starting point that if 
objects are not affected by a force they move at constant velocity. Contrary to this, 
every-day experience tells us that if objects are not affected by a force, they lie still. 
This is also the starting point of Aristotelian mechanics, which is why our everyday 
knowledge is sometimes referred to as Aristotelian mechanics. This means that 
most people will have to learn to conceive of everyday problems differently in order 
to solve physics problems. The studies show that this process is hard to bring about 
(see e.g., Kim and Pak 2002).

Analyses like the above led to the idea of “illustration exercises”. The basic idea 
was to take the demonstrations out of the lecture hall and into the lab. The value of 
demonstrations in lectures for student understanding has been increasingly ques-
tioned by empirical studies (e.g., Crouch et al., 2004). Instead we thought that 
students would appreciate the hands-on experience of doing small experiments, 
which could illustrate simple physical causal relations. Furthermore the intention 
was to promote creativity and curiosity among the students.

Out of the discussions emerged a set of learning goals for the new Physics 1 
course:

● Students should be able to reduce everyday complex mechanical problem set-
tings to a physical model expressed as mathematical equations. The notion of 
“Everyday complex mechanical problems” is similar to the notion of “context 
rich problems” as used at the University of Minnesota (web page, “Context Rich 
Problems”, see references). We use this term henceforth: students should be able 
to solve context rich problems.

● Students should be able to design and perform little experiments demonstrating 
central relationships and notions of the theory.

The schedule of the course and allocation of classrooms etc. was done by the study 
board, which set up a certain frame for the course. This resulted in a schedule 
made up of 2-h calculation exercises followed by a 2-h lecture twice a week and a 
3-h lab with illustration exercises in between. In order to allow students some 
basic practice, it was decided that one of the 2-h calculation exercises should con-
tain standard “end of chapter textbook problems”. The other calculation exercise 
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slot should contain context rich problems, which we suggested be solved in 
groups. The illustration exercises were formulated as open-ended design ques-
tions, like: “Design a clock, which can measure 2 min”. The students would have 
to hand a box with springs, a ruler and some weights, a statement of Hooks law, 
but no description of how to do it. Furthermore, they were asked some thought 
provoking questions, like “How does the mass of the spring influence the precision 
of your clock?” or “Without a precise clock, how could Galileo demonstrate the 
period for the harmonic oscillator?”

11.1.1.2 The Implementation

The lectures were given by the main teacher and made some use of the so-called 
“peer-instruction” format, where the lecture is periodically interrupted by a concep-
tual multiple choice problem, like “How does rain affect the speed of an open train 
wagon?” Students then vote on the answers by raising a sheet with a number for 
their answer and if a large group of students vote for the wrong answer, they are 
asked to take a buzz meeting. Then a new vote is taken. Usually then, the large 
majority will vote for the right answer, which can then be discussed.

The calculation exercises were taught by a group of physics teachers mainly 
recruited from the permanent staff, i.e., physics researchers. This group of teachers 
was appointed only a few weeks before the beginning of the course and therefore 
only had a short period of time to get acquainted with the ideas behind the new 
design. The teachers particularly expressed some doubts on how to handle the illus-
tration exercises. Consequently we held a workshop containing a role-play of an 
illustration exercise. Apart from some practical problems, these exercises went 
well. We also tried to argue that the traditional recitation classes which usually 
constitute the calculation exercises be at least partly replaced by problem solving 
in groups – especially with the context rich problems. In practice, the format varied 
a lot. One class out of five almost exclusively used recitation of the standard prob-
lems, but the other four mainly used one-hour group work, one-hour recitation.

The role of the didacticians in this phase was data collection and participation in 
the weekly one-hour lunch meetings. Two questionnaires were administered to the 
students at the beginning and at the end of the course, the so-called Force Concept 
Inventory (FCI) and The Maryland Physics Expectations Survey (MPEX). Results 
from these are reported elsewhere (Rump and Horst, 2005).

Our data also include a detailed written student evaluation and a focus group 
interview after 5 weeks and 5 individual interviews at the end. We also observed a 
number of classes and illustration exercises.

11.1.1.3 Reporting and Reflecting

All in all, the new format was successful. In particular the illustration exercises 
turned out as we had hoped. The students seemed to appreciate them and were 
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working in an engaged manor and seriously or the full three hours, sometimes 
longer because they became inspired to make new designs and experiments. The 
teachers in the following lab course report a significant difference in behaviour of 
the students in the lab. Despite the fact that this is a traditional cook book lab, the 
students now perform the experiments in a much more experimental way (!) – much 
more along the lines of the original intentions with physics labs. Indeed, the experi-
mental skills of the students seemed to have improved considerably compared with 
earlier years.

This time 82% of the students passed the course. The passing rate for the earlier 
version of the course, Physics 11, was typically 65%. Many circumstances,  including 
the study reform mentioned above, make the direct comparison of these numbers 
problematic. In particular one cannot infer from these numbers alone that the students 
learned “more”. In fact, measures from the FCI are similar to previous years. However, 
the students worked hard: on average around 20 h a week, including 10 h of homework. 
Moreover, it is certainly a positive reality for the university and for the students that 
fewer students failed in what is usually their very first university course.

The role of the didactician in this project has been mainly to study student learn-
ing and reflect on the results together with the teachers. In this case, the didactician 
involved did not have a background in physics, but in computer science engineer-
ing. She had, on the other hand, studied students’ conceptual understanding of vari-
ous engineering fields and students’ learning of mechanics for some years. This 
was clear to the main teacher from the beginning, but it took a while for the group 
of teachers to learn how to use this in a constructive manner during the process. 
A certain hostile attitude was present to begin with: “Who is she to tell us how to 
teach physics, when she can’t even do it herself?” Only later in the process did the 
teachers start to appreciate the access to knowledge of students’ learning processes 
obtained from data collections and other studies. Although knowledge sharing may 
be the ideal of such collaborative processes, there is often not much experience at 
universities of collaboration among people with different backgrounds. Usually, an 
important characteristic of a research groups is that the background knowledge of 
the group members is extremely homogenous. In teaching this could profitably be 
different, although the tendency for increased competition among academics may 
be an obstacle to teamwork even in this area (cf. point (5) in Bowden’s framework 
described in Chap. 9).

11.1.2 A First Year Course on Probability and Statistics

11.1.2.1 Context

SaSt1 is a basic course in probability theory and statistics, taken by mathematics 
and statistics students during the first three months of their university studies. For 
the mathematics students, it is one of two mandatory courses on these topics in their 
study programme (elements of probability and statistics are required in Denmark 
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for qualifying to become a high school teacher in mathematics). For the students of 
statistics and related disciplines, including actuarial science, it is simply the first in 
a long series of courses on probability and statistics. In other words, the course is 
directed towards two distinct groups of students: some for whom statistics and 
probability is at the heart of their study programme, and some for whom it is a more 
or less a auxiliary requirement – in particular for the mathematics students who will 
typically not take more than the required courses in this area.

This course was running for the first time in 2004, the year we were engaged 
with helping the general design and following the implementation of the course. 
One of the reasons for creating the new course was the decision to give one course 
for the mixed audience just mentioned, as the two groups had previously taken 
separate courses on probability and statistics. The other main reason was the study 
reform at the University of Copenhagen described above. Besides these new chal-
lenges of a mixed public and a short, intense course period (eight weeks where the 
students work half time on this course), SaSt1 also faced the situation of being a 
part of participants’ entrance to the university. For all these reasons, it was clear that 
simply repeating (parts of) the old courses was not an option.

11.1.2.2 Our Tasks

The two main problems for this project, defined in collaboration among two didac-
ticians and the two main teachers, were the following:

● How to design the course so as to make use of the short but intense study period
● How to assess the students’ work (the study plan requiring a “continuous”, as 

opposed to “final” form of evaluation).

The teachers had heard about thematic projects (see Grønbæk et al., Chap. 4) and 
were interested in using a similar format to that in the present course, as a kind of 
simultaneous answer to the two questions. Besides contributing to these general 
aspects of the course design, the didacticians should also follow the development of 
the course and report on it to the teachers and the study board, with particular focus 
on how the designs work as solutions to the two problems.

In terms of content, the course should provide an introduction to basic notions 
of probability theory and statistics based on discrete distributions and (counting) 
data. In particular the binomial distribution was to be a leitmotif.

11.1.2.3 The Design Phase

The format for thematic projects (cf. above) presupposes a final oral exam, and was 
developed for a more advanced and theoretically oriented course. The teachers had 
two or perhaps three larger projects in mind for the course, but it was quickly 
agreed that it would be better with smaller, more manageable projects to be deliv-
ered and assessed each week in order for the students to have more continuous and 
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less “high stakes” feed back on their work. The teaching had already been planned 
with 6 lectures (given by the main teachers) and 6 exercise classes (given by 
instructors); these 12 h of teaching completely fill the full and the half-day set aside 
for the course. It was decided that two of the exercise classes be set aside to work 
on the thematic projects (with guidance from the instructors) while the four remain-
ing were used for doing and discussing more simple training exercises, partly as 
preparation for the weekly projects. The lectures would, as usual, mainly be con-
cerned with introducing and exemplifying the material covered in the textbook 
(actually, lecture notes written by the lecturers in advance). The didacticians observed 
that it might be an idea to convert one or two hours of lecture to guided project 
work, but the teachers finally chose to maintain the original schedule.

11.1.2.4 The Implementation Phase

The actual formulation of the weekly projects – as well as all aspects of the 
 teaching – was done by the teachers, and except for some discussions on project 
formulations, the main role of the didacticians in the implementation phase was to 
gather data on the development of the course (including focus group interviews 
with students) and to report back to the teachers. The didacticians had a few 
 meetings with them during the course. The most interesting discussions were those 
concerning details of the formulation of weekly projects, based in part on observa-
tion of students’ work with them. In particular, the use of a Maple-based software 
for simulating binomial distribution was an interesting but also difficult element in 
some of the projects. Also, although the hearts of the projects were naturally tasks 
for the students to solve, the formulations of them were in general rather long (two 
to three pages) with extensive instructions and explanations. In some cases the 
didacticians suggested a more concrete approach to some of the theoretical points, 
allowing a reduction of the instructions and guidelines for students. Typically, this 
would imply that they begin the project with a characteristic example or data set 
and increase the level of abstraction in later tasks (which could be partly optional), 
rather than introducing theoretical points first through “guided tasks”, and then 
applying them to a case. However, despite the existence of such rough principles, 
it is not easy to formulate coherent projects with tasks that allow for a certain 
student autonomy and reflection, and at the same time remain realistic for students 
to solve meaningfully within a few days and in the first weeks of the students’ 
university life.

11.1.2.5 Reporting and Reflecting

The observations, and other collections of data during the course, led to a number 
of recommendations, most of which were of a rather practical nature. It must also 
be said that in several important respects the course was a massive success:
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● The students worked hard on pertinent matters and they generally felt that their 
profit from the course matched the effort, even if about half of the students felt 
the required effort was too large

● The completion rate (students who passed among those who enrolled) was 
considerably higher than in preceding courses (about 80% against 50–60%; 
in fact as many as 93% passed among those students who participated in one 
or more projects, where passing required at least six accepted projects 
among the eight which could be done). The comments made before on non-
comparability of passing rates apply also here, because the whole programme 
had changed.

The major corrections suggested for future runs of the course are mostly concerned 
with developing the format and formulation of weekly projects:

● Projects should be more focused on specific, clear goals, with clearer criteria for 
acceptance and better feed back

● More self-differentiation and options in the project work, as well as more 
autonomy, could be achieved but would require that the guidance of groups be 
strengthened, both in quality and quantity

● A better coherence among different parts of the course, in particular between the 
projects and the lectures, would help to enhance the students’ experience and 
profit from the course. Any changes should of course be made with due observ-
ance of the fact that the student workload is probably maximized, if not too high, 
in the observed run of the course.

The didacticians involved (namely the authors of this chapter) are not experts in the 
field of probability theory and statistics – although they surely know the subjects 
taught in the course. Their main function with respect to the essential – the work 
assigned to students – was to suggest alternatives, often in the form of questions, 
and to focus mainly on global aspects of the course within the given frames. 
Besides the suggestion to reduce the lecture time, these frames were not questioned 
in the project.

11.2  Analysis of the Cases Based on the Anthropological 
Approach in Didactics

The cases described above give examples of what can be found in the lower left 
bubble of Fig. 11.1. To do research and development projects on university 
mathematics and science teaching is an example of a particular form of human 
practice which involves articulated reflection on and justification of actions. In 
this section, we explore a model for such practices (or praxeologies), developed 
within the framework of didactics of mathematics. The point will be that all four 
bubbles of Fig. 11.1 are families of praxeologies and that the anthropological 
approach enables a closer analysis of their interaction, which will be demon-
strated in the cases.
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11.2.1 The Anthropological Approach to the Didactic of Science

This subsection gives some key points from work by Yves Chevallard (1999b) (see 
also Barbé et al., 2005), in order to make the chapter reasonably self-contained. 
However, readers who need a deeper understanding of these points – e.g., for use 
in their own work – would clearly also need to refer to these sources.

The starting point of the anthropological approach is very general: the object of 
study is institutionalized human actions, which are considered as responding to 
types of tasks while employing corresponding techniques. Notice that the term task 
here is to be understood in a very general sense, including almost anything that can 
be described by transitive verbs with a human subject. As types of tasks, we thus 
have e.g., determine the forces acting on a given body, bake a loaf of bread, or even 
write a paper on didactics. To execute or solve tasks of a certain type in an institu-
tional setting, there will be one or more techniques (or “ways”). Clearly types of 
tasks can in principle be delimited freely, however the pair (type of tasks, tech-
nique) is not arbitrary in a given institution, as the examples mentioned suggest. 
Even if a given technique does not apply to all tasks of the given type, it can still 
be commonly thought of as one among others related to the type. The connected 
pair (type of task, technique) is referred to as a practice block.

While tasks and techniques may well exist with little or no use of language to 
describe them, it is a characteristic and occasionally crucial aspect of human practice 
that it may be explained and justified. A rational discourse about a practice block – to 
describe and explain it – is called a technology (etymologically, discourse bearing on 
techniques). Finally, the technology related to one or more practice blocks will in 
many contexts – not least scientific ones – need justification and context from a wider 
discursive level called a theory. As before, within a given institutional context, the 
pair (technology, theory) will be closely connected. It is called a knowledge block.

A praxeology consists of a practice block and a theoretical block, i.e., of four 
related elements: the type of task, which indeed is the identifying part, and a cor-
responding technique, technology and theory. For instance, determining the forces 
acting on a given body (task type) may, in some cases, be executed using the tech-
nique of drawing a vector diagram of the forces, which in turn can be explained as 
a way to visualize a (two-dimensional projection of) the forces acting on the body. 
Of course, to contextualize and justify the meaning of this, one must appeal to a 
wider theory where force is modelled by vectors in space, namely (the theory of) 
classical Newtonian mechanics.

As this and other examples show, a praxeology is often just a “minimal part” of 
larger, familiar forms of practice involving several types of tasks, several techniques 
for each task, possibly overarching technologies and one or more theories for them. 
Such a family of praxeologies is called an organization. It is still characterized by a 
family of task types that may, however, be quite huge, as the praxeologies associated 
with classical Newtonian mechanics (a physics organization). Notice that in this 
example – as is often the case with scientific organizations – organizations are often 
referred to, and thought of, as being primarily characterized by their knowledge 
blocks and in particular the theories involved; practice blocks seem to be “derivative” 
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of knowledge blocks (e.g., when we construct student exercises in a physics course 
to “activate” certain elements of theoretical knowledge). However for any person 
faced with an actual task, the order is opposite and must be associated with one or 
more praxeologies familiar to that person – even if the larger organization is well 
determined, as when a student is about to solve an exercise in a course on Newtonian 
mechanics. Both the genesis and the learning of praxeologies, including knowledge 
blocks, are of course basically related to situations where we meet tasks for which 
we do not have a technique, let alone a technology, readily available.

The main point of introducing a more general framework of human practice to 
describe educational practice is that when we want to discuss the potential and actual 
roles of didactics within a faculty of science, we need to relate several forms of 
practice (as illustrated by Fig. 11.1) and hence to analyze them within an overarch-
ing epistemological framework. Furthermore, this framework is also suitable for 
studying transpositions of “knowledge” in the common sense (including all four 
praxeological levels), which is an important part of didactical research: from science 
to syllabi and textbooks (external transposition), and from these to teaching and 
learning in universities and other educational institutions (internal transposition).

11.2.2 Analysis of the Two Cases

In both cases previously described, we have three gross types of organizations 
involved:

● Organizations from the scientific discipline to be taught (Newtonian mechanics, 
discrete distributions, etc.), abbreviated here SO (scientific organization)

● Organizations of teaching the SO (involving tasks such as designing labs, formulat-
ing a week-project etc.); these are didactical organizations abbreviated here DO

● Organizations of developing, observing and evaluating the DO (involving the 
tasks described to some extent in Sect. 2, such as to design or develop techniques 
of the DO, document the teachers’ execution of their tasks, etc.). We call these 
(didactical) engineering organizations (EO) with reference to the analogy men-
tioned at the end of first section of this chapter, bearing in mind that a particular 
EO may be more or less related to on-going research.

We now elaborate on each of these for the two cases as well as their interplay.

11.2.2.1 The Organizations of Case 1

The SO of “Newtonian mechanics” is reported to be complex and difficult to 
access. Among its most challenging task types are various forms of reduction and 
modelling where a given mechanical situation should be reduced to a mechanical 
problem and then encoded in diagrams, mathematical formulae, etc. Another grand 
type of task is to design experiments and instruments to measure physical entities 
by use of physical laws. In praxeology terms, the main challenge in teaching this 
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SO is that students already have a body of practice blocks for mechanical situations, 
but with no related knowledge (articulate) blocks: the so-called “everyday knowl-
edge” of mechanics. These practice blocks do not “match” the knowledge blocks 
of the SO of Newtonian mechanics, but rather on Aristotelian mechanics, as argued 
above. These “everyday practice blocks” then become epistemological obstacles 
for many students in their attempt to learn Newtonian mechanics (cf. Bachelard, 
1938/2002, Chap. 2). Students must learn a whole new set of scientific concepts 
(contained in the knowledge of the SO) to complement or correct conceptions gener-
ated from primary experience. This means they must learn to use the SO technology 
to interpret mechanical situations while gradually acquiring the SO discourse. 
Meanwhile, students must also learn the corresponding mathematical techniques 
and technologies (the precise epistemic status of mathematical discourse in physics 
can be argued). Thus the SO interacts with mathematical organizations (e.g., 
Winsløw, 2006).

Notice that the SO in question is, a small part of, the scientific praxeologies of 
the scientific community, whose main agents are professional physicists. However, 
before teaching it will be officially redefined in view of teaching, through text 
books, syllabi, course aims etc. This external didactical transposition of the SO 
turns it into an organization SOE “to be taught”. In the university context one will 
often assume a close relationship between the SO and the SOE.

In mathematics and physics it is recognized that sometimes the relationship 
between the SO and the SOE is not as strong: some of the SOEs in the introductory 
years are “dead” in the sense that active research is no longer performed within the 
area of the SOE. Introductory Newtonian mechanics is “dead” in that sense. There 
is research within mechanics, however it is statistical mechanics and this is only 
taught in later years of study. This raises a question of justification: why teach 
“dead” material at university? The most common and straightforward answer is: 
because the SOE of Newtonian mechanics is a prerequisite for understanding the SO 
of statistical mechanics (and other areas of physics). However, this justification 
seems to be problematic to handle in teaching: both students and teachers find it 
hard to deal with “dead” material just for the sake of later use in the curriculum. 
Another, more fruitful and solid, justification has been argued: that the theory struc-
ture of Newtonian mechanics is exemplary for all other theory structures in physics 
(and in science in general for that matter). It is sometimes even seen as an arche-
typal scientific structure. Therefore, by learning about it, students begin to conceive 
of the world as a physicist.

At universities, there is a manifest tendency to specify SOE by referring to 
knowledge blocks only (syllabi etc.), even if traces of previous teaching practice 
(such as old exam assignments), not to mention course competency aims, may give 
more precise information about the student competence which is expected by 
the institution. Recognition of the practice blocks of SO’s is in general rare and this 
is arguably a problem when doing didactical transpositions.

The aim of the DO is now to transpose the SOE to actual didactical situations, in 
order to enable students to enact selected parts of it as specified (more or less) by 
the external didactical transposition in the form of the syllabus etc. It is a main task 
of the teacher to enact this internal didactical transposition SOE→SOI. Here, SOI 
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designates the scientific organization that is actually proposed to students, whether 
presented in lectures or given through exercise assignments, lab work, exams etc. 
Certain aspects of these tasks are explained and explicitly emphasized in the learn-
ing goals set up for the development project. Thus the learning goals are part of the 
EO. By stating that students should be able to “model everyday complex mechani-
cal problems” and to “design and perform small experiments”, the goals indirectly 
state that these modelling and design tasks are among the grand types of SOI tasks 
the students should work with.

In the concrete SOI, we have the example of a (student) task, which involves 
both of the grand types of SOI tasks, namely “design a watch which can measure 
2 min”. Such a student task (belonging to SOI) is at the same time a technique to 
solve parts of the teachers task (belonging to the DO) and it could be further 
explained and justified by relating it to the pertinent parts of the SOE (Hooke’s law 
in particular) as well as an analysis of what types of SOI knowledge the students 
must mobilize or develop in order to make use of information that is provided with 
the statement of the task. A part of the DO technique is the stipulated format for the 
students’ work (here, group work), which could also be explained and justified by 
appealing to didactical knowledge (DO) about the benefits and challenges of stu-
dent interaction with this type of task.

This description illustrates how the DO is intimately related with the SOE and its 
transposition, both when more classical DO techniques (lecturing, recitation sessions) 
are employed, and when more innovative techniques (such as the illustration exercise 
labs) are used. The fact that the latter technique has been developed explicitly in 
discussions during the design phase, constitutes it as being part of a DO technology.

As already mentioned the basic task types of the EO are to support the design of 
the DO and to document and analyze its results. It is enacted by the didactician who 
employed a range of techniques, from formal and informal meetings with the 
teacher over class observations and focus group interviews to the FCI test and the 
MPEX questionnaire. Each of these techniques could be further explained and 
justified by reference to appropriate literature, namely relevant technology and 
theory from the didactics of physics or other parts of educational research, which 
in this case constitutes the knowledge block of the EO. In the description of how 
the EO was enacted, one perceives the role of institutional conditions that offer both 
resources and constraints for the use of its techniques. Moreover, the DO of the 
course Physics 1 cannot be regarded in isolation, since the subsequent course builds 
on its results and employs partly different DO techniques.

11.2.2.2 The organizations of Case 2

The starting point for this case is of a somewhat different nature than in the first case: 
a possible DO technique (thematic projects with reference to corresponding technol-
ogy and theory for its application to mathematics) and the new general  conditions 
for teaching and assessment imposed by the study reform as well as the locally fixed 
formats of teaching (six hours of lectures, six hours of exercise classes). The task of 
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DO was of course still the transposition of the given SO elements with respect to 
these constraints on the DO techniques to be brought into play.

An important delimitation of the SOE which results from the transposition, is the 
restriction to discrete distributions, in particular the binomial distribution, through 
which the basic techniques and knowledge blocks of probability theory and statistics 
were to be presented. An important and given technical element of the DO was the 
use of the lecture notes previously developed by the teachers. The justification of this 
was reference to previous experience with similar courses, thus a form of informal 
technology. This also meant that the global delimitations of this part of the SOI were 
already explicitly fixed and were not substantially focused on in the EO tasks, 
although the consideration of its relation to the inhomogeneous student population 
was in fact discussed during the process and in the final evaluation of the project.

The main tasks of the EO were then to support the design and document the 
results of a new DO-technical element and corresponding technology for continu-
ous assessment which would at the same time enhance the students’ possibilities to 
work more autonomously with selected SOI knowledge blocks than is usual with 
standard SOI tasks (as provided in the lecture notes and worked on in exercise 
classes). The knowledge block of the DO would rest on knowledge about thematic 
projects (Grønbæk and Winsløw, 2007), but had to be rearticulated in the current 
context. The format of weekly projects, as described in the case, is hence a global 
technology of the implemented DO, and at the same time implied a framework for 
the formulation of new SOI tasks. An interesting part of these tasks calls upon 
IT-based techniques (SOI), namely the use of certain Maple routines, which are 
different from standard SO techniques (involving dedicated statistics software).

The most crucial discussions in the design phase concerned the formulation of 
the weekly projects. Quite extensive instructions often resulted from the teachers’ 
attempts to “derive” the tasks from SOE knowledge blocks to be “covered” by them. 
Here, the DO technique suggested by elements of EO technology and theory (as 
imported from previous research on thematic projects) was to try to construct 
project assignments with an outset in (SOI) tasks pertaining to a concrete situation 
(here, typically contextual data) in order to allow for a more autonomous student 
mobilization of techniques and technology. Another DO-technical problem was the 
provision for guidance of student work, which had to draw mainly on resources 
assigned for exercise sessions; it was to some extent informed by didactical tech-
nology and theory (Grønbæk and Winsløw, 2007) imported into the EO, both in the 
design and in the evaluation phase of the project.

11.2.3  The Interaction Between Sciences and Their Didactics 
at University

In this brief analysis of the cases from Sect. 2, we have encountered some important 
general traits in the interaction between the scientific and didactic organizations 
involved, and in the potential role of the EO in designing the DO based on the 
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internal didactical transposition SOE→SOI. In fact, the DO is not only based on the 
transposed organization but interacts with it: in both cases, new explicit formats of 
teaching (DO-technologies) aim to allow for more autonomous student work with 
the SOI, which is then itself locally modified in the process, typically with a wider 
range of SOI task types. A main part of the interaction between the DO and the SOI 
takes place, in both cases, between DO techniques and SOI task types. Over time, 
the results of teaching may feed back to the official definitions of the knowledge to 
be taught (i.e., the external transposition) and this process could be enlightened by 
documentation and analysis of the products of teaching.

Indeed, the EO aims to support and document rational change; its object is the 
interaction between scientific and didactic organizations of the discipline rather 
than just the didactic organizations and the internal transposition. The EO is based 
on the research organization (RO) of the involved didactics (it is indeed a scientific 
organization, but not in the basic discipline such as physics although it is strongly 
related to it). The RO provides knowledge blocks for the EO, and through the engi-
neering intervention it also allows for a rational techno-theoretical discourse about 
the DO, without which the latter would remain a “craft”, as mentioned before. 
Conversely, it has already been mentioned that didactical research may draw on 
results from development work. These points are summarized in Fig. 11.2, which, 
as promised, provides an elaborate version of Fig. 11.1.

For lack of space, we refrain from considering, in this chapter, the praxeologies 
involved in the teaching of the didactics of the natural sciences, which is also an 
important part of our work.

11.3 Act Locally – Think Globally!

In the previous sections, we have described a possible role of didactical knowledge 
and research in a faculty of science. We have in particular described some cases of its 
development and use in the context of the internal didactical transposition. In these 
settings the scientific organization SO in terms of practice and knowledge in science 

Fig. 11.2 Didactics studies the interaction of research and teaching at universities

X (nat. sci. discipline) SO SOE SOI DO

INSTITUTION:
Faculty of Science

Didactics of X

Research &
Development
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(not treated in
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Techn.
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has already been transposed, by others, into another scientific organization “to be 
taught”, SOE. At Danish universities, the external transposition usually happens at the 
institutional level of study boards. We have also indicated how this transposition may 
sometimes turn out to be in conflict with necessities or habits related to the internal 
didactical transposition, and consequently that it may be counterproductive even for 
furthering the intended goals for teaching. Why, one might ask, should the didacti-
cians direct so much of their attention to the actual teaching and the didactical organi-
zation at the level of the internal transposition? Would it not be better to focus mainly 
on the higher levels of educational planning and policy, or even on the “bird’s eye 
view” of science in society? We think not, and there are several reasons for this.

As we, and others (e.g., Chevallard, 2002) have argued, what actually takes place 
in the classroom depends on decisions at several institutional levels. For our context 
of university teaching, these levels may be illustrated as in Fig. 11.3. There is, how-
ever, no guarantee, that decisions made at one level lead to the desired result at lower 
levels. In fact, decisions taken about teaching design, that is the internal transposition 
at the lower level, sometimes seem to be quite immune to upper level demands. For 
instance, it has recently been decided at ministerial level that all Danish University 
programmes at bachelor and master level should have descriptions of the competence 
expected for the graduates. The intention was that this would eventually result in 
more emphasis on student competence as an outcome of learning, than on “passive 
knowledge”. Of course study boards and teachers have made fine competence 
descriptions of programmes and courses, but they tend to be so general and vague that 
they are unlikely to have an effect on the educational practice that is supposed to 
achieve the goals. There are many ways to perform an internal didactical transposition 
so that it appears to be in accordance with the external one but is not at all.

Fig. 11.3 The hierarchy of didactical determination (cf. Chevallard, 2002).

Society
(including ministries, employers, political debate, etc.)

University
(Rector, board etc.)

Faculty
(Dean, faculty board etc.)

Study board

Classroom
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In development projects teaching does change. A contribution is made to the 
knowledge block of the didactical organization (DO) through the teachers’ and 
didacticians’ common learning process of the specific didactical practice in ques-
tion – the teaching and learning in the developed course. This knowledge reaches 
beyond the specific course, for several reasons.

First, the course can be seen as an exemplar for a family of courses. As it has 
been argued above, the aim of didactical engineering is to obtain general knowledge 
through the study of the specific, an approach used in other sciences since Antiquity. 
Knowledge of possible teaching designs can be used by other teachers and in other 
development projects. Examples of concrete changes in local courses presented by 
dedicated and enthusiastic teachers are also very strong arguments in favour of 
further educational change in a local institutional context.

Secondly, concrete involvement in successful development projects at course 
level provides credibility in the institutional context to the didacticians involved in 
particular and to didactical knowledge in general. The case from physics described 
above shows how a certain suspicion toward “outsiders” interfering with the local 
teaching practice, can be overcome through an ongoing negotiation and learning 
process with a group of teachers.

Thirdly, systematic knowledge about institutional impediments to appropriate 
teaching design can provide constructive feedback to upper levels in the institution 
from the lowest level. If knowledge obtained through a development project shows 
that the framework given by the external didactical transposition SOE is insufficient 
or misleading, the fact that this knowledge is obtained through concrete local 
course context (interaction between DO and SOI), and is recognized and argued by 
the teachers themselves, gives a much higher chance that the study board will actu-
ally change their policy. Such changes could naturally affect other parts of the study 
programme as well.

Altogether these three aspects of the development projects – the exemplary status, 
the credibility obtained and the feed-back of knowledge from the lower to the upper 
institutional levels – seem to be crucial to develop didactical knowledge which is not 
confined to closed circuits of didacticians but which has impact on educational practice. 
Reform based only on a top-down strategy has a low chance of success. Reform based 
solely on bottom-up initiatives has a certain chance of success but may lose pace in 
the long run. Reform anchored at bottom level and with support from the top may 
eventually succeed. Local involvement and  knowledge development must therefore 
be the foundation of any global strategy for university science didactics.
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Chapter 12
Problem-Based and Project-Based Learning

Institutional and Global Change

Anette Kolmos

During the last 30 years, Higher Education (HE) has changed a lot. In the Northern 
part of Europe, until the 1960s, the traditional universities dominated with the ideal 
of an elitist university with freedom of academic research, which implied searching 
for the truth, and with an approach to education as presenting research. After the 
1960s, with the students’ rebellion, the university culture changed. At the tradi-
tional universities, students started to formulate demands, and became critical of 
the decline of the dominant research paradigm. At the managerial level, students 
had more influence on the boards, and they also applied pressure to develop new 
educational models such as the project- and problem-based learning (PBL) models 
that were implemented in Bremen University in Germany, Maastricht University in 
the Netherlands, Linköping University in Sweden, and Aalborg and Roskilde 
University in Denmark. During the 1970s and 1980s, the predominant picture was 
still that of traditional universities, but the university system expanded because of 
increased enrolment numbers (Carter et al., 2003).

Often in history, unexpected partnerships occur: one of these partnerships was 
between the students’ movements and industry. Many of the students’ criticisms and 
alternatives, such as peer learning and problem-based and project-based learning, 
went hand in hand with demands from industry. For example, Aalborg University in 
Denmark was established in 1974 as a PBL university, due to lobbying from industry 
as well as being a result of the students’ movement. This partnership was founded 
due to the fact that the largest faculty at Aalborg University was the Faculty of 
Engineering. It has been well known that there is a need for the ability to manage 
projects and co-operate, particularly in the technological field.

During the 1990s, new competencies such as lifelong learning appeared on the 
agenda. A few HE institutions changed towards student-centred learning (case stud-
ies, problem-based and project-based learning, co-operative learning, etc.) on both 
small and large scales, in order to meet the challenges, but certainly also with a 
wish to decrease students’ drop-out rates and to improve the quality of learning. 
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Furthermore, employability was an issue, meaning that higher education should be 
more oriented towards the labour market in co-operation with industry.

The university of tomorrow represents a trend towards an entrepreneurial uni-
versity (Clark, 1998) with a high degree of complexity concerning management, 
research and teaching. This development involves the risk that universities will be 
competing for students, funding and that there will be a tendency for trading knowledge 
(Bok, 2003). Barnett (1999) points out a scenario based on “supercomplexity,” 
which has an impact on leadership, research and teaching, where collaboration with 
other groups of people outside of university is a feature. This type of university is 
based on a network society where people form networks across traditional knowl-
edge boundaries, i.e., across disciplines and across universities and companies. 
Institutions will also need more institutional power in order to navigate in this 
supercomplex scenario. So, there is not only more autonomy and privatization of 
universities, but at the same time, increased competition between institutions to 
attract students and research funding. In more and more countries, the existence of 
external boards, with appointed leaders instead of elected leaders, has become a 
reality at all levels in the university system (Kogan et al., 2000; Sporn, 2003; Askling 
and Henkel, 2000).

The impact of this on the development of a university culture and the quality of 
teaching and learning is still to be investigated. However, there is a clear trend in 
Denmark that appointed leaders are not only given a more powerful position from 
which they can work, but they are able to use this power in order to accomplish 
change in the system. The question is, in which direction will future teaching and 
learning of engineering and science go?

12.1 Learning from Engineering Education

Since the 1990s, requests for new skills have been on the agenda for engineering 
education. The differences between engineering and science are no longer clear, so 
what happens in engineering might well be directly used in certain areas of science 
and inspire the development of hardcore science. Engineering education gets spe-
cial attention as technology and science are the cornerstones of societal develop-
ment, and the speed of development is increasing in order to secure a constant 
production of new goods. Because of this rapid development, technological and 
scientific knowledge might be outdated within a few years. This is a challenge for 
science and engineering education all over the world (see Christensen and Hansen, 
Chap. 13). Knowledge about yesterday’s mobile phone might be superseded by 
tomorrow’s communication technology. So, the challenge for engineering educa-
tion is both to keep pace with innovation and to manage more and more knowledge 
in order to avoid overloaded curricula. Furthermore, globalization entwines with 
innovation and technological development. Technology and innovation have no 
national borders, leading to global knowledge sharing, which both science and 
engineering education have to address (Friedman, 2005).
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The boundaries between engineering and science are unclear. Basic science is 
part of the biotechnological development as well as computer science, and is aimed 
at the end users. Gibbons et al. (1994) argue for a concept of “Mode 2 knowledge.” 
They argue that the growth of complexity and uncertainty are linked phenomena, 
and that there is a decreasing belief in the cause–effect relationship between science 
and society. The relationship between science and society has changed radically: it 
is no longer a case of “science speaking to society,” but rather of “society speaking 
to science.” Science has become contextualized. Environmental technologies are 
especially context dependent. However, there are still knowledge areas that are not 
contextualized and are more basic, e.g., physics. Knowledge production is no 
longer taking place only in universities but at a range of institutions in society, both 
private and public; consequently the skills of the future graduates need to have a 
much broader scope. The future engineers and scientists will need to learn how to 
share knowledge within both a globalized academia and industry.

These new demands for knowledge and skills are reflected in concepts such as 
lifelong learning, the demand for core competence, transferable skills, etc. (Assiter, 
1995). This trend can also be found in the development of accreditation criteria for 
engineering education. A representative of the American educational system is the 
Accreditation Board for Engineering and Technology (ABET). They have been 
practicing evaluation and accreditation for the last 70 years. The ABET criteria for 
accreditation were recently reformulated with an emphasis on learning outcomes 
and student-centred learning, which engineering education institutions have to fulfil 
if they want ABET certification. Of special interest is the strong emphasis on the 
scientific and technological aspects as well as on professional and process skills. 
Some of these ABET criteria are shown in Table 12.1.

Table 12.1 ABET criteria (2008) (from http://www.abet.org/)

• An ability to function on multi-disciplinary teams
• An ability to identify and solve applied science problems
• An understanding of professional and ethical responsibility
• An ability to communicate effectively
• The broad education necessary to understand the impact of solutions in a global and societal 

context
• A recognition of the need for, and an ability to engage in life-long learning
• A knowledge of contemporary issues
• An ability to use the techniques, skills, and modern scientific and technical tools necessary 

for professional practice

The corresponding European organization is EUR-ACE (Accreditation of European 
Engineering Programmes and Graduates). They have formulated programme out-
comes on a bachelor and a master level. Table 12.2 shows the formulations at the 
bachelor level.
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Shuman et al. (2005) interpret the development in the ABET criteria as a strong 
development of the professional skills, which is a term covering both awareness and 
process skills. This is in line with the argumentation by Kolmos (2006) saying that 
education needs to contain interdisciplinary aspects and the development of process 
skills, such as being able to analyze and interact during the creation of technology 
which involves cooperation, project management, communication, etc.

This emphasis on the trend for accreditation criteria in engineering education 
proves that new skills in the area of engineering education have already become insti-
tutionalized, and that engineering education is under pressure to change, if institu-
tions have not already changed their teaching system. Although policy for higher 
education is a national or even regional affair in most countries, this is such an inter-
national pressure that national governments cannot ignore the global development. In 
science, there has not been the same pressure, but as the borderline between engineer-
ing and science is blurred, it is likely that the same pressure will occur in science.

12.2 Problem-Based and Project-Based Learning

In engineering education, one of the answers to the societal demands for new skills 
has been to incorporate problem- and project-based learning (PBL). These changes 
are to be found at both course level and at system level as entire institutions decide 
to establish new teaching and learning systems. Ten years ago, it would have been 
possible to name the institutions that had implemented PBL to some degree at a 
departmental level, faculty level or as a total institutional approach. This is no 
longer the case, and nobody any longer has the full overview. All over the world, 
PBL has started to pop up on either a small or large scale in Australasia, Asia, 
Europe, Africa and South and North America.

Table 12.2 EUR-ACE (2008): personal programme outcomes for the bachelor level (from http://
www.feani.org/EUR_ACE/EUR_ACE_Main_Page.htm)

  First cycle graduate

1. Individual and 
team work

Function effectively as an individual, and as a member or leader in 
diverse engineering teams

2. Communication Communicate effectively on intermediate engineering activities with the 
engineering community and with society at large, by being able to 
comprehend and write effective reports and design documentation, 
make effective presentations, and give and receive clear instructions

3. The engineer and 
society

Demonstrate understanding of the societal, health, safety, 
legal and cultural issues and the consequent responsibilities relevant 
to engineering practice

4. Ethics Understand and commit to professional ethics and responsibilities and 
norms of engineering practice

5. Environment and 
sustainability

Understand the impact of engineering solutions in a societal context and 
demonstrate knowledge of and need for 
sustainable development

6. Project manage-
ment and 
finance

Demonstrate an awareness and understanding of management and busi-
ness practices, such as risk and change management, and understand 
their limitations
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The reasons for change to a full-scale PBL model at an institutional level have 
been multifaceted:

● address the new demands for learning outcomes
● create a more modern university profile that might attract students
● funding issues as PBL might decrease drop-out rates and improve the percentage 

of students who finish their study on time, and
● improve the quality of learning for students.

Along with a widespread use of PBL, various practices and models have occurred. 
The specific understanding of the PBL concept has also become fuzzier. Graaff and 
Kolmos (2003, 2007) argue that there will always be variations in the models used; 
especially when utilising PBL in various educational systems that represent a wide 
range of cultures, the very concrete models will and must be different. Therefore, 
it is not possible to define educational concepts by the concrete elements, but they 
have to be defined by the learning principles beyond the concrete practice. This will 
allow diversity on the concrete model level.

The two famous PBL models are the problem-based model (practiced at 
Maastricht and McMaster University – especially in health sciences) and the prob-
lem- and project-based model (practiced at Aalborg and Roskilde University – in 
subject areas such as engineering, science, mathematics, social science, and the 
humanities). The universities mentioned were established in the late 1960s or early 
1970s and were organized around these educational approaches from the very 
beginning. The learning principles formulated for these two different models are 
more or less the same. Barrows (1996) stressed these elements as part of problem-
based learning: the use of problems as a starting point for the acquisition and inte-
gration of new knowledge, that new information is acquired through self-directed 
learning, that it is student-centred, the use of small student groups, and teachers in 
the role of facilitators and guides. Almost the same elements were formulated 
beyond the problem-based and project-based models by Illeris (1976) as problem 
orientation, interdisciplinary learning, exemplarity towards overall educational 
objectives and teamwork.

At the model level there are quite a few differences. The problem-based model, 
as it is practiced at the university in Maastricht is based on thematic blocks of 
approximately 6 weeks. Each block focuses on a specific theme and the teachers 
have normally prepared cases for the students to work on. The students themselves 
choose to analyze one of the cases, which can be done either orally or in writing. 
It uses self-directed study groups, which usually meet once or twice a week to 
analyze and discuss the cases. Generally, the students use the seven-step procedure 
starting with clarifying, defining and analyzing the problem, finding the causes, 
searching for information and reporting the results. In the study group, each indi-
vidual student presents his or her work to be discussed, and the group discusses 
who should continue with which tasks. The assessment system is based on an indi-
vidual exam combined with individual and group-based formative assessment 
methods. The role of the teacher who attends the meetings is primarily to facilitate 
the learning process, in other words, to facilitate the group’s work and internal com-
munication (Schmidt and Moust, 2000).
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The problem- and project-based model practiced at Aalborg University is quite 
different from the Maastricht model. The traditional Aalborg PBL model is based 
on problem- and project-based learning. The model was invented in the early 1970s 
as two new universities were established in Denmark: Roskilde (1972) and Aalborg 
University (1974). Right from the beginning it was decided that there should be a 
new educational approach even including the physical space. At Aalborg University, 
there are more than 1,200 small group rooms where students work on their projects, 
as a way of supporting the model (Kjærsdam and Enemark, 1994; Kolmos, 1996; 
Kolmos et al., 2004).

The model is used in all study programmes at Aalborg University within the 
Faculty of Humanities, the Faculty of Social Science, and the Faculty of Engineering, 
Science and Medicine. All project work is done in teams, and the same model is more 
or less followed from the first semester until the completion of a master’s degree (tenth 
semester). The students submit one project per semester and during the study, the 
groups normally become smaller, starting with typically 6–7 students in the first year, 
and reducing to a maximum of 2–3 students in the final semester. In each semester the 
project and the majority of the courses must relate to the theme of the semester.

The understanding of the educational principles will vary from department to 
department, and these variations will affect aspects of the program. Typical ele-
ments that vary are:

● The semester themes that can be defined in different ways, e.g., describing vari-
ous types of problems, or as themes covering certain subjects

● The choice of projects, which can be based on open or more controlled discipline 
formulations depending on the educational objectives. The open projects can be 
based on “real life problems” that start with students’ formulation of problems

● The definition of a problem, depending upon the professional areas. In some 
programmes the problem must be a dilemma or a social discrepancy, in other pro-
grammes the problem will be what students are interested in investigating further

● The relation between courses and projects, depending on the knowledge, tradi-
tions and culture of the various departments. For example, there are large differ-
ences in the relation between courses and projects at the Faculty of Engineering, 
Science and Medicine, and the language study programmes at the Faculty of 
Humanities. At the Faculty of Engineering, Science and Medicine the students 
attend project courses, which support the objectives of the project and the 
project itself. At some of the languages studies the students are offered a number 
of courses and they are free to choose 2–3 courses and write their project within 
in the framework of these courses

● The extent of project facilitation and the method in which it is carried out
● The group sizes, which vary. There are more students in each group at the begin-

ning of study. Group sizes also vary from department to department.
● Comparing the Maastricht and Aalborg models, there are substantial differences, 

which can be seen in the table below (Table 12.3).

The Aalborg model seems to be more student-centred and based on more open 
projects, whereas the Maastricht model seems to be teacher directed. The learning 
process is different – due to the submission of projects, students in the Aalborg model 
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Although there are differences at the concrete model level, Graaff and Kolmos 
(2003, 2007) found that there are common learning principles that cross these two 
models. Based on an analysis of problem-based and project-based practices and the 
underlying learning principles, they have formulated PBL principles that can be 
captured in three approaches: learning, contents and social.

The learning approach in problem- and project-based learning means that learn-
ing is organized around problems and will be carried through in projects. It is a 
central principle for the development of motivation. A problem makes up the start-
ing point for the learning processes, places learning in context, and bases learning 
on the learner’s experience. It is a unique task involving more complex and situated 
problem analyses and problem solving because it is also project-based.

The contents approach especially concerns interdisciplinary learning, which 
may span across traditional subject-related boundaries and methods. It is exemplary 
practice in the sense that learning outcomes are exemplary to the overall objectives 
and support the relation between theory and practice by the fact that the learning 
process involves an analytical approach using theory in the analysis of problems 
and problem solving methods.

The social approach is team-based learning. The team learning aspect underpins 
the learning process as a social act where learning takes place through dialogue and 
communication. Furthermore, the students are not only learning from each other, but 
they also learn to share knowledge and organize the process of collaborative learn-
ing. The social approach also covers the concept of participant-directed learning, 
which indicates a collective ownership of the learning process and, especially, the 
formulation of the problem.

To formulate common learning principles for problem-based learning and for 
problem-based and project-based learning might cause critique as many researchers 
seek to maintain the differences. Savin-Baden (2003) and Prince and Felder (2006) 
argue that there is a substantial difference between, for example, problem-based and 
project-based learning. Whereas problem-based learning addresses an open learning 

Table 12.3 Comparison between Maastricht PBL model and Aalborg PBL model

 Maastricht Aalborg

Problem Cases defined by teachers: 
open and narrow

Problems defined by students or facilita-
tors within a theme which can be open 
and narrow

Process Seven jumps Project management
Team aspect Discussing together Discussing and writing together
Assessment/exam Individual progress testing 

Individual exam
Formative group assessment, Individual 
judgement in a team based exam

have to learn project management skills that can be transferred from one project to the 
other. The process for Maastricht students seems to be more structured from the very 
beginning. The team aspect is also different as the Aalborg students not only discuss 
the problem together, but have to come up with a common product. Finally, the assess-
ment systems are different, both the formative system as well as the final exam.
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process, project-based learning is more or less synonymous with a  task-based approach. 
Behind this understanding is an interpretation of a project as a narrowly formulated 
task. One of the pioneers of the Aalborg PBL approach, however, defines a project as 
a complex, unique and situated task that will always involve an open approach 
(Algreen-Ussing and Fruensgaard, 1990). This definition of project-based learning 
includes a problem-based approach as the starting point for projects to find situations 
and problems to analyze and solve.

PBL as a teaching and learning model also has a lot in common with other edu-
cational approaches such as active learning, inquiry-based learning, experiential 
learning, co-operative learning, and case-based learning. These approaches are 
more or less based on the same learning principles, but do not fulfil all of them. 
Active learning is very often used in traditional classroom teaching, particularly in 
the USA, because it is easy to implement within the existing organizational frame-
work for teaching and learning; however, it might not be based on team aspects or 
the same learning approach. PBL is a much more demanding method and often 
requires organizational changes in order to practice more complex projects.

12.2.1 Evidence of PBL

As there are quite a lot of differences among the different PBL models, it might be 
hard to draw the conclusion that PBL is the answer to the future challenges con-
cerning engineering skills (Fig 12.1 ).

Fig. 12.1 Students at work in a PBL environment
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Furthermore, a lot of research on PBL has been conducted, and this is not an 
attempt to give an overview, just to indicate some of the results. The research on 
PBL addresses different aspects of PBL:

● Management dimension
● Students’ learning processes (undergraduates and graduates)
● Teaching processes (planning PBL, new teacher roles, assessment systems, etc.)
● Outcomes, skills and knowledge (graduates and employers)
● Change processes.

The management dimension concerns the financial implications of PBL. Several 
Danish evaluations show that Aalborg University, compared to other Danish institu-
tions, have one of the lowest dropout rates among students and one of the highest 
percentages of students finishing their studies on time. In terms of the quality of 
teaching and learning, PBL institutions are often rated more highly than traditional 
teaching institutions.

Many authors have addressed students’ learning processes and there are studies 
of students and graduates. Du and Kolmos (2006) explain why there is an improve-
ment of the learning process through participating in team-based communities and 
by reflecting and experimenting with the practice. However, the learning experi-
ence remains tacit, if the students do not reflect and experiment with their own 
learning process (Kolmos, 1999). The formal as well as the informal learning proc-
esses motivate both women and men towards further learning. From the perspective 
of educational psychology, there have been several studies on motivation with the 
unambiguous conclusion that PBL increases students’ motivation for learning 
(Schmidt and Moust, 2000; Thomas, 2000). This might be the most important find-
ing: that PBL has an impact at the level of motivation. From a theoretical learning 
perspective, motivation is an important factor in the learning process – and if stu-
dents are motivated, they learn more.

Much of the research on the teaching process of PBL has its roots in active 
research with the purpose of developing and improving PBL-systems and develop-
ing new conceptual understandings of the facilitator’s role, e.g., the development of 
the tutor role (Savin-Baden, 2003; Savin-Baden and Wilkie, 2004; Hansen, 2004; 
Biggs, 2003). Most of the PBL research is to be found within this topic, but will not 
be reported here. Some of the research that has been conducted concerns improve-
ment of PBL systems.

In terms of the development of skills, Dochy et al. (2003) have made a review 
of the literature from the 1990s on the evaluations of long-term effects of using 
PBL. Their main conclusion was that the use of PBL improves the development 
of transferable skills such as process competence. The impact on knowledge 
acquisition is missing or not significant. However, PBL students do not acquire 
less knowledge compared to students educated the traditional way.

Several studies come up with the same findings: that there is no significant 
improvement of knowledge acquirement, but a significant improvement of skills. 
These results concerning the acquisition of knowledge may have to be seen in the 
light that the concept of knowledge which is used for measurement is a concept 



270 A. Kolmos

from traditional education, so the PBL systems are compared to the values of the 
old system, not according to the more complex knowledge concept of PBL.

Nevertheless, there are results addressing the process, or transferable, skills and stud-
ies documenting that there is a significant improvement of that part. Faland and Frenay 
(2005) have conducted an empirical study of a transformation process at a particular 
institution. Their main conclusion was the same: that students do obtain process com-
petence. Crosthwaite et al. (2006) document that the students’ own perception of the 
achievement of skills had been significantly improved by PBL learning.

Schmidt and Moust (2000) have done a review of existing literature and con-
cluded that PBL seems to have an effect on long-term retention of knowledge such 
as the remembering and understanding of various concepts.

Other studies are based on employers’ response to education. Danish studies 
show that employers are very satisfied with candidates from the PBL institutions 
and note that these candidates are easy to integrate (Krogh and Rasmussen, 2004).

These studies are all made in different subject areas and evaluate the results of 
various PBL systems. The bottom line is that when you start to integrate collabora-
tive and project-related elements into education, students achieve higher skill levels 
from the teaching and learning methods and do not learn a lesser amount of scien-
tific knowledge compared to the traditional educational methods.

Furthermore, PBL might be a solution to the requirements of the global society. 
However, PBL is not implemented overnight. It is not an event; but rather a long, 
serious process of change from the traditional paradigm of learning to a new para-
digm of collective, cognitive learning with the aim to achieve interdisciplinary 
knowledge for analyzing and solving problems.

12.3 The Institutional Implementation Process of PBL

Institutions all over the world implement PBL at a course level, program level and 
institutional level (Graaff and Kolmos, 2007). These transformation processes are 
often very challenging, and the question is how to do it. Fullan (2001, 2004, 2005) 
is one of the few authors who have developed models for the comprehension and 
organization of change in education. He emphasizes that the outcome is not only 
improved student learning, but also improved organizational capacity. The faculty 
is the ongoing factor, whereas the students leave once graduated. Change is a long 
process of continuous activities and improvements (Fullan 2005; Scott, 2003). 
It takes time, especially if the change not only concerns restructuring the scientific 
content, but also involves a cultural and conceptual change. This is in line with 
Henriksen et al. (2004) who argue that in order to understand organizational 
change, we need to understand the concept of reality. In order to comprehend real-
ity, it is necessary to look into at least four elements: fact (documentation), logic 
(the core part of the constitution process), values (to describe the importance), and 
communication (as being a member of society and interpretation). Therefore, edu-
cational change should be analyzed and interpreted in a broader context, and values 



12 Problem-Based and Project-Based Learning 271

are an important part of the change process. Furthermore, each transformation proc-
ess has its own story and thus change will always be contextualized.

To understand the process of change, Kotter’s (1995) model for change is often 
used to illustrate phases at a more specific level. This model was developed in the 
management literature, but has been used as an analytical model for educational 
processes as well (Morgan and Roberts, 2002). Kotter works with eight phases:

1. Establishing a sense of urgency
2. Forming a powerful guiding coalition
3. Creating a vision
4. Communicating the vision
5. Empowering others to act on the vision
6. Planning for and creating short-term wins
7. Consolidating improvements and producing still more change
8. Institutionalizing new approaches

Kotter stresses the importance of urgency and the creation of visions. Normally, 
teachers do not experience any urgency. On the contrary, they feel confident and 
satisfied with existing teaching practices. Only a few staff members feel the need 
for change (Moesby, 2004). External reasons are most often the trigger for internal 
institutional change (Fig 12.2).

In Kotter’s version, the vision consists of the leader formulating and communi-
cating the vision to the faculty staff. As already pointed out in this article, govern-
ance, leadership and management are in a process of change: on the national level, 
towards more institutional autonomy, and on the institutional level, moving from a 
bottom-up approach to a top-down approach. This means that it might become 
easier to make decisions, but not necessarily to carry out changes. In educational 
settings, the role of the leader can be hard to define and fulfil, because leaders are 
often very good colleagues to their “employees.” However, due to the new manage-
ment systems in HE with appointed leaders, there might be more top-down deci-
sions in this area and thus a phase in which it is necessary to involve faculty staff.

Fig. 12.2 Relation between faculty development units and the university organization

Faculty development
strategies at different

levels in the organisation

Teachers

Rector Dean

Head of departments,
schools etc.
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Researchers point out that all organizational levels have to become involved if 
the goal is successful change (Kolmos et al., 2004; Scott, 2003; Graaff and Kolmos, 
2007). Bottom-up strategies are not efficient since change at a systemic level 
requires a decision at the top level. Top-down strategies are not efficient because 
they create resistance in the system. However, the two strategies taken together 
supplement each other and make change possible.

Furthermore, there is a need for change agents. If the change starts from the top 
level, change agents must be found among the involved faculty members. If the change 
starts from the bottom, change agents must be found in the top. The role of change 
agents is to motivate faculty staff and to lead the change process by constantly pushing 
for visions, exact plans, resources, strategies, etc. Each individual change agent should 
not cover all the responsibilities, but experience shows that drivers are necessary.

An important change agent is a faculty development unit, because they have the 
expertise and knowledge of other systems and new practices. Training is an impor-
tant element, because it is necessary to establish a new educational practice. Faculty 
development units have to act at all levels, e.g., to join meetings for heads of depart-
ments, study boards, deans, etc., and promote awareness of the roles of both the 
faculty development units and the leaders at all levels in the university organization 
(Kolmos et al., 2001).

12.3.1 Two Stories of Change

In order to illustrate the described change processes, we will present two Danish 
stories of change within engineering education. These stories could have happened 
in many other countries – there are many stories to tell (Graaff and Kolmos, 2007; 
Kolmos, 2002). What is unique about Danish engineering education is that there is 
not just one individual institution implementing PBL, but rather all institutions over 
the last 10 years have implemented PBL on either a small or large scale. We have 
witnessed an emerging tendency to formulate models and systems, albeit of very 
different natures. In a research project on change, we interviewed eleven faculty 
staff at three different institutions. The eleven interviews at each institution were 
with former leaders, change agents and some faculty members that had to imple-
ment all of the ideas. All interviews have been transcribed and analyzed using a 
qualitative thematic method.

The two institutions are university engineering colleges and have similar char-
acteristics: about 1,000 students, 100 faculty members and more or less the same 
programmes. The institutional change took place in two different years: institution 
A in 1998, institution B in 2002. Extensive institutional changes rarely occur with-
out an external pressure, since many resources are involved, and the external cause 
(or urgency) was reduction in resources for both institutions. In general, the same 
educational–political processes have governed all Danish university engineering 
colleges, characterized by:
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● Continuous reduction in resources, which is unfortunately an international 
trend

● Amalgamation of institutions – at the time when we collected data, both institu-
tions went into new amalgamations

● Change in organizational conditions from democratically elected structures to 
appointed leaders and external boards. This is the real difference between the 
two cases, as they changed in two different years, under two different manage-
ment systems

● Transition from technical college to university engineering college, where a 
certain percentage of staff have to be upgraded to master levels

● Joint educational development through the establishment of the Pedagogical 
Network for Danish Engineering Education (IPN). This network offered the 
same type of seminars and workshops to both institutions

● Previous experience with PBL, since interdisciplinary projects were integrated 
in the 1980s, which has earned the institutions their first project experiences. 
This was an important experience, because staff felt that PBL was not something 
completely new, but something that they already had in-house experience with.

12.3.1.1 Institution A

At Institution A, change took place under a democratically elected board of direc-
tors, which had no intention of causing division in the organization, but instead set 
realistic goals for the processes of change. In this way, they facilitated a  bottom-up 
approach that led to a managerial decision on top-level (Table 12.4).

Table 12.4 Institution A’s change process

Institution A
1996–1998: they joined several workshops held by IPN on project-

based learning. Many teachers tried to experiment with project 
work

1998–1999: the decision was made stipulating that at least one third of 
the overall time should be used for project work. The decision was 
made by the senate, which at that time was a democratic forum, 
elected by faculty members

1998: rebuilding of the physical infrastructure to allow for group 
rooms

The internal staff development function was not well established at the 
institution. There were only sporadic, if any, follow-ups after the 
first workshops in 1996–1998

The interviewees could not remember any resistance among col-
leagues

There were no indications that the approach to teaching and learning 
changed. Projects are mainly regarded as an application of the 
knowledge that has been taught in lectures
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The interviewees did not express any particular excitement about their change. This 
could be ascribed to several factors; for instance, the fact that a substantial period 
had passed since the change occurred, and therefore they were unable to remember 
it in detail. The institution had also started a new process of change initiated by a 
newly hired leader, who did not find the employees of the institutions properly 
prepared for changes.

Wide-scale project work was introduced and formulated as in the model in Table 
12.5. A characteristic feature is the fact that there was no major merging of courses. 
A project worth 10 ECTS was introduced, though, in each of the semesters 1–4 and 
6, and a project worth 20 ECTS was included in the last semester.

However, here we see a model that is not far reaching in its endeavours to imple-
ment a different educational style. The institution still holds a series of individual 
courses with individual exams and no attempt to integrate courses and projects.
It is important that this model was implemented at a time when there was still a 
democratically elected board of directors. This had a great influence on the process, 
since that type of structure limited how much the board could manage the process 
without clear support from the staff. Consequently, interviews with employees in 
this institution also reflect that they do not remember that there was any great 
resistance to the changes, because it was the employees’ decisions to change. 
However, a few of the employees would have liked to carry through solutions that 
were more radical.

12.3.1.2 Institution B

In Institution B, the changes were implemented at a later stage when appointed 
leaders were in charge. Institution B consisted of three departments: one depart-
ment had experience with project work to a wider extent; while the two other 
departments had more sporadic experiences and many faculty members were 
against any change. When a new board of directors was appointed, people from the 
department that had already adopted the project work dominated the board, and it 
was agreed that the entire institution was to develop a common model for teaching 
and learning (Table 12.6).

Table 12.5 Institution A’s curriculum structure

Semester
1-4

Course
5ECTS

Course
5ECTS

Course 
5ECTS

Course
5ECTS

Project
10 ECTS

Semester 
5

Practicum

Semester 
6

Course
5ECTS

Course
5ECTS

Course
5ECTS

Course
5ECTS

Course and pre 
project 10 ECTS

Semester 
7

Course
5ECTS

Course
5ECTS

Project 
20 ECTS
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The decision was a result of both a bottom-up approach and a top-down approach. 
It was a bottom-up approach because one department had already experienced a full 
scale PBL model; it was a top-down approach as the newly appointed leader made 
the decision to apply the model to the entire institution. If a democratic process had 
been allowed to form the basis for decision-making in the department that had not 
fully adopted PBL, the decision to implement the model might not have been as 
far-reaching.
The interviews from Institution B demonstrated that they were proud of their process 
of change. They all held their own understanding of the model and the underlying 
educational concept. At first, this phenomenon occasioned a great deal of reflection 
on the interviewers’ parts, but along the way, this came to be interpreted as a positive 
expression of the personal internalization of the educational process of development, 
and that they had actually developed their own conceptual understanding of PBL.

Institution B also experienced resistance. Around 20% of the interviewees from 
this institution did not wish their interviews to be recorded, but they clearly 
expressed that they “just did as they had always done, only now it was named 
something new when in reality it was not new at all.” The typical reply when asked 
why they kept doing what they were used to doing was “The students are unable to 
learn this profession in any other way.” The leaders at institution B are well aware 
of the resistance and have chosen to ignore it this time around. As long as the resist-
ance does not cause any student complaints, management will continue to disregard 
it, but at some point, it will have to be dealt with.

The curriculum model is described in Table 12.7. A characteristic feature of this 
process was the fact that smaller courses were grouped together in bigger profes-
sional units.

The process of change in institution B involved additional elements. In part, 
new goals for development of students’ process skills were formulated in connec-
tion with the introduction of project work. In part, experiments were carried out 
involving the use of formative assessment methods in courses, with a particular 
focus on experiments concerning the timing of the relationship between courses 
and project.

Table 12.6 Institution B’s change process

Institution B
1996–2000: several training workshops on project work were held
Late 1990s: electronics and mechanics started to implement elements of 

PBL, but to a very different extent. Electronics went for nearly a full-
scale model and had some very enthusiastic faculty members. The other 
department went for a more sporadic implementation

2001: a new leader was appointed from electronics
A top-down decision was made, and a group of change agents were asked 

to lead the actual transformation process
There was a strong internal staff development unit to support the idea
Finally, the committee in charge of the process of change formulated a 

number of visions, philosophies, and values to accompany the new 
models
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12.3.2 Comparing the Two Institutions

The two institutions have had quite similar conditions of change, but the processes 
of change have taken place at different times and under different managerial struc-
tures. This has given different basic conditions for decision-making.

Both cases demonstrate that top-down decisions at institutional level need to 
be combined with a pool of motivated staff to cause changes at a system level. 
A bottom-up approach with decentralized development in departments leads to 
variation within the institution, and it might be difficult to develop curriculum 
models at system level without top-down decisions. For universities in some 
countries, this conclusion might seem banal, but in a European context, this is a 
very important result.

Institution B also managed to develop a more holistically, coherent education. 
Through the process of change, the institution succeeded in giving most staff a 
vision for their own processes of change. This did not include all staff members, 
since approximately 20% of faculty was very negative towards the changes.

Looking at the results from the two cases in terms of Kotter’s eight phases, more 
effort and attention could definitely have been devoted to two phases. The first 
phase lacking involves a sense of urgency, and no one in either institution really felt 
this. The faculties saw the changes as necessary because of financial reasons, not 
because the students would be able to gain new and different competences. Even 
though in Institution B there has been the formulation of new competences, the 
need for this was not the guiding factor for the individual employee. The common 
perception was that it was simply necessary to do.

The second phase that is missing is the vision. No vision was formulated in 
Institution A. In institution B, some visions were formulated, but both institutions 
tended to stop the process of change since no new energizers entered the process. 
Nonetheless, it is important to conclude that both institutions have developed mod-
els, and they have succeeded in institutionalizing the changes by, for instance, alter-
ing the physical infrastructure.

Table 12.7 Institution B’s curriculum structure

Semester 
1-4

Courses Courses Project 10 ECTS pr. 
semester

Semester 5 Course Course Project 18 ECTS

Semester 6 practicum

Semester 7 Project normally with a company
30 ECTS
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12.4 Perspectives

These two stories of institutional change could have happened anywhere in the 
world. Higher education is in a process of change, both at the level of governance 
and management and in the educational area. In Europe we have seen a lot of 
changes in these areas, partly in order to harmonize higher education, partly to 
address new global requirements. The same trend can be observed in the rest of the 
world: National governments are getting more and more oriented towards interna-
tionalization of higher education in order to secure mobility and sufficient number 
of academics for the knowledge society.

Along with these political changes come transformational processes at the insti-
tutional level. According to new market mechanisms, there is pressure on institu-
tions to develop educational change. However, educational change is a challenging 
and energy-consuming process. The experiences with institutional change in 
Denmark do not differ very much from experiences in the southern part of Europe, 
in America, Australia and many other places. There are cultural and organizational 
differences, but the lesson for change is more or less the same: in order to manage 
institutional change, it is necessary to have both top-down and bottom-up proc-
esses, change agents, visions, realistic plans, qualified staff and so on. Therefore, 
the exchange of international experiences is an important part of the development 
of engineering and science education.

The requirement for new types of professional and process skills is global. Since 
engineers and scientists now have a global workplace, and education has to address 
these new types of requirements, PBL is one educational solution that has become 
widespread. In most parts of the world, PBL is integrated into courses. However, 
more and more institutions choose to develop their educational and pedagogical 
profiles, and PBL is implemented at a program, department, faculty or institutional 
level. By developing systems and organizations, it is possible to secure the imple-
mentation of PBL, which requires co-operation, project management, communica-
tion, problem identification and solving, and setting of objectives, followed by 
teaching, learning and assessment for these types of skills. This is one of the rea-
sons that institutions want to change to PBL. Other reasons are the improvement of 
the learning process by the creation of motivation and improved retention rates, and 
establishment of institutional profiles for attracting more students.

In the future, more institutions will follow this trend. In order to support the 
global change to PBL, a new UNESCO Chair in Problem-based Learning in 
Engineering Education (2008) has been established at Aalborg University, 
Denmark. The chair has the overall objective of creating a global sustainable 
society of researchers, experts and institutions in PBL in order to facilitate the 
transformation process from traditional teaching to PBL. This Chair will promote 
an integrated system of research, training, information and documentation in the 
field of PBL in engineering and science – and provide evidence for the use of 
PBL in various subject areas. Experiences from engineering can directly be used 
in all areas of science such as computer science, nanotechnology, biotechnology, 



278 A. Kolmos

 mathematics and physics. PBL is about learning and motivation for learning by 
the use of more student-centred learning principles rather than only scientific 
content principles. If science and technology want to recruit young people in the 
future, it is necessary to contextualize science and to use new more student-centred 
approaches.
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Chapter 13
From Anomaly to Paralogy

The Post-modern Condition and its Consequences 
for University Science Education

Ole Ravn Christensen and Tom Børsen

In recent years natural science students’ enrolment patterns have changed. Many new 
study-programmes have emerged with new hot names like nanotechnology, molecular 
biomedicine, medicinal chemistry, biotechnology, health mathematics, product 
and design psychology etc. These new study programmes transcend the traditional 
disciplinary borders of the classical scientific disciplines, so that we see how core 
knowledge from the old sciences like physics, chemistry, biology, mathematics etc. 
are mixed with each other and sometimes with humanistic disciplines and social sci-
ences. With the new study programmes we say “[f]arewell to the old classifications, 
such as physics, chemistry, biology. Welcome to new ones, like GRAINN – short for 
genomics, robotics, artificial intelligence, neuroscience and nanotechnology [and] 
SHEE – the sciences of safety, health and environment plus ethics” as Jerome Ravetz 
has put it (2006, pp. 10–11). Hence, the contemporary tertiary natural science study-
programmes face the challenge of coping with trans-disciplinarity.

One could, however, argue that the new study programmes are not new at all, 
and that the mixing of the knowledge of the old sciences has been a task undertaken 
by the disciplines of engineering (the applied sciences) for more than a century. Just 
because somebody makes up new names for what engineers are doing, does not 
mean that science and technology is changing fundamentally.

However, this argument rests on a division between pure (academic) and applied 
science. In this article we question this division and argue that the emerging new 
sciences represent a qualitatively new endeavour within the spheres of science and 
technology. We will demonstrate that a new scientific rationality is emerging, that 
fundamentally differs from that of the classical sciences. The new scientific logic 
is not primarily concerned with the expansion of the body of scientific knowledge, 
but is formed to fulfil new and strong external utility expectations. As the classical 
and the new trans-disciplinary scientific disciplines are fundamentally different one 
cannot construct new science study-programmes simply by mixing the educational 
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modules of the classical sciences. The new trans-disciplinary study-programmes 
must differ qualitatively form those of the classical academic sciences.

In this chapter we set out to investigate the educational consequences of these 
transitions. Our claim is that classical academic science is undergoing changes that 
will eventually have an impact on university science education and we seek to 
explain what these changes amount to and how the impact on education may be 
conceived.

The starting point of our investigation will be two famous positions in the phi-
losophy of science, namely Thomas Samuel Kuhn and Jean François Lyotard’s 
different understandings of the processes underlying and causing scientific devel-
opment. We will show how Kuhn’s influential philosophy of science, first presented 
in the early 1960s, lacks the power to explain the dynamics of the trans-disciplinary 
sciences. Kuhn, especially in his earlier writings, is often accused of being relativ-
istic with regard to scientific truth; and compared to earlier logical positivist stand-
points his ideas may even be considered to have given birth to post-modern cultural 
science studies (Weinberg, 1998). However, we argue that this reading of Kuhn 
cannot stand alone and we want to point out that the Kuhnian conception of science 
is narrow and mono-disciplinary. Kuhn’s understanding of academic science – like 
that of some logical positivists – defines scientific activity as the narrow endeavour 
of searching for scientific results within a specific scientific discipline (Pedersen, 
1995). Kuhn gives an internal account of scientific development which points to the 
creation of a consensus on what is considered true among the members of a scien-
tific community – and neglects external parameters.

In contrast to Kuhn’s conception of scientific development we outline Lyotard’s 
ideas. Lyotard’s conception of post-modern scientific development takes into 
accounts the disciplinary mixture of many new fields of study, as well as the external 
relations and dependencies that scientific practices face today. According to 
Lyotard science does not mainly develop towards establishing a solid body of true 
knowledge but rather through pressures to become performative.

In this chapter we seek to identify how theories of science translate into ideas 
about the educational set-up at universities. We first examine Kuhn’s and then 
Lyotard’s conceptions of science with an emphasis on their views on the develop-
ment and legitimation of science. Then, we discuss the educational consequences 
of a Kuhnian understanding of science in relation to university science education, 
and finally we discuss the consequences of Lyotard’s proposed post-modern condi-
tion for university science education.

13.1 Kuhn’s Conception of Science

In his famous book The Structure of Scientific Revolutions, Kuhn (1970) presents a 
socio-historical view on the development of the natural scientific disciplines. He 
perceives science as a social practice rather than an individual cognitive endeavour. 
Kuhn’s account of the scientific development does not primarily aim at determining 
the validity of scientific claims – for example by showing how scientific knowledge 
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can be perceived as “true” or that some scientific beliefs are more credible than 
other beliefs – but sets forth to map the socio-historical evolution of the natural 
sciences.

13.1.1 Conceptual Framework

According to Kuhn the scientific landscape consists of three types of sciences: 
normal science, revolutionary science and immature science. Immature science 
refers to a type of intellectual discussion climate from where all proper academic 
scientific disciplines originate. If one goes sufficiently far back in time all scientific 
domains were once situated in an intellectual context where many different 
accounts of natural phenomena, with more or less equal strength, competed in 
recruiting “believers”. For a given discipline, at a specific and well-defined point in 
time, one of these accounts gained sufficient strength and intellectual capital to 
outdo competing views, hence forming a normal scientific discipline. Kuhn catego-
rizes “the study of motion before Aristotle and of statics before Archimedes, the 
study of heat before Black, of chemistry before Boyle and Boerhaave, and of his-
torical geology before Hutton” as immature (Kuhn, 1970, p. 15).

The “paradigm” is a central concept in Kuhn’s philosophy of science. In one of 
its meanings a paradigm denotes a cognitive pattern, which a group of communicat-
ing scientists share. In the postscript to the second edition of Structures (1970) Kuhn 
clarifies the meaning of such a cognitive pattern – which he denotes as the discipli-
nary matrix – by splitting it into four elements: symbolic generalizations, metaphysi-
cal beliefs/model assumptions, values and exemplars (Kuhn, 1970, pp. 182–187):

Recognized formal equations make up the set of symbolic generalizations 
included in a discipline’s matrix. Newton’s laws of motion, or the three gas laws 
(Boyle’s law, Charles’ law, and Avogadro’s law) constitute illustrative examples of 
symbolic generalizations (our examples)

Shared metaphysical beliefs such as “heat is the kinetic energy of the constituent 
parts of bodies” and “all perceptible phenomena are due to the interaction of quali-
tative neutral atoms in the void, or, alternatively, to matter and force, or to fields” 
(Kuhn’s examples) are also part of a disciplinary matrix. This element of the disci-
plinary matrix one can think of as model assumptions

Values constitute a third element in the disciplinary matrix. Usually values are 
more widely shared among different scientific communities than either symbolic 
generalizations or metaphysical beliefs. Hence, Kuhn suggests that they generate a 
feeling of cohesiveness among natural scientists as a whole. Kuhn himself stresses 
scientific values like “scientific results should be accurate”, “quantitative predic-
tions are preferable to qualitative ones”. He also states that “theories must permit 
puzzle-formulation and solution”, and “be simple, self-consistent, plausible, com-
patible with other theories deployed”

By the notion of exemplars Kuhn refers to the exercises that students encounter 
during their scientific education. Exemplars are both practical (i.e., the tasks 
presented to students during laboratory work), and theoretical (the exercises found 
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at the end of chapters in science textbooks). Technical solutions to scientific problems 
found in the journals that scientists study during their post-educational research 
careers are also considered as exemplars, as they show the scientists, by example, 
how their job is to be done.

A scientific (sub)-discipline is “normal” when its matrix’ elements are left 
unchallenged by practitioners and surroundings. According to Kuhn, normal sci-
ence is the most predominant form of academic science. Normal science progresses 
as normal scientists compete to solve the puzzles posed to them by the paradigm, 
by applying the symbolic generalizations to new particular situations, and thereby 
expanding the number of exemplars within their discipline’s matrix. This dynamic 
is necessary to reach convergent scientific thought, which Kuhn considers the ulti-
mate goal of normal science (Andersen, 2000).

13.1.2 Scientific Development

Normal scientists are sometimes unable to solve all scientific puzzles, and anoma-
lies appear (i.e., situations where the symbolic generalizations fail to reduce the 
complexity of natural phenomena). When the number of anomalies become suffi-
ciently high new practitioners become increasingly unsatisfied with the disciplinary 
matrix in power, and frustrated young scientists try to set up new and competing 
disciplinary matrices. Eventually they manage to formulate an alternative matrix 
that is strong enough to threaten, and maybe even over time replace, the old para-
digm. Kuhn uses the phrase “revolutionary science” to denote an intellectual land-
scape, where an established paradigm or disciplinary matrix is being challenged by 
an emerging alternative one. In revolutionary periods two parallel paradigms exist, 
and compete regarding recruitment of new practitioners. Eventually one of the 
competing paradigms dies, as the followers retire without new young people taking 
their academic positions. A new scientific revolution has occurred when a new 
paradigm has replaced an old one.

Normal science deals with puzzle solving in contrast to revolutionary science 
that aims at the formulation of a new stable disciplinary matrix. Kuhn describes 
the history of science as a cyclic process: a long period of normal science is suc-
ceeded by a revolutionary period and eventually by a scientific revolution 
whereby a new normal scientific period is initiated. Both normal science and 
revolutionary science are necessary for scientific development, as “there is an 
essential tension implicit in scientific research. [If puzzle-solving] were the only 
mode of conducting science, science could lead to no fundamental innovation at 
all” (Andersen, 2000, p. 92).

According to Kuhn it is (practically) impossible for the individual scientists to 
be part of both the old paradigm – predominant before a scientific revolution has 
taken place – and simultaneously internalize the new paradigm that has taken over 
as the dominant cognitive pattern among practitioners. It is not possible for follow-
ers of the old paradigm to fully understand the proponents of the new paradigm, and 
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vice versa. The two cognitive frameworks (the old and the new paradigm) are 
incommensurable. It is possible for scientists over time to change their conceptual 
framework, and hence internalize the new way of thinking that follows a scientific 
revolution; but it is a painful accommodative learning process of iconoclastic pro-
portions. Such mental changes never happen over night.

13.1.3 Legitimation of Science

In his two books on Kuhn, Steve Fuller closely links Kuhn’s philosophy of science 
to Vannevar Bush’s social contract between science and society (Fuller, 2000, 
2003). The contract says that society, through the state, finances academic science, 
and gives it autonomy to freely choose its research questions and methods, and to 
set up university curricula and recruitment mechanisms. In this way the state pro-
vides the fuel for the reproduction of academic science. In return for the fuel the 
state expects that the scientific communities make their knowledge production 
available as a free public resource (Bush, 1945).

The Bush line of reasoning is associated with what is known as the linear model 
of technological development. “This [model] locates science at the “upstream” end of 
a one-way process by which useful discoveries and inventions eventually flow down 
into the home, the shop, the hospital and the workplace” (Ziman, 2000, p. 15). In 
other words, the model says that pure scientific institutions – e.g., universities – 
produce and validate (via numerous examples of puzzle-solving) pure nomothetic 
knowledge (symbolic generalizations) that technological institutes, consultancy 
enterprises develop and deliver to smaller industries and entrepreneurs, who again are 
bought or enrolled in bigger companies. It is not possible to predict which particular 
piece of pure knowledge will be utilized later on. We end up with a clear-cut distinc-
tion between pure and applied science where the latter deals with the art of applying 
pure scientific knowledge to practical, but unique, problems.

When Bush’s social contract is put into action, the linear model of technological 
development gains strength. Under such circumstances scientific communities need 
not (and ought not) to legitimize their particular activities as useful to funding agen-
cies as research resources are provided by the state (of course researchers must 
show to their peers that they are scientifically competent). Furthermore scientific 
communities need to recruit new students, and hence new practitioners in order to 
survive (cf. Kuhn). The recruitment strategy of normal science cannot primarily 
refer to the societal utility of normal science, as pure science has no direct societal 
value, but must refer to some internal feature – like, science is fun or intellectually 
challenging.

The legitimation of science is therefore, in our conception of the Kuhnian frame-
work of science, something that is connected closely to Bush’s social contract 
between science and society. Science lives an isolated life supported by the state; it 
shares the products (symbolic generalizations) with the surroundings, and hereby 
fuels the industry’s technology development.
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13.2 Lyotard’s Conception of Science

Jean-François Lyotard (1924–1998) is one of the leading figures in newer French 
philosophy. His ideas about post-modernity have greatly influenced many current 
intellectual debates. In this article we address his essay, The Post-modern Condition: 
A Report on Knowledge, which brought him fame outside France and made him a 
renowned philosopher around the globe1. This is also his most important work in 
which he reflects on science and brings about a conception of science that differs 
greatly from Kuhn’s both with regard to his approach and the outcome of his 
analysis.

13.2.1 Conceptual Framework

In The Post-modern Condition, which was requested by and presented to the 
Conseil des Universitiés of the government of Quebec, Lyotard describes a move 
away from the modern era. The modern world’s view is transforming into a post-
modern framework of understanding and perceiving the world. The movement 
towards post-modernity is described as a transition in the attitude towards meta-
narratives. In modernity meta-narratives were used to legitimize actions, whereas 
post-modernity is defined as a way of thinking where meta-narratives are rejected 
or “tranquilated” as Lyotard likes to depict their diffusion (Lyotard, 1992, p. 18).

Lyotard makes an important distinction between two types of discourse, narra-
tive knowledge and scientific knowledge (Malpas, 2003, p. 21). By narrative 
knowledge he refers to the broad scale of stories we tell each other. The bedtime 
stories we tell our children before they fall asleep; our understanding of ourselves 
as revealed when we attend psychological therapy; and our political and ideological 
stand points about society are all narrative by nature, as they do not essentially need 
any legitimation. These stand in contrast to scientific knowledge, which is always 
in need of legitimation. In modernity legitimation takes place by referring to a so-
called meta-narrative. Lyotard points out two such meta-narratives dominating 
modern thought:

● The idea that the history of scientific knowledge is a history of progress towards 
emancipation and social freedom.

● The understanding that scientific knowledge is progressing towards a unified 
encyclopaedic totality.

The first meta-narrative can be classified as a narrative about justice and freedom. 
Lyotard finds that this narrative begins with the French Revolution of 1789. Here, 
science is legitimized through its potential to emancipate humanity/the people from 

1 The French version of the essay was published in 1979 (Lyotard, 1979). The English translation 
appeared in 1984 (Lyotard, 1984).
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material and social oppression. The second meta-narrative concerns truth. Here the 
scientist is seen as a romantic hero, who is making continued contributions to the 
construction of the unified building of scientific knowledge. Lyotard traces this 
meta-narrative back to the philosophy of Hegel institutionalized in the Humboldtian 
model of university. Here the function of the university is to retain the body of 
knowledge and explain and develop the principles and the foundations of knowl-
edge in its totality. In the end it is Hegel’s speculative spirit that legitimizes science 
(Lyotard, 1984, p. 33).

13.2.2 Legitimation of Science

Lyotard’s central claim is that neither of these traditionally strong meta-narratives 
can any longer survive. In a later work, Lyotard states that the modern project “has 
not been forsaken or forgotten, but destroyed, “liquidated” (Lyotard, 1992, p. 18), 
due to internal inconsistencies (Brügger, 2001, p. 81). Lyotard states: “Simplifying 
to the extreme, I define post-modern as incredulity toward metanarratives” (Lyotard, 
1984, p. xxiv). In that sense he describes the post-modern condition as one in which 
each narrative in society is left in its own particularity with regard to legitimation, 
scope of application, and interrelations with other narratives. No common goal of 
justice or common understanding of truth is perceived to exist.

What then legitimizes post-modern science when it is not a quest for justice, free-
dom or truth? In Lyotard’s analysis of the post-modern condition a third type of legiti-
mation of knowledge and scientific activities is identified. He refers to a scientific 
communal practice as a “language game” and distinguishes “between the denotative 
game (in which what is relevant is the true/false distinction) from the prescriptive 
game (in which the just/unjust distinction pertains) from the technical game (in which 
the criterion is the efficient/inefficient distinction)” (Lyotard, 1984, p. 46).

The first two games rest on the meta-narratives we have already touched upon. 
The third game – the technical game – values scientific knowledge in terms of its 
efficiency or performativity. It is concerned with other types of criteria for evaluat-
ing knowledge. Is this particular scientific knowledge efficient or not in fulfilling 
local aims? Does it entail the desired effects? Will it pay off?

The technical narrative of performativity reflects an instrumental rationality, as 
it only focuses on how one effectively reaches a given goal – it does not reflect on 
the aims themselves. Hereby the technical game differs from the denotative and 
prescriptive ones, which are both value rational. Their meta-narratives hold as an 
intrinsic element the criteria for evaluating specific scientific activities. Do they 
lead to new truths in the encyclopaedia of science respectively to emancipation?

According to Lyotard we have witnessed a gradual historical change from sci-
ence being first and foremost legitimized by grand narratives (e.g., stating that 
scientific results are true or emancipative) to being legitimized locally through its 
performativity. The narrative of performativity can easily be connected to a number 
of small narratives in different ways. As there is no longer any single unifying goal 



290 O.R. Christensen and T. Børsen

of science one appears to be authoritative if one claims such a goal exists. The 
consequence of the rejection of “grand narratives” is not the total rejection of deno-
tative and prescriptive justification strategies. But they can no longer be taken for 
granted, and they are reduced to little narratives (“petit récit”) that function in sub-
domains.

In Lyotard’s post-modern framework scientific activities that follow the rules of the 
denotative, respectively the prescriptive games are gradually being subordinated to the 
technical criteria of efficiency. Scientific development is therefore governed by research 
results’ ability to perform and Lyotard uses the term “techno-science” to signify this 
state of affairs: “There is no denying the dominant existence today of techno-science, 
that is, the massive subordination of cognitive statements to the finality of the best pos-
sible performance, which is the technological criterion”. (Lyotard, 1984, p. 77)

In other words techno-science should be understood as a specific scientific dis-
course on legitimation that cherishes efficiency and performance. This new quest 
for efficiency negates the “science for its own sake” dictum, as the technological 
criterion entangles any scientific work in a practical setting (in a company, in a 
grassroots organization, in a university context, in a political decision making proc-
ess etc.). The quest for efficiency also negates the idea that science emancipates the 
whole of humanity, as humanity conceptually has been split up into many sub 
 cultures. It is impossible to know what benefits the whole of humanity.

13.2.3 Scientific Development

According to Lyotard, this post-modern condition continuously prevents the crys-
tallization of stable paradigms in science:

Research that takes place under the aegis of a paradigm tends to stabilise [. . .] But what is 
striking is that someone always comes along to disturb the order of “reason”. It is necessary 
to posit the existence of a power that destabilises the capacity for explanation, manifested 
in the promulgation of new norms for understanding or, if one prefers, in a proposal to 
establish new rules circumscribing a new field of research for the language of science. 
(Lyotard, 1984, p. 61)

Lyotard denotes this destabilization potential of science as paralogy. In order to have 
a fuller account of this fundamental notion we should consider how Lyotard links it 
to Wittgenstein’s concept of a language game. Lyotard’s method or procedure for 
understanding the post-modern condition is in general emphasizing a Wittgensteinian 
approach to language games. He makes three observations about language games 
(Lyotard, 1984, p. 10); here expressed in relation to a language game of a science:

● The rules of a science do not carry with them their own legitimation but are the 
object of a contract between the players of the game of this science. This means 
that the rules governing what is reasonable to do in, for example, physics or 
mathe matics are not natural but determined by the members of the respective 
scientific communities
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● The rules, by which a specific language game of science is played define the 
game. Some moves in the game are accordingly meaningful and others are not. 
Every utterance and action should be thought of as a move in the game

● Even an infinitesimal change of one rule in the scientific game alters the nature 
of the game. The language game is even open to changes as the result of legiti-
mate moves enters in the game: how to follow a rule is never fully determined, 
and game players continuously “play” with the interpretation of a rule. It might 
change scientific precedent, when an existing rule is applied in a new setting.

Lyotard uses these three observations to clarify the definition of paralogy as 
new moves in a scientific language game (for example a formula is used in a 
new context) or as the invention of a new game of science (for example the 
recent construction of the language game of nanoscience). Hence, by paralogy 
Lyotard tries to pinpoint the fundamental ways of development in science under 
the post-modern condition. This development is partly fuelled by new moves on 
a small scale within an existing discipline and partly on macro level moves 
where new moves in the language game of science create or invent new fields 
of study.

In order to gain further insight into the meaning of Lyotard’s notion of develop-
ment through paralogy we may follow his description of innovation. It is important 
to observe that Lyotard does not equal paralogical development to innovation:

Paralogy must be distinguished from innovation: the latter is under the command of the 
system, or at least used by it to improve its efficiency; the former is a move (the importance 
of which is often not recognised until later) played in the pragmatics of knowledge. 
(Lyotard, 1984, p. 61)

Lyotard links the efficiency/performativity criterion for scientific activities to the 
concept of innovation. Thinking in instrumental terms on making science efficient 
threatens the authentic development of science: the paralogical one that consists of 
making qualitative new moves in the language games of science.

Under the post-modern condition both performativity and paralogy are possible 
local legitimating criteria2. Therefore they can both act as the engine of scientific 
development. Lyotard is a spokesperson for development through paralogy as “[t]he 
logic of performance, of optimizing the system’s overall performance, based on the 
criterion of efficiency, does violence to the heterogeneity of language-games” 
(Peters, 1995, p. 393). Whereas performativity tends to reduce science to instru-
mental reasoning and views science as a mere instrument for societal systems, 
paralogy brings forward new ways of thinking in a local scientific context. 
Performativity, in Lyotard’s framework, potentially annihilates any scientific lan-
guage game that does not benefit the efficiency of a system’s performance. Paralogy 
increases the number of different games and hence the diversity and creativity of 
the overall scientific approach and development.

2 Lyotard also mentions consensus achieved by open discussion as a third possible local legitimating 
criterion for scientific development. But he continuously criticises it by claiming that consensus 
cannot be attainted without oppression and exclusion of minoritarian and incommensurable games.
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13.3 Normal Science Education

We have investigated Kuhn and Lyotard’s different interpretations of the 
legitimation and development of science. In the following we shall try to draw 
some educational consequences of these two approaches. Both accounts focus 
on what scientists do, and how they are expected/need to legitimize their activi-
ties. Both Kuhn and Lyotard are specifically interested in the scientific process. 
Their theories can be seen as a move away from a focus on the products of sci-
ence to a focus on the processes and the everyday practice of science. However 
they are in disagreement with regard to the dynamics of the scientific 
practice.

First we summarize two important characteristics of Kuhn’s conception of sci-
ence that have direct implications for the way science education should be executed 
– his focus on the stability of a discipline’s established knowledge and the isolation 
of a given discipline from external interference. We contrast these focal points with 
Lyotard’s conceptions and finally outline what has been called “Normal Science 
Education” – a perspective on university science education that is in line with 
Kuhn’s theory of scientific development.

13.3.1 Stability Versus Instability

Kuhn’s account of scientific development is essentially describing a modern con-
dition for science where normal science develops according to a fixed logic of the 
paradigmatic game. Paradigms come and go, but do not essentially develop. 
Science is only involved in serious transitions and changes during rare cases of 
scientific revolutions where new paradigms emerge. The central point in Kuhn’s 
philosophy of science is the construction of stable scientific knowledge that prac-
tically no scientific expert doubts: the goal is a state of universal consensus 
among the scientific experts. Kuhn cherishes the stability of scientific paradigms, 
and outlines how such stability is achieved and maintained. Scientists are 
expected to explore the consequences of the paradigm, not to reflect upon or 
change it.

In Lyotard’s opinion, what characterizes contemporary science is something that 
can not be accounted for in a Kuhnian framework. The stable accumulative devel-
opment of normal science is not sustainable under the post-modern condition 
because of the massive subordination under the technological criterion. Instead 
Lyotard suggests that science is best characterized as a paralogical endeavour. The 
rules of scientific language games (paradigms, if you like) change all the time. The 
assumptions and values that characterize what it means to be scientific are con-
stantly negotiated in the pragmatics of science. Scientists are players in scientific 
games. But game rules are not fixed. Language games change all the time – they 
are instable.
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13.3.2 Isolation Versus Interaction

In Kuhn’s theory of scientific development the main idea is that a scientific para-
digm is essentially isolated in its development and no external powers and language 
games influence this development. The development of science is thought of as 
isolated. In this conception of science society benefits from keeping scientific insti-
tutions (universities etc.) autonomous. What is thought to be the basic strength of 
science makes this isolation necessary. Society’s needs enter only at the level of 
applied science.

In contrast Lyotard’s account is based on the perspective that the legitimation of 
science is deeply interwoven with the demands of the social fields outside the realm 
of science. What counts as good science, is not the exclusive decision of the scien-
tific communities. Instead external language games of politics, economics, religion 
etc. become influential in the formulation of research goals. Scientific institutions 
are required to engage in teleological dialogue with users of all sorts. In other words 
scientists need to have the ability to critically transcend their scientific language 
games – that is to see their own practice from other perspectives. The new sciences 
(e.g., biotechnology or nanoscience) can be understood as paralogical moves in that 
direction. They are scientific language games transcending the classical borders of 
scientific activities and by doing so new fields of research are formed with new 
methods of science that drive the scientific development.

13.3.3 Normal Science Education

Kuhn’s focus on the stability and isolation of scientific development has educa-
tional implications. Here we outline what has been called “Normal Science 
Education” – a perspective on university science education that follows from 
Kuhn’s theory of science. University science education plays an important part in 
Kuhn’s philosophy of science. Students need to learn how to identify and solve 
puzzles, as this becomes their primary task when they themselves one day enter 
academia. The kind of university science education that prepares science students 
for puzzle solving has been given the name of “Normal Science Education” (NSE) 
by a Dutch research group (van Berkel et al., 2000).

NSE is probably the predominant form of teaching the classical academic 
disciplines of science in Denmark, and elsewhere at both the secondary and tertiary 
levels of science education. Kuhn’s description of the classical sciences also 
includes an educational focus: university science education must ensure the pro-
duction of good normal scientists. Academic science is very rarely presented to 
students as a body of knowledge with a turmoil history or competing current 
views on specific issues. In short, academic science is presented to university 
students as a set of rules for the scientific game that must be learned and followed 
without questioning.
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NSE therefore leads to convergent scientific thinking. However, it also gives 
academic science a conservative flavour, since it promotes the reproduction of nor-
mal scientific communities via socialization of the up-coming generation of scien-
tists. The socialization takes place by teaching students exemplary uses of the 
symbolic generalizations that take the form of puzzles. The puzzles are solved by, 
applying a given formula in the correct manor and the puzzles have one solution 
only. Another characteristic of NSE is the fictitious divide between science and its 
societal context, which decouples the sphere of science from external fields such as 
ethics and politics.

Hence, the Kuhnian account of university science education rests on the assump-
tion that science aims at the establishment of stable, mono-disciplinary and isolated 
scientific thinking. However, this is not the only aim of science. Controversies can 
be epistemologically fruitful when the normal scientific methodology is incapable 
of capturing nature’s complexity. Kuhn is aware of this – cf. his description of revo-
lutionary science – though this sort of thinking ought not penetrate down to the 
educational level.

13.4 Science Education under the Post-modern Condition

In Lyotard’s conception of science NSE serves no purpose other than to make sci-
ence students familiar with a basic core of knowledge in the classical sciences. The 
idea that the stable knowledge of the classical disciplines should be more basic than 
other fields of knowledge hinges on the encyclopaedic narrative of science. What 
seems to be of the utmost importance in the contemporary state of science is, in 
Lyotard’s view, the capacity to set up and use an efficient strategy in a particular 
context, that is, to solve a given problem.

It should be noted, however, that didactics does not simply consist in the transmission of 
information; and competence, even when defined as a performance skill, does not simply 
reduce to having a good memory for data or having easy access to a computer. It is a com-
monplace that what is of the utmost importance is the capacity to actualise the relevant data 
for solving a problem “here and now,” and to organise that data into an efficient strategy. 
(Lyotard, 1984, p. 51)

Data and information is manifold in the post-modern era. Lyotard speaks of this 
situation as “perfect information” as opposed to a situation where you (for example 
the teacher) have the upper hand in the game by having access to more information 
than the other players (for example the students).

But in games of perfection, the best performativity cannot consist in obtaining additional 
information in this way. It comes rather from arranging the data in a new way, which is 
what constitutes a ‘move’ properly speaking. [. . .] It is possible to conceive the world of 
post-modern knowledge as governed by a game of perfect information, in the sense that 
data is in principle accessible to any expert: there is no scientific secret. [. . .] what extra 
performativity depends on in the final analysis is ‘imagination,’ which allows one either to 
make a new move or change the rules of the game. (Lyotard, 1984, p. 52)
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Lyotard points to the need for fostering imagination in science! Without imagina-
tion neither the production of performative nor paralogical knowledge is possible. 
These two types of knowledge production are described as processes of arranging 
“data” in new ways that change the rules of the game or constitute new moves in 
science. Fostering imagination is therefore also related to the ability to connect 
spheres of data previously disconnected by the traditional disciplinary landscape of 
the Humboldtian university model. If the task of science education is not only to 
pass on mono-disciplinary information but also to promote paralogical thinking in 
science it should also secure the ability to transcend the borders of a given disci-
pline. Education should,

[. . .] include training in all of the procedures that can increase one’s ability to connect the 
fields jealously guarded from one another by the traditional organisation of knowledge. 
[. . .] In Humboldt’s model of the University, each science has its own place in a system 
crowned by speculation. (Lyotard, 1984, p. 52)

Under the post-modern condition the traditional disciplinary matrix is undermined 
because the pressure towards new moves in science erodes this matrix. Aiming for 
performative or paralogical knowledge production is inconsistent with teaching 
inside the narrow frame of Humboldtian scientific disciplines. Urgent and complex 
problems can only rarely be solved inside the frame of only one discipline. Most 
real world problems are in fact transdisciplinary and Lyotard therefore expects the 
classical ordering of the sciences as well as of science teaching to gradually give in 
to this pressure.

The transitions in the disciplinary organization have implications for the role of 
the teacher. Because of the perfect information situation (Lyotard of course had no 
knowledge of the spread of the internet in 1979) he argues that the authority of the 
mono-disciplinary scholar will be challenged by the superior imagination of inter-
disciplinary teams.

But one thing that seems certain is that [. . .] the process of delegitimation and the predomi-
nance of the performance criterion are sounding the kneel of the age of the Professor: a 
professor is no more competent than memory bank networks in transmitting established 
knowledge, no more competent than interdisciplinary teams in imagining new moves or 
new games. (Lyotard, 1984, p. 53)

If the prime focus for science education is to nurture imagination (performative or 
paralogical thinking) in science education, it cannot consist of only receiving infor-
mation about a tradition of what is considered bullet-proof knowledge within a 
given discipline. This was the original task of “the professor”.

We find Lyotard’s perspectives on university education inspiring inputs to the 
educational strategies of universities in coping with the trans-disciplinary sciences 
but also the classical science programmes of physics, mathematics etc. Let us 
summarize what this inspiration might look like by formulating some principles 
for science education’s curricula development under the post-modern condition. 
We propose four important principles that deal with both the matter of content 
and the best possible learning milieu for students, as well as the role of the 
university teacher.
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13.4.1 Open-Ended Problem Solving

Students should learn to handle open-ended problems, not only to solve one-ended 
puzzles. In NSE the idea is to control the outcomes of strategies for solving a sci-
entific problem, whereas the opposite is what could promote paralogical thinking. 
Open-ended and situated problems unavoidably require paralogical solutions, as 
new moves will be needed to find a scientific strategy for solving exactly this par-
ticular problem in a reasonable way. Paralogical thinking could thrive in dealing 
with this type of problem because there is no “true” or “singular” solution to an 
open-ended problem. In an educational environment that presents to students 
unsolved open-ended questions, discussions on scientific method automatically 
surface as an extremely important part of learning a scientific discipline because 
there is no directly applicable method for answering the question.

Problem-Based Learning – or just PBL – is a well known, and in several univer-
sities well-established, way of handling open-ended problem solving educationally 
(Kolmos, this volume). A case-based approach is another way of handling open-
endedness. In contrast to the NSE it is not enough to present students with basic 
puzzles where only one methodological approach is allowed and only one solution 
is the right one. This is obviously counterproductive in making students imaginative 
and creative in their work with scientific problems.

13.4.2 Contextualization

We find that PBL and case-based learning environments are in thread with Lyotard’s 
general account on the status of knowledge in highly developed societies. However, 
the problems and questions that students are asked to work on within these settings 
could be extremely theoretical. This, however, in our opinion could be countered 
by supplementing PBL and case studies with a desire to contextualize the problems 
and questions. Students should be acquainted with problems situated in a particular 
real world context rather than only reproducing canonical and abstract knowledge.

In contrast to the NSE, the performativity criterion that (according to Lyotard) 
presses the development of all sciences forwards means that it will be essential for 
any future scientist to be working in close relation with ongoing real life issues, 
problems or visions. Theory is important but could be reinterpreted as “important 
when needed” in relation to a contextualized problem instead of only being consid-
ered important in itself.

13.4.3 Trans-Disciplinarity

If problems and questions that students work on are contextualized and open-ended 
the possible ways of finding a methodological approach will very often include 
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trans-disciplinarity. The solution strategy will combine knowledge from more than 
one discipline in order to give the best possible solution to a given research ques-
tion. The strategy is poly-paradigmatic rather than mono-paradigmatic. It is valued 
by its effort to combine the insights of several fields of research in relation to a 
particular problem or question that doesn’t fit the disciplinary establishment and 
turn them into a strategy for thinking about this particular problem or question in 
this particular context.

In contrast to the NSE, it is very important for students to be familiarized with 
radically different types of being scientific than those of their own field of study. 
Only by knowing what other scientific approaches look like will it be possible for 
students to learn to navigate in the field of science. The NSE has a very strong 
tendency to isolate each science and especially to seclude them from the sciences 
of other faculties, which makes a truly trans-disciplinary scientific approach of the 
highest quality impossible from the outset, as well as from the wider social, politi-
cal and financial contexts.

13.4.4 Teams of Teachers and Supervisors

In order to bring imagination into students’ learning processes the role of the 
teacher must change. First of all, teams of teachers consisting of researchers with 
different educational backgrounds are needed. Teams of teachers can build the 
trans-disciplinary environment that is needed to both qualify and help the construc-
tion of a combined trans-disciplinary approach to a given problem or question. 
They must also show students in practice what science is all about, how research is 
done properly when trying to solve complex problems or answering complex ques-
tions involving different scientific paradigms and many methodological 
considerations.

In contrast to the NSE concept teachers cannot be thought of as only passing on 
information to students. Students need to be engaged in creating new moves within  
a given scientific discipline. Only by showing students how research can be done 
under highly particular circumstances can they improve their thinking about what 
it means to do scientific research.

13.5 Final Discussions

Different conceptions of what legitimizes scientific activities and what constitutes 
scientific development point towards different educational set-ups in science educa-
tion. Here we have presented two conceptions of science that in many ways are in 
opposition to one another. Kuhn’s conception of science is mono-disciplinary, 
encourages stability and considers scientific activities as a fairly secluded enter-
prise from the remaining spheres of society. Lyotard, on the other hand, is eager to 
explain the transition of the status of knowledge in highly developed societies. 
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Knowledge production is trans-disciplinary – what counts as relevant knowledge is 
not stabile – and demands an immediate cooperation with external spheres of soci-
ety to gain legitimate status.

Inspired by these differences we have sought to contrast the educational settings 
that are inherent in these two conceptions of science. Kuhn’s conception of science 
provides us with a framework for understanding university science education as 
Normal Science Education where puzzle solving and the socialization into a mono-
disciplinary paradigm are essential ingredients. Lyotard, on the other hand, sees 
university education as developing towards dealing with real world problems and 
questions.

We suggest a number of principles that can guide the design of new trans-disci-
plinary study-programmes. The principles are derived from Lyotard’s analysis of 
contemporary science and their relevance hinges upon the correctness of this analy-
sis in describing the conditions for doing science today.

The article, however, highlights another very important concern about university 
science education. The way we as scientists as well as the way in which politicians, 
industry etc. conceive science is intrinsically connected to the way university sci-
ence education is structured: what kind of content is considered essential, what is 
expected from teachers and students, etc. From our point of view university science 
education should be considered as being in a transitional phase as a result of the 
changed status of knowledge in contemporary society. We could think for example 
of the ways in which we generally interpret society as a “knowledge society”, our 
economy as a “knowledge economy”, and how “modus 2 research” takes place not 
(only) at universities but in private companies. This change – whether it is best 
characterized as a post-modern condition or something different – can be expected 
to have vast implications in the future for the university as an institution, and as part 
of the university, science education will not be left unaffected.
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Chapter 14
Modernities, Sciences, and Democracy

Sandra Harding

The “modern” in “modern science” is a relatively uninterrogated and untheorized 
concept within the sciences and in the philosophy, sociology, and history of science. 
This is so today at a time when other aspects of Western sciences have been fruit-
fully explored in critical and illuminating ways (see Christensen and Hansen, Chap. 13; 
and Skovsmose, Chap. 15). In particular, the exceptionalism and triumphalism 
characteristic of Western attitudes toward our sciences have been explicitly criti-
cized and purportedly abandoned by many of the scholars working in science studies 
fields. By exceptionalism is meant the belief that Western sciences alone among all 
human knowledge systems are capable of grasping reality in its own terms – that 
these alone have the resources to escape the human tendency to project onto nature 
cultural assumptions, fears, and desires. By triumphalism is meant the assumption 
that the history of science consists of a history of achievements – that this history 
has no significant downsides. According to this view, Hiroshima, environmental 
destruction, the alienation of labour, escalating global militarism, the increasing 
gap between the “haves” and the “have nots,” gender, race, and class inequalities 
– these and other undesirable social situations are all entirely consequences of 
social and political projects, to which the history of Western sciences makes no 
contribution. Such conventional Euro centric assumptions can no longer gather the 
support either in the West or elsewhere that they could once claim.

In recent decades a huge amount of literature on modernity has emerged from 
the social sciences and humanities. Stimulated by the massive shifts in local and 
global social formations during the last half of the Twentieth Century, and by the 
post-modern response to such changes, social theorists, literary and other cultural 
critics, and, especially, historians have debated the uneven and complex origins, 
nature, and desirable futures of modernity, modernization, and modernism. Such 
controversies about modernity are first and foremost about a culture’s relation to its 
past and its possible futures. They arise as ways of asking what went wrong, and 
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what needs to be corrected. The last half a century has witnessed the global decline 
and fall of belief in the unquestionably legitimate authority of the white, bourgeois, 
male. Contributing to the epistemological, economic, political, and cultural rubble 
left by his demise – or, at least, deflation – have been compelling and influential 
counter-histories of social relations between the races, classes, genders, and within 
colonial and imperial eras.

In light of such extensive recent discussions of modernity and its woes, one 
might wonder whether yet another engagement with the topic could be worthwhile. 
I think there are two reasons to do so. Most of these accounts do not have modern 
science and technology clearly in focus, nor do they seem to think that gender rela-
tions are relevant to either modernity’s crisis or its possible successor. First, the 
science and technology issue. When these authors are from the humanities or clas-
sical social theory and its successors in the West, and whether they are politically 
on the Right, Left, or Centre, science and technology are usually to be found off at 
the periphery of such accounts. Modernity for them is about exclusion of the influ-
ence of religion and kinship in forms of government and citizenship, economy, and 
education, and about a shift from past to future in social orientation. Such exclusion 
makes the creation of autonomous, rational institutions, including those of value-
free modern science and, consequently social progress possible. Since these scholars 
are largely unfamiliar with the critiques of exceptionalist and triumphalist science 
indicated above, they often treat modern sciences as if they played no role in what-
ever economic, social and political ills lead them to question modernity.

Yet interrogating what is meant by the modernity of Western sciences, and what 
have been the consequences and will be the likely futures of commitments to modernity 
in scientific institutions, their cultures and practices, is a more important intellectual 
and political task than such accounts reveal or comprehend. Such a project poses 
frustrating questions, which challenge familiar ethical and political assumptions, and 
even seem critical of the psychic framework that well-intentioned academics bring 
to such a project. Do we have the right to try to answer such questions? Can we, 
especially those of us who are U.S. citizens, contribute to creating the polycentric 
democratic political spaces, in Egyptian economist Amin’s (1997) phrase, called for 
by so many critics of the West’s modernity who want to encourage the design and 
emergence of desirable successors to the West’s global hegemony? On the other 
hand, what are the consequences of our neglecting to engage such issues?

A small handful of critics and defenders of modernity, its political realities and 
promises, have directly focused on the natural sciences and their technologies. In 
today’s world, they ask, do Western sciences promote or retard the growth of the 
democratic social relations and social progress, which have been taken to be dis-
tinctive marks of modernity? Some have argued that these sciences and their 
philosophies in some respects actually block important directions in the growth of 
scientific knowledge and toward social progress – though they have different 
visions of social progress. Here I look at the consideration of these issues by three 
such critics of modernity who focus on the sciences: the French ethnographer and 
philosopher of science Latour (1993), the German sociologist Beck (1992, 1999), 
and the Indian science studies intellectual Nandy (1988).
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The analyses of these three are especially interesting in several respects. First, I 
selected each to represent a distinctive focus in science studies. Latour is an ethnog-
rapher and philosopher, one of the founders and continuing contributors to main-
stream European-American science studies. Beck brings a background in the German 
environmental movement and in sociological theory to thinking about science’s role 
in “risk society.” Nandy has been a continuing contributor to postcolonial science 
studies and especially to its critique of the disastrous recent effects of Western sci-
ences in the Third World. Second, while all are critics of modernity, all find postmod-
ernism an unattractive alternative. Third, all three argue that science has become a 
kind of governance which illegitimately bypasses democratic processes. However, 
fourth, in contrast to postmodern critics of modernity and of philosophies of modern 
science, all three are optimistic about the possibilities for transforming the sciences 
into ones that are politically accountable for their practices and consequences and can 
contribute to social progress, and that are epistemologically less “underdeveloped.” 
All three call for more science, though they want different kinds of sciences than 
those favoured in the contemporary West. They each strategise about how to democ-
ratise science in the service of a radically democratized social order, and how to do 
so by strengthening and expanding the reach of the scientific impulse. This set of 
commitments and projects makes it difficult to categorize any of them as having fully 
modern or fully postmodern commitments.

There is one more feature shared by all three. They are all gender blind – the 
second reason to critically examine the assumptions and promises of modernity and 
of its possible successors. Yet accounts of modernity from the social sciences and 
cultural studies reveal that gender relations are something like the proverbial 800-
pound gorilla standing in the living room of modernity but invisible to all but femi-
nist scholars. In ignoring gendered aspects of both their objects of study and of their 
own accounts, all three deeply undermine the chances of success of their own 
projects. Those of us concerned with social justice need for their projects to suc-
ceed, so this lacuna requires attention.

The first section below outlines a few dimensions of current debates over modernity. 
The following ones sketch out main claims of these three theorists. Section 5 suggests 
that these theorists’ relations to modernity are even more complex than they have 
acknowledged in that their criticisms are themselves enlivened, for both better and 
worse, by central projects of the modern ethos, which presumably they would reject. 
The final section briefly identifies some of the gender issues that these and other partici-
pants in debates about modernity, science, and political theory need to address.

14.1 What Counts as Modern?

To begin, “modern” can refer to a temporal era such as the one following the European 
medieval era, or it can refer to substantive constituents of a society, its structures, 
practices, and discursive commitments or worldview (Wittrock, 2000).

The temporal notion currently is used in the West with three distinct referents. 
For philosophers and many historians of science, modern science begins with the 
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scientific revolution of Copernicus, Galileo, Boyle, Harvey and Newton, and modern 
philosophy begins with Hobbes and Descartes. The early modern philosophers 
often engaged with implications of the new features of the world which new sciences 
such as astronomy revealed, and they thought about the shifts in European social 
formations which they were experiencing. They thought about the new experimen-
talism in the sciences, and about the new science movements of their day (Van den 
Daele, 1977; Shapin and Schaffer, 1985).

Yet some historians of science would date the emergence of fully modern 
sciences later, in the bourgeois revolutions of the Eighteenth Century and the indus-
trial revolution of the late Eighteenth and early Nineteenth Century. They are con-
cerned especially with the increasing power of scientific technologies. Modernization 
theorists, who produce the second kind of temporal notion of modernity, draw 
especially on this kind of history of science. Those concerned with modernizing 
traditional societies, for example in the Third World development policies of 
national and international agencies and institutions after the Second World War, 
always focus on transferring to underdeveloped societies, as they were character-
ized, Western scientific and technological rationality in manufacturing, health care, 
agriculture and other economic sectors. They take Western forms of modernization 
to be the only ones, as did their Nineteenth Century forerunners such as Marx, 
Durkheim, and Weber. For such theorists, as well as for some of their critics, mod-
ernization is identical to Westernization. Modernization means Western moderniza-
tion, and science refers only to Western science.1 Like Nineteenth Century theorists 
of modernity such as Marx, Durkheim, and Weber, modernization theorists have 
expected a gradual homogenization of global societies as Western forms of modernity 
disseminate around the globe. By now, those Third World development policies are 
widely criticized for further immiserating the majority of the world’s poorest 
citizens whom such policies were supposed to benefit (Amin, 1997; Sachs, 1992; 
Escobar, 1995). Feminist work has been an important part of this critique, (Mies, 
1986; Shiva, 1989; Sparr, 1994). Moreover, while modernity is now a global condition 
shaping how all societies engage with the world around them (Wittrock, 2000), the 
expected homogenization of societies around the world has not occurred (Amin, 
1997; Eisenstadt, 2000).

Finally, for literary and cultural theorists, modernism is the late Nineteenth and 
early Twentieth Century movement which follows romanticism. T.S. Eliot, James 
Joyce, Picasso and Seurat are modernists. This literary and cultural movement has 
been the focus of what is perhaps the most developed analyses of the gender of 
modernity (e.g., Felski, 1995; Jardine, 1985), though particular aspects of modernity 
have long been the topic of feminist sociologists and political theorists. 
“Postmodernism,” also, can refer to any one of these three eras. No wonder discus-
sions of “the modern” among people from different disciplines can get confusing.

Deciding just when such temporal eras begin and end, however, requires the 
specification of substantive criteria of the modern, which some particular era does 
or does not meet. Thus the temporal notion collapses into or depends upon the 

1 Yet see Skovsmose’s interesting discussion (Chap. 15).
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disputed substantive criteria (Wittrock, 2000). Substantive conceptions focus on the 
emergence of a differentiated social structure with independent political, economic, 
religious/moral, educational (including scientific) and family structures, and such 
democratic institutions as representative government and a free press. They usually 
centre the presence of a secular worldview, the idealization of universal instrumen-
tal rationality, and a social orientation toward the future rather than toward the past. 
They also include several kinds of contradictory tendencies, such as the insistence 
on universal reason, yet also recognition and even toleration of the pluralism of 
rationalities, and a critical and self-critical attitude along with severe restrictions on 
the appropriate targets of such criticisms. And these substantive conceptions con-
tain unarticulated tensions such as the promotion of a continuing global dissemina-
tion of the modern alongside tacit approval of a continual reconstitution of 
modernity’s other, the traditional – a point to which we return. (Eisenstadt, 2000; 
Wittrock, 2000).

This is the kind of complex and conflicted background against which Latour, 
Beck, and Nandy undertake their critiques of modernity and their examinations of 
the tensions between scientific practices and philosophies, on the one hand, and 
particular modern projects, on the other hand. This background enables them to 
revise modern sciences in illuminating ways. It also enables us to understand their 
work somewhat differently from how they understand it.

14.2  Latour: Where Is a Science for Our World of Hybrids 
and Networks?

Latour argues that modernity and its sciences have an ontology problem. They 
conceptualize our knowledge of nature as separate from matters of our interests, of 
justice, and of power, though it is in fact inseparable.

On page six [of my daily newspaper], I learn that the Paris AIDS virus contaminated the 
culture medium in Professor Gallo’s laboratory; that Mr. Chirac and Mr. Reagan had, how-
ever, solemnly sworn not to go back over the history of that discovery; that the chemical 
industry is not moving fast enough to market medications which militant patient organisa-
tions are vocally demanding; that the epidemic is spreading in sub-Saharan Africa […] 
[H]eads of state, chemists, biologists, desperate patients and industrialists find themselves 
caught up in a single uncertain story mixing biology and society.

(Latour, 1993, pp. 1–2)

We live in an incommensurable mix of nature, politics, and discourse. Yet no one seems to 
find this [story] troubling. Headings like Economy, Politics, Science, Books, Culture, 
Religion and Local Events remain in place as if there were nothing odd going on. The 
smallest AIDS virus takes you from sex to the unconscious, then to Africa, tissue cultures, 
DNA and San Francisco, but the analysts, thinkers, journalists and decision-makers will 
slice the delicate network traced by the virus for you into tidy compartments where you 
will find only science, only economy, only social phenomena, only local news, only senti-
ment, only sex… By all means, they seem to say, let us not mix up knowledge, interest, 
justice and power. Let us not mix up heaven and earth, the global stage and the local scene, 
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the human and the nonhuman. “But these imbroglios do the mixing,” you’ll say, “they 
weave our world together!” “Act as if they didn’t exist,” the analysts reply.

(Latour, 1993, pp. 2–3)

Latour argues that the world we experience consists of networks linking aspects 
of nature, cultural legacies, states and nations, agencies, institutes, corporations, 
official and unofficial policies, de facto practices, mechanisms and other arte-
facts, and even deities. Reality consists of such hybrid networks. Yet modernity 
requires a representation of reality consisting only of images of purified objects. 
It delinks nature from culture, appropriate policies and practices from deities, and 
it delinks agencies, institutes and corporations from mechanisms and other mate-
rial artefacts. Modernity, its epistemologies, philosophies of science, and its 
sciences represent a world of broken networks and dismembered hybrids that is 
not the one in which we live or about which we want explanations. Its sciences 
are intentionally isolated from the reality that needs explanation, and that practice 
itself is a culturally distinct one. We do not live in the modern world that the 
epistemologies and philosophies of science of modernity imagine in their claims 
to transcend cultural values. We, and our sciences, have never been modern, he 
proclaims. He implies that we, and our sciences, are as historically specific, as 
much in the thrall of our own culturally shaped reality, as any other culture and 
its knowledge-system.

Where, Latour asks, are sciences of these networks and hybrids? Not in the 
laboratories or field sites. Rather such sciences have been developed in the dis-
ciplines of science studies, he argues. Its histories, sociologies, ethnographies, 
and textual studies of moments in the history of Western sciences focus on the 
relations between knowledge-seeking and the social, cultural, economic, political 
and even psychic projects of an era (e.g., Biagioli, 1999). Latour is not a fan of 
feminist contributions to this field, but they have been significant (e.g., Braidotti 
et al., 1994; Haraway, 1989, 1991; Harding, 1986, 1991, 2003). Moreover, we 
can note, though Latour does not, that, such studies have been expanded by 
postcolonial scholars to include scientific, instead of triumphalist and Eurocentric, 
investigations of other cultures’ knowledge-systems and of relations between the 
knowledge projects of the West and those of other cultures. While Latour 
appears to be unaware of the increasingly large literature with just such a focus 
that has been developing in these extensions of science studies over the last three 
decades (Harding, 1998a; Hess, 1995; Petitjean et al., 1992; Sachs, 1992; Sardar, 
1988; Selin, 1997), he is nevertheless critical of the West’s traditional negative 
attitude toward other cultures. And his account opens the door to understanding 
the necessity of re-evaluating other cultures’ knowledge systems, though he 
does not himself step through that door or, more likely, even see the value of 
such a move.

Latour does not wish to abandon the West’s Enlightenment project, in contrast 
to some other critics of Western philosophies of science. Instead, he proposes that 
we redefine the Enlightenment to exclude its vision and practices of modernity. 
Thus he is opposed to both the illusion and what he understands as the ideal of 
modernity. However, he is not anti-modern, he says, since the modern never has 
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existed; he is only against taking as real the imagined world of modernity’s sciences. 
And he is critical of postmodernists because, he says, they simply give up and enjoy 
the confusion of the present moment without trying to improve the sciences or their 
faulty ontology:

Postmodernism is a symptom, not a fresh solution […]. It senses that something has gone 
awry in the modern critique, but it is not able to do anything but prolong that critique, 
though without believing in its foundations. Instead of moving on to empirical studies of 
the networks that give meaning to the work of purification it denounces, postmodernism 
rejects all empirical work as illusory and deceptively scientistic. Disappointed rationalists, 
its adepts indeed sense that modernism is done for [….]

(Latour, 1993, p. 46)

Latour proposes that we think instead in terms of the “a-modern.” More competent 
sciences as well as the political work of constructing democratic social relations 
both require reuniting aspects of the world which modernity keeps sundered. “Half 
of our politics is constructed in science and technology. The other half of Nature is 
constructed in societies. Let us patch the two back together, and the political task 
can begin again” (p. 144). The project will be difficult. But “[t]he task of our 
predecessors was no less daunting when they invented rights to give to citizens or 
the integration of workers into the fabric of our societies” (p. 145).

Thus Latour links failures of the modern political project to failures of its knowl-
edge project, though he is vague about just what the former project and its failures 
have been. Advancing democratic social relations as well as restoring the environ-
ment, another important political project, both require a scientific study of kinds of 
objects around us that modernity has banished from view. It is the recently emerging 
field of science studies that has developed the resources to engage in such work, he 
argues. Such studies bring systematic scientific assumptions and methods to the 
description and explanation of the hybrids and networks that constitute reality.

In a later book Latour illuminatingly expands his criticism of the standard 
conceptual framework of modern sciences, which he delineated in the 1993 study. 
He also takes on the task of trying to redefine “the political,” recognizing that if 
sciences and what we know of nature are inevitably infused with social and political 
assumptions, interests, and desires, then revising science requires revising politics 
also. I recommend the part of this book on the faulty standard philosophy of science, 
but I think that the way he develops “the political” is excessively contained by 
distinctively French commitments to “republican democracy.” At least he under-
stands the need to take on such a project.

14.3  Beck: The Incomplete First Modernity 
of Industrial Society

Ulrich Beck argues that a “risk society” has emerged alongside modernity’s 
industrial society. Modern sciences and technologies have enabled industrial 
society to create terrifying global risks. Now we live in a context of generalized 
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employment insecurity. We fear the kind of economic crises that have sunk 
national economies virtually overnight. We fear pandemics such as AIDS, 
SARS, or Asian Bird Flue which can quickly spread around the world with little 
warning, little possibility of immunity, and often few known remedies. New 
kinds of environmental destruction seem daily to threaten our lives and the natu-
ral resources upon which human life depends. Damaging forms of radiation, 
whether from armaments, power plants, or work sites, seem impossible to pre-
dict let alone to eliminate or control. “Everywhere pollutants and toxins laugh 
and play their tricks like devils in the Middle Ages. People are almost inescap-
ably bound over to them. Breathing, eating, dwelling, wearing clothes – every-
thing has been penetrated by them” (Beck, 1992, p. 73). Little appears to be 
known about the effects of genetically modified foods, yet it seems impossible 
to stop agribusiness from producing and selling them. And there are the dangers 
from second-hand smoke, mad cow disease, urban crime and violence, the 
unregulated global firearms trade, and a host of other contemporary phenomena 
– including, now, biological, chemical, and military terrorism – all of which are 
enabled through modernity’s sciences and technologies. However isolated from 
cultural, social, and political influences scientists may imagine their work to be, 
the consequences of their work today are always already embedded in cultural, 
social, economic, and political possibilities for those with the power to turn such 
possibilities into actualities.

Who is to blame? Everyone and thus no one seem responsible for these risks. 
No one is held accountable for them. It is impossible to prove with a reasonable 
degree of certainty that the toxic industry upstream, the tobacco industry, or agri-
business’s use of pesticides and chemical fertilizers was responsible for a particu-
lar pattern of increased cancer rates, or that blame for urban violence or terrorism 
should be placed on the hugely expanded, profitable, and minimally regulated 
arms industry. Scientific technologies seem out of control politically. Thus we all 
seem doomed to have to continue to countenance these increased threats to life 
and health. We live in an environment of manufactured uncertainties and institu-
tional irresponsibility.

Beck argues that this risk society is not the consequence of failures of modern 
industrial societies but of their successes. Beck’s question is “How can the risks 
and hazards systematically produced as part of modernization be prevented, mini-
mized, dramatized or channelled?” (p. 19). Modern sciences, their epistemologies 
and philosophies of science have permitted the development of only semi-modern 
societies, he proposes. Moreover, these sciences and their philosophies are not 
likely to look kindly on the kinds of transformations necessary to make possible 
fully-modern societies and their more self-critical, reflexive, sciences. They will 
resist those developments of sciences that stand a chance of eliminating or even 
diminishing the extent and power of the risk society. The problem is that modern 
sciences profit too much from risk society. “[S]cience is one of the causes, the 
medium of definition, and the source of solutions to risks, and by virtue of that 
very fact it opens up new markets of scientization for itself” (p. 155). The actual 
and perceived threats of the risk society are created by modern sciences and their 
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technologies. However, it is also modern scientific and technological experts who 
are asked to analyze and measure for us these risks. Finally, it is just such experts 
who are then called upon to “solve” the threats of the risk society. The risk society 
is knowledge-dependent. Thus modern sciences and technologies are profiteers 
dependent upon their monopoly on the production of truths, and thus on the con-
tinuation of the very risks their epistemologies and philosophies of science made 
possible in the first place. Here is another way in which we can see how science 
has become a form of governance, a way of “ruling” our lives. Decisions that will 
affect how we live (and die!) are made on scientific and technological grounds 
that bypass the democratic processes to which political decisions are supposed to 
be subjected.

How are we to escape this dreadful scenario? Beck’s solution calls for completing 
the modernity, which he argues industrial society only began. He conceptualizes the 
present moment as a break or shift in modernity. The risk society is the conse-
quence of incomplete modernization.2

We have experienced only the first, industrial modernity, he argues. Only more 
strongly reflexive practices can open up scientific and technological decisions to 
appropriate democratic rule. We need the second, reflexive, modernity that can 
provide more extensive scientific knowledge seeking, broader rationality and 
greater objectivity. By “reflexive” he means here self-critical.

[…T]he framework of risk society again connects what have been strictly discrete areas: 
the question of nature, the democratisation of democracy and the future role of the 
state[….] Risk society demands an opening up of the decision-making process, not only of 
the state but of private corporations and the sciences as well”

(Beck, 1999, p. 5)

A “democratization of democracy” is needed, he argues. Beck pointed out why we 
should expect resistance to such an opening up of decision making. Yet he has 
another insight, which leads him to be optimistic about the possibility of such a 
transformation: it can occur through the expansion of science. There are three ways 
in which such a process is already under way, he points out. One is the dissemina-
tion of the scientific attitude and practices into the systematic study of sciences and 
technologies themselves: the development of “sciences of science” in the field of 
critical science and technology studies. This is one way in which the production of 
scientific knowledge has escaped the monopoly of laboratory and field scientists. 
Scientists do not and should not be given the “last word” on the nature of their own 
enterprise, the culture of science in which they are the natives. After all, one could 
point out, they always recommend against such a practice with respect to other 
groups of natives. Beck cites Latour’s work as an example of this kind of critical 
science and technology studies – while disagreeing with Latour’s claim that “we 

2 Here one could argue against Beck that the risk society is the result of a central failure of modernity, 
namely its restrictions on the modern project, its imposed limits on the scientific impulse, and its 
devaluation of the ethics and politics of science. Beck could respond that he means to point to how 
the modern project restricted its own goals to precisely the kinds of successes which have produced 
these problems.
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have never been modern” (Beck, 1999, pp. 150–152). We need a reflexive modernity, 
he argues, one that can scientifically describe, understand, and explain its own 
principles and practices, which industrial modernity cannot.

A second way in which the risk society itself has inadvertently expanded scientific 
practice is that it makes us all participate in the production of reliable knowledge. 
We must do so because the first modernity proliferates experts who continually 
disagree with each other. “…[E]xperts dump their contradictions and conflicts at 
the feet of the individual and leave him or her with the well intentioned invitation 
to judge all of this critically on the basis of his or her own notions” (Beck, 1992, 
p. 137). Consequently, “science becomes more and more necessary, but at the same 
time, less and less sufficient for the socially binding definition of truth” (p. 156). 
Are smoking and second-hand smoke harmful or not? Do vitamins and herbal 
remedies improve our health and longevity? Which ones and how many should we 
take? Should we increase our intake of fish, since fish oils seem to provide protec-
tion against various forms of cancer, or decrease the amount of fish in our diet since 
fish seem to pass on environmental toxins? Should we take the radiation and 
chemotherapies recommended by Western biomedicine to stop the growth of can-
cers, or the herbal remedies recommended by German pharmacologists? Will the 
benefits of genetically modified foods outweigh their risks? Is global warming 
increasing, and if so what should we do about it? The proliferation of conflicting 
expert opinions on such topics requires that each of us must figure out how to make 
informed decisions about our own nutrition, health, and safety and that of our chil-
dren and other dependents. We are forced to become part of the production of sci-
entific knowledge. The production of scientific knowledge escapes the monopoly 
of scientist experts in this second way.

A third expansion of science can be found in the new emphasis on the impor-
tance of everyday experience to the formation of new scientific questions. Beck 
refers to this as a “science of questions.” We can note, though he does not, that 
daily experience comes in different social forms for the rich and the poor, for 
men and women, for colonizers and their objects of colonization. Thus the new 
social movements representing the oppressed groups in these dichotomies have 
produced important new questions for scientific research; they have produced 
sciences for oppressed groups, rather than primarily to serve the interests of 
militarists, profiteers, colonizers, and male supremacists – an issue to which we 
shall return.

All three cases of the expansion of scientific processes contribute to a democra-
tization of science in which previously inaccessible political processes are made 
observable. Like Latour, Beck inveighs against the division of the world into nature, 
culture, and discourses. There is no pure nature or pure culture, let alone disembodied 
and de-cultured representations of either. Like Latour, Beck also rejects postmod-
ernisms since they simply abandon the crises of the risk society:

A new kind of capitalism, a new kind of economy, a new kind of global order, a new kind 
of society and a new kind of personal life are coming into being […] This is not “post 
modernity” but a second modernity […]”

(Beck, 1999, p. 2)
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Where most postmodern theorists are critical of grand narratives, general theory and 
humanity, I remain committed to all of these, but in a new sense. To me the Enlightenment 
is not a historical notion and set of ides but a process and dynamics where criticism, self-
criticism, irony and humanity play a central role [… M]y notion of “second reflexive 
modernity” implies that we do not have enough reason […] in a new postmodern meaning 
to live and act in a Global Age […] of manufactured uncertainties.

(Beck, 1999, p. 152)

Like Latour, Beck is also optimistic. Needed transformations of the first moderni-
ty’s sciences and social relations are already underway. Beck’s social theory is more 
robust and comprehensive than Latour’s; it provides more clues to how and where 
progressive transformations can and, perhaps, are already occurring. This project is 
pursued in later books, and especially in The Reinvention of Politics: Rethinking 
Modernity in the Global Social Order (Beck, 1997).

Beck’s controversial writings have had great influence on German and European 
social theory. He has also been criticized on a number of grounds, most notably for 
underestimating the continuing power of class (Draper, 1993; New 1994), especially 
in global contexts, for essentializing science and failing to sufficiently analyze its 
political/economic content (Boyd, 1993), for conflating the reality and the perception 
of risk, and for regarding as general a situation which is more distinctive to Germany 
than to other parts of the world. He has also been charged with overemphasizing 
the rift between a first and second modernity, and for taking the ideology of modern 
science for its reality. He responds to some of these criticisms directly in the last 
chapter of Word Risk Society (Beck, 1999), and indirectly in such other writings (see, 
e.g., Beck, 1997). Whatever the limitations of his account, he has conceptualized in 
provocative ways important questions about how contemporary science functions as 
a kind of governance of our daily lives behind the back, so to speak, of democratic 
political processes. He also offers alternatives to both the current politics of moder-
nity and its sciences and to postmodernism’s fatalism. He points to valuable ways in 
which scientific expertise is already escaping the monopoly of natural scientists.

Both Beck and Latour mention science and Western modernity in their global 
contexts, and criticize Western attitudes toward other cultures. Indeed, Beck’s 1999 
book focuses on this topic. Yet neither exhibits the kind of deep grasp of this issue 
that can be found in postcolonial science and technology theorists. There are deep 
differences between various tendencies in this now rich literature, (see, e.g., 
Harding, 1998a, 1998b and Hess, 1995 for overviews of central themes in these 
writings, and Harding, 2006, 2008 for further discussion of such issues). Yet Ashis 
Nandy articulates some themes common to most of them.

14.4  Ashis Nandy and Postcolonial Science 
and Technology Studies

Postcolonial science and technology studies have produced a distinctive vision of 
modern Western sciences and their philosophies. The origins of this field can be 
found in attempts to re-evaluate objectively – that is, outside the familiar Eurocentric 
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exceptionalist and triumphalist framework – indigenous scientific and technological 
traditions in ex-colonized societies. It can also be found in criticisms of the imperial 
and neo-colonial character of the new Third World development policies in the 
1950s, and the role of Western sciences and technologies in such policies and sub-
sequent practices. Development was from the beginning conceptualized as the 
transfer of Western sciences and technologies, and their distinctive rationality, to 
the so-called underdeveloped societies. Thus the practices and philosophies of 
Western sciences and technologies would be implicated in the successes and fail-
ures of Third World development. This point has been virtually invisible to Western 
philosophies of science, which still focus for the most part on what happens in labo-
ratories in Europe and the United States. These postcolonial science and technology 
studies emerged as a distinctive field in English-language writings by the early 
1980s, and so have now accumulated more than two decades of books, articles, 
journals, conferences, manifestos, websites, and a significant presence in ongoing 
projects of United Nations organizations as well as other national and international 
institutions and agencies. There has always been at least a sprinkling of Western 
activists and scholars involved in these projects.3

Meanwhile, studies of “multiple modernities” have appeared (Daedalus, 2000). 
Interestingly, modern sciences and technologies, Western or not, are barely men-
tioned in this work. Yet many of its assumptions and arguments also appear in 
postcolonial science and technology studies. One shared point is that modernity is 
not the same as Westernisation. At least some non-Western societies are clearly 
modern, with differentiated social institutions, multiple political parties, repre-
sentative government, a free press, or some combination of these, as well as highly 
developed technology and science sectors (consider, for example, India and South 
Korea). Yet they look very different from modern Western societies. Often their 
sciences look different, for they overtly combine elements of modern Western 
sciences and of traditional knowledge systems, including their local values and 
interests. Many of the elements the theorists of modernity presumed were requisite 
for modernization are missing in these cases. For example, they often do not give 
up central elements of their traditional identities. Their sciences are often openly 
infused with traditional religious and cultural assumptions and projects.4 Thus, 
in spite of increasing global economic, political, and cultural linkages, global 

3 A few of the important works here are Brockway (1979), Groonatilake (1984), Haraway (1989), 
Headrick (1981), Hess (1995), Joseph (1991), Kochhar (1992–93), Lach (1977), McClellan (1992), 
Nandy (1988), Needham (1954), Petitjean et al. (1992), Philip (2003), Prakash (1999), Reingold 
and Rothenberg (1987), Sabra (1976), Sachs (1992), Sardar (1988), Selin (1997), Shiva (1989), 
Third World Network (1988), Watson-Verran, and Turnbull (1995). See also Harding (1998a).
4 I say “openly” in contrast to the widespread but unacknowledged permeation of Christian assump-
tions in European/U.S. sciences and their philosophies, as historians of science point out. (Needham, 
1969; Noble, 1992; 1995) And, of course, Western sciences and their philosophies also contain 
distinctively Western economic, political and social assumptions beyond the religious ones.
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homogenization has not been the consequence of the dissemination of modernization, 
its sciences and their rationality. Instead we have a world of “indigenous modern 
knowledge systems.” Indeed, Latour and Beck, like the postcolonial theorists, both 
identified distinctively Western features of Western modernity’s sciences. Are 
these “incomplete modernities” (Ortiz, 2000) or simply different modernities? 
Does regarding them as incomplete invariably retain Western standards for modernity?

Here the focus will be on just one leading figure in the postcolonial science stud-
ies debates, the Indian psychologist and science theorist and activist, Ashis Nandy. 
His discussion of Western modernity’s sciences expresses kinds of criticism widely 
articulated in the various streams of postcolonial science and technology studies. 
Nandy’s work has made him a well-known and controversial intellectual in India 
as well as in the West. The Intimate Enemy: Loss and Recovery of Self Under 
Colonialism (Nandy, 1983) is the book most familiar to Westerners. He is the 
author or editor of some 13 other books, including one on racism in the West, 
reflections on Adorno and Marcuse, on environmentalism in India, and many other 
topics. In most of these writings he has focused on knowledge systems. As one 
observer puts his main point:

How is it, as Nandy has asked, that the notions of modernity, science, development, and 
instrumental rationality have come to predominate in our understanding and ordering of the 
modern world, and what have been the consequences of imposing, largely through the 
mechanisms of colonialism, nationalism (the purported opposite of colonialism), and now 
the nation-state, these supposedly natural categories, upon the entire world?

(Lal, 2000, p. 7)

With this background in mind, I focus here on the particular issues he raises in his 
essay Science as Reason of State (1988). These bring into focus some themes 
shared with Latour and Beck’s criticisms of science and modernity and some that 
are distinctive to postcolonial science studies.

In this essay Nandy focuses on the fact that the Indian Government developed 
modern sciences and technologies, after the end of British colonisation, as a way of 
claiming the power and potential global influence of the Indian state. India saw the 
establishment of state-of-the-art scientific and technological institutes and the train-
ing of huge numbers of Indian scientists and engineers as the way for India to excel 
at activities highly valued by and politically advantageous to the West, and to insert 
itself into the highest level of global politics.

Today India has the third largest scientific and technological workforce in the 
world. Large segments of it are located in “off-shore” research elsewhere in Asia 
for U.S. corporations, in “silicon Valley” in California, in U.S. and European uni-
versity science departments, and other science and technology sites in the West.

Nandy points out that like the space programs in the U.S., the Indian science and 
technology initiative clearly had military and commercial benefits. Also like the 
space programs, it also served nationalism, increasing the global status of the 
Indian state. Such a triumph justifies the means through which it was achieved 
which could not stand the scrutiny of democratic processes. That is, this state 
project was not the result of the democratic political processes to which the Indian 
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government is supposedly committed. The status of science and technology was 
used as an excuse for the Indian state to install political programs – science and 
technology programs – that bypassed democratic decision processes. Science 
became a “reason of state.” But Nandy is not just making another “external” criti-
cism of modern science. Instead he asks what it is about modern science itself that 
permits it to invite the state to develop and use scientific knowledge outside demo-
cratic processes. He is concerned not only about modern science as practiced in 
India, but also in the West, of course.

This question about the nature of science is a crucial one, Nandy argues. Through 
the application of scientific and technological expertise justified by appeals to 
social progress, violence is permitted around the globe against nature, cultures, and 
the Third World. Purportedly progressive scientific and technology projects destroy 
the environments upon which the world’s poorest citizens directly depend for their 
daily subsistence, and upon which all of us, and the generations following, depend. 
They deny cultures’ democratic participation in decisions that have powerful 
effects upon their living conditions.

[M]odern science has the capacity within it to sustain a culture of science, which is incom-
patible with democratic governance as well as with the democratic rights of those who are 
turned into the subjects of modern science and technology. 

(Nandy, 1988, p. 10)

Scientific projects produce a massive silence about the future of the Third World, 
which is being further immiserated through the practices and consequences of sci-
entific and technological projects. He argues that in the imagination of Western 
states and their scientific and technological thinking, apparently the Third World is 
to be discarded. It is to exist for the extraction of raw materials, to serve tourism, 
as the recipient of toxic industries and toxic dumps, and as a source of labour in 
such projects there and to meet labour needs in the West, (see also Amin, 1997). 
We can add that it also serves as a consumer of the Western arms industry. Perhaps 
“exploited” is more accurate than “discarded” to characterize a segment of the 
world that is part of global networks so vital to Western interests; nevertheless, 
Nandy’s point is well taken.

Particularly disturbing to Nandy is “[…] the manner in which the link between 
science and violence in India has been strengthened by forces within the culture of 
Indian science, forces which in other cultures of science in some other parts of the 
world have been either less visible or less powerful” (p. 6). The Indian science 
establishment,

[…]on its own initiative, has taken advantage of the anxieties about national security and the 
developmental aspirations of a new nation to gain access to power and resources […T]he 
privileged among Indian scientists have often been the most vigorous critics of civil rights 
group struggling for protection against the hazards of a callous nuclear establishment. (p. 6)

Thus it was not some totalitarian external power that forced the scientific establish-
ment to state agendas. Rather, the scientific community used state and popular 
anxieties to advance its own status.
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Nandy calls for the “repoliticization” of science. By this he means the establishment 
of an ongoing political audit of the effects of science projects by those external to 
the sciences and to the states at issue.

[T]he intellectual challenge is to build the basis of resistance to militarisation and organised 
violence, firstly by providing a better understanding of how modern science or technology 
is gradually becoming a substitute for politics in many societies, and secondly by defying 
the middle-class consensus against bringing the estate of science within the scope of public 
life or politics. (p. 10)

In this respect, protest movements and their critical science studies writings can 
help to make “every man his own scientist” – to democratise decisions about what 
kinds of scientific and technological knowledge to seek and who will receive the 
benefits and bear the costs of such projects. India needs to re-examine and reedit its 
own scientific traditions, incorporating aspects of Western sciences where desira-
ble. Similarly, Western societies need to engage in such a project with respect to 
their own traditions.

India and other Third World societies could provide models for the West in this 
respect, Nandy argues. India has had some six centuries of interaction with the 
West, two of which were as colonies of England. It has a deep familiarity with 
Western knowledge systems as well as, of course, with its indigenous systems.

[…] the Indic civilisation today, because it straddles two cultures, has the capacity to 
reverse the usual one-way procedure of enriching modern science by integrating within it 
significant elements from all other sciences – pre-modern, non modern and postmodern – 
as a further proof of the universality and syncretism of modern science. Instead of using an 
edited version of modern science for Indian purpose, India can use an edited version of its 
traditional sciences for contemporary purposes. (p. 11)

Thus India, “by virtue of its bicultural experience, manages to epitomize the global 
problem of knowledge and power in our times” (p. 11). Its strategies for resisting 
the substitution of science for politics by democratizing science and technology, and 
for strengthening a modernity which is not identical to Western modernity, can serve 
as an important model or social experiment for Western societies.

14.5 Still Modern, Still Traditional

Each of these theorists of modernity and its sciences has drawn to our attention 
distinctive aspects of the current crisis. Each criticises the limitations of the modernity 
and its sciences that we have had. Each criticises the inability of postmodernism 
to provide solutions to these limitations. Each focuses on the tensions between the 
commitments of Western societies to democratic processes of governance, on the 
one hand, and, on the other hand, the authoritarian ways that scientific and techno-
logical decisions are made, decisions that “govern” our lives in powerful ways. 
Each calls for democratizing science in the sense of extending critical scientific 
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practices to the examination of sciences themselves, and providing an “audit” of 
which groups bear the costs and which receive the benefits of the practices and 
consequences of particular scientific projects.5 Each proposes ways to transform, 
update for the present world, and democratize modernity and its sciences, while 
Nandy also suggests that such projects in the Third World can serve as models for 
the Western ones. All three are optimistic about the possibilities for successfully 
engaging in such immensely challenging projects.

One could argue that the ways in which these theorists relate their concerns to 
issues about modernity, pro and con, are not the most important or valuable parts of 
their rich analyses for those interested in relations between systems of knowledge and 
of democratic governance. This may be so. Yet I suggest that because issues about 
how a culture thinks about modernity are issues about its relation to its past and to 
possibilities for the future, we should resist the temptation to dismiss the modernity 
issues as irrelevant to the scientific and political projects of these theorists. Moreover, 
it is interesting to note that the relationship of their accounts to modernity remains 
more complex than their pronouncements about it acknowledge.

14.5.1 Still Modern

For one thing, in several significant senses of the term all three of these analyses 
are fully inside modernity’s program. Of course Beck already frames his analysis 
as demonstrating the need for an even more completely modern program than the 
first modernity, industrial modernity, embraced. And Nandy calls for multiple 
modernities. As several commentators on Nandy’s work have pointed out, Nandy’s 
relation to modernity is far more complex than a simple rejection or affirmation can 
convey (Lal, 2000). Yet all three theorists’ projects can be understood as centrally 
modern ones in more conventional ways. This becomes clear once we keep firmly 
in mind the insistence of Nandy as well as of others that modernization does not 
have to – indeed, should not – mean only Westernisation (see, for example, Philip, 
2003; Prakash, 1999; Eisenstadt, 2000).

Consider how all three accounts exhibit a good part of the classical set of sub-
stantive characteristics of modernity indicated earlier. All three emphasize the 
importance of active, human agency in transforming the sciences we have. All appeal 

5 It is useful to refer to this extension of critical scientific practices as ‘politicizing science’ by 
returning issues of governance to the realm of public discussion and political decision. Yet it 
would be as reasonable to refer to the processes by which scientific institutions come to monopolise 
scientific and technical decisions that have political consequences as the politicisation of science. 
Such processes surreptitiously redefine as merely scientific or technical issues fundamental political 
issues of how we shall live our lives, who shall receive the benefits and who bear the costs of 
scientific and technological work, which, incidentally (for financing is not the main issue here), is 
itself financially supported by the citizenry. The scientific monopolisation of what are fundamental 
political issues removes from the public realm discussion of how we shall be governed. I borrow 
this point from Proctor’s (1988) discussion of how the Nazis politicized science.
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to the reasonableness, the rationality, of their proposals as a motivation for voluntary 
action. All three stress the importance of bringing the sciences and their philoso-
phies under the control of commitments to a rational and democratic social order. 
Thus all three are committed to social progress. All three call for an expansion and 
intensification of science’s self-critical attitude and practices, specifying distinct 
aspects of science that need criticism. All articulate a historical consciousness, 
insisting on conceptions of sciences as fully inside not only the conventional intel-
lectual histories, but also social, cultural, economic, and political histories.

Moreover, from its origins modernity has promoted pluralism and protest move-
ments. All three specifically assert the value of multiple, culturally distinctive 
sciences. And all are engaged in precisely the kind of protest, and protest movements, 
that have been prominent in the history of modernity (whether or not one fully 
agrees with the agendas of these movements). Furthermore, all three contribute to 
contemporary struggles over the appropriate definition of the realm of the political. 
Contrary to the standard view that politics occurs only in and about formal govern-
mental structures, these theorists argue that expert scientific decisions are inherently 
political, for they disenfranchise those groups which don’t count as experts from 
participating in decisions about the basic conditions of their lives – conditions 
which determine whether they will live or die.

Finally, one could argue that all three represent an unfortunate, but not acciden-
tal, tendency in modernity in that they ignore women’s issues and, in particular, 
women’s relation to modernity and its sciences. They treat women as if they existed 
outside the realm of the social and political. In their accounts we could be forgiven 
for thinking that perhaps women are just a natural phenomenon. And these theorists 
are writing not in the Nineteenth Century when they would have had to struggle to 
produce the kinds of feminist analyses which emerged three decades ago, but in the 
1990s, when gender analyses are to be found virtually every day in the newspapers 
and other media. This is not to say that these authors have no appreciation at all of 
feminist work. Indeed Latour gestures to Donna Haraway’s work, Nandy has 
voiced support for some feminist issues, and Beck evidences a most fulsome appre-
ciation of the political importance of women’s movements (Beck, 1997). Yet none 
engage with feminist science or modernity critiques; none take women to be agents 
of the transformations of science of interest to them.

Thus it appears that these three severe criticisms of conventional forms of 
modernity are still fully within the historical ethic and practice of modernity in a 
number of ways – a claim to which perhaps none of the three would object. Yet the 
plot thickens, for it turns out that modernity’s projects are always dependent on the 
persistence of pre-modern skills and practices.

14.5.2 Still Pre-Modern

The power of appeals to the modern always depend upon the continued discursive 
construction of its opposite, the traditional. “The modern” is always defined in relation 
to this partner. Or, to be more precise, modernity continually discursively recreates 
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the power of the threat of the traditional as its own rationale. This is one way in 
which modernity does and must continually reproduce the pre-modern as its neces-
sary Other which is both outside it and yet inside its discursive framework.

But it is not the only way. Modernity also hides its reliance on actual pre-modern 
skills and practices. Modernity cannot make its way in the world without the 
skilled, “expert” work, one could say, of people who can and will continuously 
translate, network, or otherwise link modernity’s conceptions and activities to tra-
ditional ways of living in and interacting with the world around us. In this way also 
modernity perpetuates the pre-modern inside itself, so to speak. Or, to put the point 
another way, modernity can only exist within an unacknowledged cocoon of pre-
modern skills and activities. A couple of examples can clarify this issue.

In an earlier essay I argued that if we take the standpoint of the economically 
and politically most vulnerable women in the Third World – those who have been 
a main target of First World so-called development aid – we can come to understand 
an aspect of modern scientific rationality which is hard to see from the perspective 
of those of us who most benefit from it here in the First World (Harding, 1998b). 
This is that modern scientific philosophies and modernization practices can only 
succeed if they continually reproduce social practices which they associate with the 
pre-modern. Pre-modern cultures and their knowledge-seeking practices are inside 
modernity and its sciences in this sense.

Consider how this phenomenon became visible to feminists engaged in the 
debates over women’s work, environmental destruction, and Third World develop-
ment. Early feminist criticisms of development policies argued that women around 
the world were being left out of development. The kind of scientific and technologi-
cal training which made possible greater access to agricultural and manufacturing 
jobs for export production had been restricted to men. This was because Europeans 
and Americans in the development agencies and their funders perceived such jobs 
as men’s work regardless of which gender had performed traditional forms of agri-
cultural and manufacturing labour in Third World societies. Modern production 
was consistently gendered as masculine. Thus men were drawn into modernized 
work in distant cities or plantations, leaving women, children, the old and the sick 
behind to survive on their own largely without benefit of adult male economic or 
social assistance. The early feminist argument went that women, too, should be 
educated so that they could access such means of livelihood. Modern work did not 
have to be gendered. Androcentric development policies were unfairly leaving 
women behind with access only to pre-modern forms of work and community, and 
under conditions of deprivation at that.

However, it soon became apparent that there was another story to be told about 
such development processes. Mies (1986) argued that development policies suc-
ceeded, when they did, only because they legitimated the appropriation of both 
women’s and peasants’ land rights. They did so through processes much like the 
enclosing of the “commons” in industrializing Europe and the United States in which 
public grazing and agricultural lands were transferred to private owners. Moreover, 
the labour of women and peasants was appropriated from subsistence work for their 
own kin and communities into the capitalist agricultural and manufacturing export 
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economies favoured by Northern corporations and international agency sponsors. 
Mies pointed out that the Marxists were wrong; “primitive capital accumulation” 
had not ended by mid-Twentieth Century, but rather continued through Third World 
development policies and practices. The families and communities dependent on 
women’s domestic labour were left even more the responsibility of women alone, 
who now had to replace through low-paid labour for local and international industries, 
as well as through sex work and domestic labour far from home, the economic 
contributions that had been provided to them, their dependents and communities 
through their work and their men’s work on their own lands.

Thus the claimed social progress of modernization could only be achieved 
through social regress for women and peasants. Women and peasants lost their pre-
modern rights and ways of living, though their pre-modern labour was and remains 
a necessary part of modern scientific agriculture and manufacturing. Indeed, some-
one must reproduce the next generation of agricultural and manufacturing labour-
ers. The new forms of pre-modern labour of women and former peasants were 
created through modernization processes; they are not an anachronistic residue of 
pre-modern conditions. Beck made a similar point about women’s continuing con-
temporary “feudal” household labour in the North, modernity transformed a form 
of oppression and exploitation that existed outside capitalism into a different one 
that was central to the successes of capitalism (Beck, 1992).

Third World development policies and practices thus exemplified the pattern 
earlier detected by historians whereby women’s political and economic regress is 
often an enabling condition for “progress for humanity.” Kelly-Gadol (1976) had 
drawn attention to the persistence of this phenomenon, focusing in particular on how 
women consistently lost legal rights, economic power and social status at moments 
of so-called democratic progress from Fifth Century B.C. Greece through to the 
European industrial revolution and the Jacksonian era in the U.S. In spite of the 
benefits “social progress” has brought to some groups of women, on balance women 
in every class tend to lose social status and material benefits in such processes. 
Women’s losses thus constitute a “contribution” to so-called human progress.

This reproduction of the pre-modern within modernization processes has now 
also been described with respect to the introduction of modern sciences and tech-
nologies themselves into traditional societies. For example, Japanese philosopher 
and historian of technology Murata (2003) describes how the creativity of an 
advanced sector of modern technology has depended upon the restriction to cultur-
ally acceptable patterns of the flexible ways it may be interpreted or linked to local 
practices. This adaptation is provided by the traditional technology sector in Japan.

One of the most conspicuous characteristics of the modernization process in Japan is the dual 
structure of its socio-technical network with an advanced sector of modern technology and a 
parallel domestic sector of traditional technology. The advanced sector functions as if trans-
ferred technology guides and determines the way of modernization. In reality, however, the 
advanced sector interacts with the domestic sector, where traditional technology plays a role of 
instrumental rationality, decreasing the gap between the two sectors sufficiently that advanced 
technology becomes adapted to local practices. Through this interaction, the scope of flexivity 
is restricted, the process is channelled in a certain direction, and rapid and continuous adaptation 
and development of technology becomes possible, (Murata, 2003, p. 263).
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The very abstractness and generality of modernity’s sciences and technologies 
permit them to be interpreted in many different ways and thus to be practiced, 
applied, or interpreted in many different cultural contexts. But in each case, such 
abstract and general principles must be connected to local cultural resources, values, 
and interests. This task can only be done through pre-modern “craft labour.” In such 
accounts we can see another way in which the intellectual and social progress 
achieved by modern scientific and technological rationality in fact depends upon 
the continued nourishment of pre-modern, traditional local modes of thought and 
practice within modern practices.

My point here is, first, that it is a mistake to think that modern ways of thinking 
and acting could ever completely replace pre-modern ways, as the classical 
modernization theorists supposed. Thus the spread of modernization globally does 
not have a homogenizing effect on cultures, as the theorists predicted. Rather, the 
advance of modernization requires the continual culturally local adaptation and 
realignment of pre-modern thinking and acting. They do not disappear, but rather 
adjust themselves to “the modern” as they adjust their particular, local part of “the 
modern” to culturally distinctive values and interests.

Modernity’s commitment to trans-cultural abstractness and generality insures 
that it can only be practiced in ways pre-modern thinking and practice can interpret. 
This realization provides yet another reason to question the kind of temporal speci-
fication of modern societies, which locate them after traditional ones. Rather, it 
appears that the former emerge within or alongside traditional societies. Moreover, 
to the extent that the three science theorists discuss adopting the temporal specifica-
tion of modernity, they fail to engage with modernity’s persistent and necessary 
dependence upon tradition skills and practices.

14.5.3 Two Missing Foci

This brings us to two issues under-engaged in these accounts. One is the role 
already being played by existing practices of social justice movements, such as 
some environmental movements, anti-racist movements, and feminist movements 
in developing and putting into practice precisely the programs recommended by 
these theorists. Of course Nandy speaks from the history and practices of the lively 
postcolonial science movement and points to its importance in agitating for politi-
cal audits of science and technology programs. And Beck (1997) emphasizes the 
importance of environmental movements. Yet critical examinations of the gender 
of modernity (Felski, 1995; Gole, 2000; Jardine, 1985; Philip, 2003) and of andro-
centrism in science and technology projects and their philosophies, North and 
South, are virtually unacknowledged in the thought of all three theorists. (See 
earlier citations). Gender analyses have charted the distortions and political dam-
ages created by the hyper-masculinization of modernity and its scientific and 
technological projects. Third World feminist criticisms of development policies 
have specifically focused on their androcentrism as well as their racism, colonialism 
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and imperialism. These identify how such androcentrism further disempowers not 
only the half of the Third World constituted by women and girls, but also the other 
half, the male half, which depends upon the knowledge and labour of women to 
maintain families, the elderly and sick, and the community relations and resources 
upon which men and boys depend, as well as to produce cash income. The range 
and power of gender analyses is too big a topic to pursue further here, but its 
necessity should be noted.6 The “modernities” on which Latour, Beck, and Nandy 
focus are distinctively gendered, and the remedies to their scientific and political 
limitations must directly engage with these gendered aspects of the democracy to 
which these theorists aspire.

Another absence from these accounts is recognition of the relatively recent change 
in the economic status of the production and management of information. This kind 
of work has moved to the “base” of the global political economy thanks to the devel-
opment of electronic media, especially the Internet (Castells, 1996). The production 
and delivery of goods (food supplies, manufacturing components, retail store stocks), 
as well as scientific research, and international environmental policy are now organ-
ized through the Web, e-mail, and cell phones. So are terrorism, criminal activity, and 
progressive political protests. New configurations of scientific communities have 
emerged following the 1989 end of the Cold War and the huge migration into expertise-
hungry private industry of scientists whom university laboratories no longer had 
funds to employ (Gibbons et al., 1994; Nowotny et al., 2001). New forms of capitalist 
production are complicating the traditional understandings of modernity’s rationality 
in yet further ways (Kleinman and Vallas, 2001). A large-scale map of possible future 
directions of capitalist expansion and of possible effective forms of resistance to it are 
required for effective planning for democratic sciences in democratic societies (e.g., 
Amin, 1997). The West’s prevailing philosophies of science, modernity, and democ-
racy are poorly equipped to enable democratic policies for directing these new social 
relations. Latour, Beck, and Nandy have provided helpful clues for how we might 
begin to rethink central aspects of this new production and management of informa-
tion, but none provide the conceptual resources to grasp such phenomena in maxi-
mally inclusive and effective ways.

14.6 Conclusion

In conclusion, there is a tendency among both defenders and critics of modernity 
in the humanities and in social theory to neglect or undervalue the role that modern 
sciences have played in advancing modernity and modernization projects, and to 
misunderstand the relation between the modern and the traditional. Reflecting on 

6 
  The relations to feminism of Latour and Nandy deserve more critical assessment than I have here 

given them, as some readers will be aware. On the other hand, Beck is more eloquent in his overt 
appreciation for the power of the women’s movements than I have indicated. Nevertheless, he does 
not engage with their work on science or modernity. He doesn’t see them as making any distinctive 
contribution to the kind of project he is advancing.
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the arguments of these three critics of modernity, Latour, Beck and Nandy, enables 
us to appreciate how historically specific forms of knowledge-production always 
are co-constituted with specific forms of governance and of public politics. Today, 
when the production and management of information have moved to the base of the 
global political economy, and when sciences’ power to govern behind the back of 
democratic political processes is at its all-time high, we certainly cannot afford to 
ignore identifying fully the actual links between scientific practices and democratic 
principles, nor can we ignore the need to debate in maximally democratic spaces 
goals and strategies for change. We cannot afford to turn our backs on our own 
actual and desirable embeddedness in a modernity which has consistently defined 
itself against the feminine and the traditional, both of which are firmly lodged, and 
necessarily so, in its very core.

Well-educated students in the sciences and mathematics now need a far richer 
understanding of how scientific and technological research and practices function 
in the changing world around us. Conventional philosophies of science, and the 
science and mathematics education curricula and pedagogy which they still guide, 
lead us only to an obsession in research with a mythical past that never could, even 
in principle, deliver the scientific and social benefits it promised.
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Chapter 15
Towards a Critical Professionalism 
in University Science and Mathematics 
Education

Ole Skovsmose

Descartes is often referred to as the first modern philosopher, as he introduced a 
new way of looking at knowledge and nature. This new way is initiated by a universal 
doubt that allows Descartes to question what has been presented as knowledge, 
regardless of what authority has claimed it to establish fundamental truths.

Modernity can also be related to scientific and industrial developments by 
paying special attention to the fact that the so-called Scientific Revolution was 
followed by an Industrial Revolution. Naturally, there are no direct causal links 
between the two revolutions as many elements, including non-scientific ones, con-
tributed to the Industrial Revolution. But it is still important to observe that 
Modernity relates to scientific and technological development, which introduces 
new forms of production.

Modernity is characterized by certain political developments including the 
advancement of democratic ideas. As part of the French Revolution, ideas of free-
dom, equality and fraternity entered the scene and signified a new political outlook. 
This revolution composes part of the modern era, regardless of the fact that a politi-
cal barbarism was soon to follow this revolution providing the first raw material for 
Madame Trousseau’s production of masks of famous heads.

The great discoveries made an initial step into the modern area, and Modernity 
marched along with colonization of the so-called New World. Slavery and racism 
accompanied the exploration of modern principles of governing and the emerging 
democratic outlook. This brings highly critical elements into the glossy self-portrait 
of Modernity. An ultimate destruction of the rosy picture is found in the Holocaust 
and Modernity, where Bauman (1989) portrays the Holocaust as a possible aspect of 
modern rationality, and not as a simple pathological event in the flow of history.

Finally, one could claim that modernity has come to an end, and there is no lack 
of suggestions for what to call the epoch we are entering, or about to enter: post-
modernity, late modernity, liquid modernity, risk society, reflexive modernity, 
information society, informational society, network society, hyper-complex society, 
knowledge society, learning society, Modus-2 society.

Ole Skovsmose
Aalborg University, Denmark
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When we take a look at science and mathematics education, in particular as they 
are organized in a majority of universities and higher educational institutions all 
over the world, it appears to many (including me) that this education is to a great 
extent still framed according to the outlook of Modernity. As a consequence, an 
important challenge facing science and mathematics education is to consider what 
it could mean to move beyond the assumptions of Modernity.

15.1 Assumptions of Modernity

What then should be counted as the assumptions of Modernity? I will impose some 
strong limitations and address only some assumptions concerning knowledge and 
science. I will concentrate on aspects of “modern rationality” as this is expressed 
in science and mathematics. By doing so, I will try to prepare for a critique of 
rationality as part of a critique of Modernity.1 I will pay attention to three assump-
tions, namely the assumptions of progress, neutrality and epistemic transparency. 
The assumption of progress claims that the development of human knowledge and 
of science in particular is the true motor of progress in all aspects of life. The 
assumption of neutrality claims that science and mathematics are socio-political 
neutral entities. The assumption of epistemic transparency states that it is possible 
to provide an overall clarification of what counts as knowledge.

One could wonder to what extent these assumptions are mutually consistent. In fact, 
it appears that the assumptions of progress and neutrality contradict each other. 
A motor of progress can hardly be called neutral. However, it is important to observe 
that we need not expect that such overall paradigmatic claims be consistent. We can 
deal with different discourses which, depending on the situation, could be articulated. 
The assumption of progress is most convenient when one has to portray the usefulness 
of science. At present, this assumption operates forcefully in “external” discussions – 
not least of all when requesting additional funding. The assumption of neutrality, 
however, serves perfectly well as part of an intrinsic discussion about what topics to 
include in a specific curriculum. With reference to neutrality, it can be claimed that 
ethical issues are of no relevance for the development of scientific professionalism, and 
that they therefore need not be included in any university curriculum.

15.1.1 The Assumption of Progress

One can assume that the very idea of progress is a defining characteristic of the 
modern age, and such a postulate is presented by Bury in The Idea of Progress 
(Bury, 1955). He claims that it is only during Modernity that the notion of progress 
becomes part of philosophic considerations as well as of cultural and political 

1 See also Skovsmose (2005, 2006).
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outlooks. This notion was foreign in the Middle Ages, when the church interpreted 
life on earth as a period with no particular value of its own, as the whole purpose 
of life before death was to prepare for salvation and life after death. If we follow 
Bury’s interpretation, the idea of progress is a defining aspect of Modernity.2

The Scientific Revolution, as established through the works of Copernicus, 
Kepler, Galilei, Descartes, Newton and many others, becomes a paradigmatic illus-
tration of the idea that science by its very nature is progressing. From then on, this 
idea became a defining element of scientific self-understanding. The idea that society 
makes progress is more complex, for instance expressed through considerations of 
new forms of governing, as formulated by Locke in Two Treatises of Government 
(Locke, 1967). What I refer to as the assumption of progress states that the two 
forms of progress are related: science-in-progress ensures progress-in-general.3 
This assumption forms an integral part of many philosophic worldviews. One 
example is found in Comte’s positive philosophy, which establishes progress as the 
central notion for understanding the history of ideas and society.

The rationality of science has been presented as the experimental method, the 
inductive method, or the hypothetical-deductive method. Whatever the interpretation 
of scientific rationality has been, the assumption of Modernity has been the same: 
By means of scientific rationality, every kind of superstition and dogmatism can be 
confronted. Rationality has to be developed and sharpened in its scientific forms. 
Obstacles to this purification have to be identified and eliminated. The application 
of this rationality needs no particular justification, as it is the motor of progress.4

15.1.2 The Assumption of Neutrality

The assumption of neutrality is clearly presented by Hume, who in the concluding 
lines of An Enquiry Concerning Human Understanding from 1748 states:

If we take in our hand any volume […] let us ask: Does it contain any abstract reasoning 
concerning quantity or number? No. Does it contain any experimental reasoning concerning 
matter of fact and existence? No. Commit it then to the flames: for it can contain nothing 
but sophistry and illusion.5

Formulated differently: Hume finds it impossible to deduce a statement including 
“ought” or “ought not” from statements including “is” or “is not.” There is no logical 
path from the descriptive to the normative.

2 Nisbet (1980) modifies this interpretation by pointing out that the notion of progress has been 
presented long before the modern period itself. Furthermore, we should never forget that progress 
was permanently questioned during the modern period, for instance by Rousseau.
3 For a careful analysis of the assumption of progress, see Christensen (2003).
4 Thus, Dewey presented the scientific method as a form of thinking, which was applicable not 
only in sciences, but also in education where it could ensure a ‘progressive education’ and demo-
cratic forms of life. See, for instance, Dewey (1966).
5 Hume (1975, p. 165).
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A particular elaboration of this idea is presented by logical positivism.6 The 
claim is that science, developed in the proper way, is a value-neutral enterprise. 
(That mathematics is neutral is a given, although for different reasons, namely its 
pure formal nature.) If science has to be established in the proper way, it has to be 
cleansed from all elements, which could include political priorities, religious out-
looks, metaphysical perspectives, or personal opinions: such elements are foreign 
to science.

The principle of verification became a basic tool for purifying science. By means 
of this principle, according to logical positivism, one can distinguish sentences with 
meaning from sentences without meaning.7 This is important as the grammar of 
natural language allows the formulation of sentences which are correct from a gram-
matical point of view, but which have no meaning from a scientific point of view. 
According to the principle, a sentence has meaning if and only if it can be verified. 
Meaningfulness does not presuppose that the statement is true. The statement “there 
are 369 days in a year” is meaningful although it is false. It is meaningful because it 
is possible to outline a procedure according to which one can clarify its truth-value. 
Furthermore, verification must be understood as “in principle, possible to verify.” 
The formulation of the principle of verification was soon elaborated in many differ-
ent variations.8 A main difficulty in this analytical development of the principle was 
caused by the status of the principle itself. If we apply the principle to itself, the 
principle of verification is meaningful if and only if it can be verified. And as it 
appears to be impossible to identify any observation that could either support or 
disqualify the principle, it appears to be meaningless according to its own formula-
tion. This paradox was acknowledged by logical positivism as a tricky one, and the 
discussion of status of the principle of verification became rather heated.

This, however, did not affect the possibility that the principle in fact became 
applied. The principal target was metaphysics in all its variations. Any formulations 
referring to “idea” or “form” in a Platonic sense went to the waste bin as “non-
sense,” together with formulations referring to “imps,” “angels,” “God’s mercy,” 
Freudian notions in general, Kantian categories elaborated through transcendental 
consideration, Heidegger’s discussion of “existence,” and much more. The princi-
ple of verification revealed them all as nonsense – that type of nonsense, which 
according to logical positivism, had haunted philosophy for too long. Natural 
language was too charitable as it included formulations that were grammatically 
correct but nevertheless meaningless.

The principle of verification was applied to ethics, and Ayer’s book Language, 
Truth and Logic, published first time in 1936 after attending meetings of the Vienna 
Circle during the year 1933, provides a provocative delineation of the nature of 
ethics. Although ethical statements can be formulated in natural language, one 

6 See, for instance, Ayer (1959) and Stadler (2001).
7 See Carnap (1959).
8 Thus a more elaborated formulation could be: a proposition p has meaning if and only if it is 
possible to make an observation, which would change the probability of p being true (see 
Hempel, 1959).
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should not take this as a guarantee of any epistemic significance. As one cannot 
point out procedures for verifying a statement containing words like “ought to” or 
any other ethical notions, such statements are devoid of any epistemic content. 
They can only be seen as expressions of emotions, similar to “buh” and “hurra.” No 
such expressions of sympathy and antipathy belong in science, and in this way, 
ethics was eliminated from the whole scientific discourse. Ethics could represent 
“nothing but sophistry and illusions,” as already pointed out by Hume.

The idea of logical positivism moved rapidly world wide, and after the Second 
World War, logical positivism became a broadly accepted interpretation of science, 
which could be referred to as neo-positivism. Although the principle of verification 
was not maintained, the elimination of ethics (including any socio-political issue) from 
the scientific domain became a defining element of scientific self-understanding. And 
during the 1950s and 1960s, neo-positivism dominated the Anglo-American interpre-
tation of science. The assumption of neutrality turned into scientific common sense.

15.1.3 The Assumption of Epistemic Transparency

That it is possible to provide an overall clarification of what counts as knowledge 
does not imply that it is simple to obtain knowledge. On the contrary, it can be the 
most demanding task to identify particular bits and pieces of knowledge. The 
assumption of epistemic transparency only claims that the overall definition of 
knowledge can be stated in a fairly simple and transparent way.

The search for epistemic transparency is one defining elements of Descartes’ 
modern philosophy. According to him, methodological doubt draws us into a situ-
ation where we are able to do away with beliefs and assumed knowledge. Whatever 
it is possible to doubt, we doubt. And whatever we doubt, we remove from our 
(supposed) stock of knowledge. Not much remains. According to Descartes, only 
one statement: Cogito, ergo sum. On this basis, however, it is possible to build up 
knowledge by following some well-defined logical steps. This is a sublime presen-
tation of epistemic transparency.9

However, Descartes’ presentation of epistemic transparency was programmatic 
only. The Scientific Revolution had initiated a proliferation of scientific insight and 
formulations, which might, however, include very many different, also non-scientific, 
elements. A notion like “force” could easily include metaphysical elements. What 
about the conception of “effect at a distance?” A tremendous attempt to re-establish 
epistemic transparency in science was carried out by logical positivism. As an 
essential supplement to the principle of verification, they tried to outline the struc-
tures of a language that could contain exactly the empirically meaningful state-
ments. Carnap made a huge effort to clarify the nature of a language adequate for 
expressing statements of scientific significance.10 At the same time, this language 

9 See Descartes (1993).
10 See, for instance, Carnap (1937)
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should ensure that no other statements could be formulated as syntactically correct 
statements. As a consequence, a syntactic demarcation between sense and non-
sense would coincide with the semantic demarcation provided by the principle of 
verification. Carnap’s candidate for such a language was to be found in mathemat-
ics and logic. In this way we get to the idea that mathematics can be interpreted as 
the language of science. What can be formulated in this language represents what 
is relevant in science.

In order to ensure further epistemic transparency, it becomes important to 
identify the logical architecture of scientific theories. According to logical posi-
tivism, mathematics and natural science are organized according to two different 
structures. While mathematics could be clarified in terms of deductive systems, 
science must be clarified as an inductive system. At least this was the first pro-
posal elaborated by logical positivism, and here it was possible to draw directly 
on the whole empirical tradition represented by Bacon, Locke, Berkeley, Hume 
and Mil. An inductive system must start with “facts,” formulated in the so-called 
protocol statements, and from these facts, through induction, one could reach the 
general laws of science. Protocol statements were the empirical foundation for 
the theoretical superstructures.

It soon became apparent, however, that it was no simple task to clarify what a 
protocol statement might be like.11 An identification of such statements depended on 
many factors, theoretical ones. Furthermore, outlining logic of induction brought 
about many difficulties. The notions, protocol statements and induction turned out 
to be extremely complex and obscure. It became necessary to make a different 
attempt to establish epistemic transparency. Popper made a proposal in terms of the 
hypothetical-deductive structure of science.12 This would dispense completely with 
inductive logic. Furthermore, the need for an elaborated set of protocol statements 
providing the foundation of the scientific system was also dispensed with, at least to 
a large extent. Bold guesses were the start of deduction in a hypothetical-deductive 
system; and from these guesses one could deduce implications, which could be falsi-
fied through observations. So some kind of empirical statements were needed, but 
now they emerged at the end of a deduction, and not as an extensive input to induc-
tive processes. If the deduced implication was not falsified, it was not possible to 
draw any radical consequence with respect to the bold guesses. They could be main-
tained and we could continue to consider them our best guesses. If the deduced 
implication was falsified, however, the guesses had to be abolished and new guesses 
had to be established. This led Popper to the insight that scientific theories are con-
stituted by bold guesses, which are not (yet) falsified. It is always possible that they 
might become falsified. And it is the task of scientists to try to falsity theories. The 
reason is that bold guesses, which have survived attempts of falsification, might be 
true. Through this presentation of scientific development in term of conjectures 
and refutations, Popper’s philosophy of science turns into a master-piece of epistemic 

11 See Neurath (1959).
12 See Popper (1965, 1972).



15 Towards a Critical Professionalism in University  331

transparency. Both mathematics and science are organized in deductive systems, but 
while mathematics starts with axioms, natural sciences starts with bold guesses.13

15.2  Modern Conceptions of Learning Science 
and Mathematics

I see modern science and mathematics education as an education that, in one way 
or another, reflects the assumptions of progress, neutrality and epistemic transpar-
ency. The idea of progress serves as an extrinsic organizing (and protecting) prin-
ciple, which confirms that science and mathematics, and therefore science and 
mathematics education, are socially important. The principle of progress serves an 
extrinsic purpose, which could somehow be summed up as: the more the better. The 
assumption of neutrality represents an intrinsic organizing principle claming that 
the curriculum has to be organized according to structures and insights of the parti-
cular scientific subjects. There is no need for ethical elements in a scientific cur-
riculum. The assumption of epistemic transparency implies that it is possible to 
provide a clarification of the essential content of a curriculum in terms of simple 
organizing principles.14 The three assumptions are naturally mixing, and as a para-
digmatic example, I will comment on “modern mathematics.”

“Modern mathematics” refers to the New Math Movement that emerged in the 
late 1950s. It grew from developments in mathematics research in the late nine-
teenth century and matured as an elaborated perspective on mathematics in the first 
half of the twentieth century, which aimed at stabilizing epistemic transparency 
within mathematics. Thus, according to formalism, the nature of mathematical 
knowledge can be described in the following way: a mathematical theory presup-
poses a formal language for which the basic units are symbols. Symbols can be 
organized in sequences, and some of these sequences can be counted as formulas. 
Some formulas are established as axioms. The rules of deduction state when a for-
mula is a consequence of other formulas. A proof can be described as a sequence 
of formulas with the following property: any formula in the sequence must either 
be an axiom or a consequence of some of the previous formulas in the sequence 
(according to stated rules of deduction). A theorem, then, is any formula that occurs 
as the last formula in a proof. Truth of a mathematical statement (a formula) means 
provability of this statement within a certain formalized theory.15

Bourbaki developed a more advanced conception of formalism, a pseudonym for 
a group of predominantly French mathematicians.16 According to formalism, it 
seems to make sense to investigate implications of any axiomatic system, but 
Bourbaki eliminated this relativism by identifying some formal structures as mathe-
matical mother structures, and it was shown how different mathematical theories 

13 See also Hempel (1965).
14 The presentation in Bruner (1960) is paradigmatic for this assumption.
15 See Curry (1951) for an outline of a formalist philosophy of mathematics.
16 See Bourbaki (1950) and Dieudonné (1970).
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can be described in terms of these structures. Bourbakism brings structures of pure 
mathematics into focus and, in doing so, presents a conception of mathematical 
transparency characteristic of Modern Mathematics.

In Europe the main initiative for the New Math Movement can be referred to the 
Royaumont seminar, which took place in 1959. The seminar was introduced with a 
lecture from the mathematician Marshall Stone. His essential point was that the 
teaching of mathematics was going to be recognized as the true foundation of the 
emerging technological society. Here we find a clear expression of the assumption 
of progress with a specific reference to mathematics, as mathematics education will 
have the task of carrying “the ever heavier burden of the scientific and technological 
super-structure which rests upon it” (OEEC, 1961, p. 18). This is one line of argu-
ment linking “modern mathematics” with the assumption of progress.

The main presentation at the Royaumont seminar was given by Dieudonné who, 
more that any other, represented Bourbakism. He outlined a mathematics curricu-
lum that left behind the classic organization in topics like algebra, analyses, number 
theory, etc. The new organizing principles were defined through the basic structures 
of mathematics.17 And Dieudonné did not make any reference to the overall consid-
erations made by Stone. In fact, Stone’s introduction came to serve only as a deco-
ration for the task of defining a new curriculum in mathematics. In this way, the 
Royaumont seminar illustrates not only the assumption of progress, but also the 
assumption of neutrality. The discourse of progress can serve an external function, 
while neutrality becomes expressed in a curriculum discourse that only refers to the 
mathematical content as defined through its logical structures. After the Royaumont 
seminar, modern mathematics education spread world wide, and dominated a vari-
ety of curriculum reforms.

Piaget has pointed out that the structures of mathematics can be reached through 
a natural development of the child, as the epistemic structures of the child somehow 
anticipated the mother structures of mathematics as pointed out by Bourbaki.18 In 
this way the epistemic transparency of structuralism became transposed into a 
learning theory. I see Piaget’s genetic epistemology as an example of a modern 
theory of learning, i.e., an interpretation that reflects modern assumptions about 
knowledge. This interpretation has inspired the development of many different 
learning theories. Radical constructivism provides a particular interpretation of 
Piaget.19 This idea was brought strongly into the community of mathematics educa-
tion in the middle of the 1980s. However, this radical form of constructivism did 
not provide movement beyond the assumptions of modernity.20

Dewey made a strong case for progressive education. Here we find a direct cele-
bration of the importance of the scientific method, which in Dewey’s interpretation 

17 See OEEC (1961).
18 See Beth & Piaget (1966).
19 See Glasersfeld (1995).
20 With the emergence of social constructivism, this private outlook started to become modified, and 
initiatives to leave the modern paradigm in education did emerge. See, for instance, Ernest (1998).
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was experimental and inductive.21 And we find a nice example of epistemic 
transparency: even though scientific knowledge is complex in details, it is straight-
forward to formulate the scientific method. This method ensures progress in science, 
and also in education. And better education guides us towards a better society, 
where the democratic spirit prevails. The scientific method becomes identified as 
the nucleus of progress in all human affairs. In the work of Dewey, the assumption 
of progress stands out in a powerful way. Many educators have established combi-
nations of Piaget’s and Dewey’s perspectives, and in this way a variety of modern 
conceptions of learning have developed.22

15.3 Beyond the Assumptions of Modernity

What could it mean to move beyond the assumptions of Modernity? I will outline 
some considerations that add question marks to the assumptions of progress, neu-
trality and epistemic transparency. First, the idea of progress has been disputed 
by the many catastrophes and almost-catastrophes associated with scientific and 
technological development. Second, the idea of neutrality appears doubtful as the 
production of scientific knowledge is now taking place in many organizations, 
companies and institutions, which are different from the traditional sites of scien-
tific knowledge production, the universities. Knowledge production is going on the 
market, and this does not appear to be a neutral matter. Third, the assumption of 
epistemic transparency has been challenged through the analyses of knowledge-
power complexities, demonstrating that a particular outlook, including a seemingly 
scientific one, can be an expression of particular but powerful interests.

In short: we will consider whether or not we are dealing with myths of progress, 
neutrality and epistemic transparency. If so, it becomes an important task to develop 
science and mathematics education without subscribing to these myths.

15.3.1 Risk Production: The Myth of Progress

The notion of risk society and world risk society has been developed by Beck 
(1992, 1999), and these notions have brought new dimensions to the way we inter-
pret the interaction between science and society. While the notion of risk society 
was originally developed with reference to Western societies, in particular with 
reference to the introduction of atomic energy, it has been further developed in 
scope to reflect processes of globalization. Here I will present the ideas in general 
form (see also Harding, Chap. 14).

21 See Dewey (1938, 1963).
22 The notion of “experiential learning” as developed by Kolb (1984) being one example.
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What is a risk? Mathematically speaking the risk, R, associated with an event 
A, can be symbolised as R(A). It can be calculated as R(A) = P(A)C(A), where 
P(A) refers to the probability of A occurring, and C(A) refers to the consequences 
of A occurring. In particular, with respect to the planning and construction of 
atomic power plants, estimates of P(A) have been attempted. Beck’s initial analy-
sis of the risk society was related directly to the problem of carrying out this 
estimation. It is also complicated to estimate C(A). What should in fact be con-
sidered? The cost of building a new reactor? The consequences for the environ-
ment? And for how long a period should we consider these consequences? What 
about the human consequences? How does one consider consequences in terms 
of deformity of the unborn? What unit should be applied when we describe C(A)? 
Could human consequences be expressed in terms of money – in terms of insur-
ance costs, for instance?23

How do we experience risks? One can think of risks as propensities, as some-
thing that could happen (sooner or later); so risks are not straightforwardly expe-
rienced phenomena. Nevertheless, they form part of our life conditions. One can 
consider risks in all aspects of life. One can consider risks as associated with 
health: What is the risk of working in  a polluted environment? What is the risk 
of undergoing a particular operation, or of not being operated on? What is the risk 
associated with a particular investment? What is the risk for a company of moving 
production to a different country? What are the ecological risks that are then 
associated with production? Is it possible to export risk? The “we” that is submit-
ted to risks can refer to very many different groups. The globalized process of 
distributing industries and types of production the world around also includes 
a distribution of risk. Different groups of people could come to face radically 
different forms of risk.

This brings us to the notion of risk production. In the modern era, science, indus-
trialization and production have been considered humankind’s best protection 
against hostile nature. According to the modern outlook, one can see the develop-
ment of the whole technological and scientific expertise as a way in which humanity 
tries to cope with such nature-caused catastrophes. We can try to protect ourselves 
against floods by constructing dams; we can try to protect farming against dry 
seasons by digging channels. A very long modern legend outlines how the com-
plexity of industry and techno-science support us in the struggle against nature. 
However, the discourse of the risk society addresses the doubleness of production. 
Catastrophes and dangers cannot simply be seen as the work of nature. They can 
also be produced by science and science-based industry. In other words, catastrophes 
form part of human production. We are producing the catastrophes we ourselves are 
going to face. Risk production finds resources in science, including mathematics. 
Here we find a new role for science. The possibility of using atomic energy was 
identified through science. And only through science could one imagine such a 

23 The notion of risk is closely related to the notion of chance, where the consequences are seen as 
being attractive. We could also talk about risk-change society. In the following, however, I con-
tinue to talk about risk, and in some cases, the connotation of chance.
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possibility. To formulate it more generally, a wide range of technological possibilities 
can only be established through science, and such new possibilities include new 
forms of risk. We have to reconsider the assumption of progress carefully. It might 
be that the progress ensured through science brings us into new risk environments. 
Instead of seeing science as the motor of progress, it also – through the new 
possibilities it establishes – brings us into new risk structures.

The world risk society might be characterized by a new form of unequal distri-
bution of risks and opportunities in an entangled mix. It might be that scientific 
development can be related to progress, in some sense of progress, in some areas, 
and within some cases. But it might as well be that scientific development repre-
sents a step backwards in other aspects. During the time of Modernity, we find 
examples in literature of counter-stories to the assumption of progress. In Doctor 
Jekyll and Mister Hyde, published first time in 1886, Stevenson provided a simple 
metaphor for the doubleness of science. However, it might be necessary to take a 
step further beyond the Jekyll-Hyde duality with respect to science. It might be that 
a risk situation has to be explored, not through a good-bad duality, but through a 
much more complex conceptual network: in terms of possibilities, dangers, uncer-
tainties, doubts, implications for some groups and implications for other groups.

15.3.2 Science on the Market: The myth of Neutrality

In An Inquiry into the the Nature and Causes of the Wealth of Nations, published in 
1776, Smith presented the “invisible hand” as a metaphor signifying the logic of the 
free market. This hand ensures that supply and demand find an equilibrium that 
guarantees balanced prices and, in the end, maximum wealth and well being for all. 
In this way, the idea of progress was beautifully symbolized by the actions of the 
invisible hand. Obviously, the best one can do is to leave this hand in peace, undis-
turbed, to lead us towards the paradise ahead.

To the extent that science has joined the market place, one can raise the following 
questions: Can we be sure that supply will be of the proper quality? And what kind 
of knowledge would in fact be in demand? What is the relationship between, on the 
one hand, what has been referred to as scientific qualities and, on the other hand, 
the market qualities of scientific knowledge? For instance, is it a “valuable” thing 
to discover for the second time something that has already been discovered? From 
a non-commercial point of view, the duplication of scientific discoveries does not 
make sense. From a market perspective, however, this could make very good sense. 
For instance, discoveries in the field of medicine are eagerly duplicated, which is 
essential in order for the different companies to operate in a market with many 
patents in place. So one should not be surprised to find that the invisible hand of 
the market is promoting qualities, which are not in accordance with classic qualities 
in science (see also Christensen & Hansen, Chap. 13). One must also notice that the 
invisible hand might not be that invisible. It might be a guided hand, expressing the 
free will of certain companies.
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I have tried to condense the observations about the new mode of knowledge 
production into the following three comments.24 First, one finds new sites for 
knowledge production. The universities represent the classic site, and their task as 
formulated by Wilhelm von Humboldt, is to produce universal knowledge, the 
principal point being that this production should take place within a research com-
munity that is somehow protected. However, now the sites for knowledge production 
have expanded in many directions, meaning that we find a variety of companies, 
institutions and organizations involved in knowledge production. This applies with 
respect to pharmaceuticals, information technology, biotechnology, nanotechnol-
ogy, etc. This variety establishes a completely different and much more flexible 
network for research. It also implies that research is taking place at sites that can be 
overloaded with different business interests

Second, the structuring interests for knowledge production become much more 
complex. According to the modern outlook (the modern myth) knowledge produc-
tion was grounded in some sublime epistemic interests: the search for new insight 
that could fit into constantly growing stock of human knowledge. Research should 
be independent, as it, by its very nature, is able to promote its own proper qualities. 
In Knowledge and Human Interest, Habermas (1971) outlined a more complex 
picture by pointing out different knowledge guiding (if not constituting) interests, 
namely a technical, a hermeneutic and an emancipatory interest. Although such an 
analysis brings the notion of interest into the scope of knowledge production, one 
could go much further. Instead of considering three knowledge-constituting inter-
ests, one could consider knowledge supporting interest, knowledge guiding interest, 
knowledge limiting interest, knowledge obstructing interest, etc. The notion of 
interest, when elaborated in particular sites, brings us directly into an analysis of 
knowledge and power.25 The complex interaction of knowledge and power makes 
up part of the modern development, as particularly pointed out by Foucault. 
Nevertheless, the myths of progress, neutrality and epistemic transparency were 
elaborated through this same period.

Third, the criteria of quality for knowledge production are changing. Following 
for instance, Popper’s conception of knowledge development in terms of conjectures 
and refutations, it is possible to describe criteria for quality in a simple way. These 
criteria can be expressed with reference to how a conjecture-refutation dialectic is 
supported. However, when knowledge has gone on the market, many new criteria 

24 Considerations about knowledge on the market have in particular been addressed through the 
notion of the Mode-2 society as presented in Gibbons et al. (1994).
25 An explicit expression of the idea that knowledge production can be guided by a particular interests 
is found at the home page of the Danish Ministry of Research, Technology and Development, where 
one of the Ministry’s guiding aims is stated as to ensure that “Danish research is relevant and the 
motivating power for the ongoing development of welfare. As a consequence the Ministry will help 
to strengthen the research within areas which are of strategic importance for the Danish society”. 
(Ministry of Research, Technology and Development, 2006, my translation, from the homepage: 
http://videnskabsministeriet.dk-/site/forside/forskning. (Last visited 23 November 2006) Such a for-
mulation represents a direct rejection of the Humboldtian tradition. It indicates that science, as far as 
Denmark is concerned, is placed on the market.
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mix with classic ones. Quality criteria are developed with reference to commercial 
interests: What is it possible to introduce into the market? What is it possible to patent? 
Thus, quality criteria get expressed in terms of competitive power, which could refer 
to companies, regions and to nations. Eventually, classic sets of quality criteria are 
annihilated by a market complexity. Again, one must consider that scientific knowledge 
was on the market long before it was realised that this was the case.

One conclusion to be drawn from these observations concerning sites, interest 
and quality of research is that any idea about the neutrality of sciences is a myth. 
It is a myth produced as part of the modern outlook.

15.3.3  Framing and Action: The Myth of Epistemic 
Transparency

Popper’s presentation of the dialectics between conjectures and refutations can be 
seen as the last (almost desperate) attempt to maintain the myth of epistemic trans-
parency. Initially, Feyerabend was in favour of Popper’s project, but he later became 
a strong critic, ridiculing the devastating simplicity in the Popperian research 
programme.26

One important step further beyond the assumption of epistemic transparency 
was taken by Kuhn who emphasized that scientific discoveries appear to be governed 
by many non-rational elements, while, according to Popper, the dynamics of the 
conjecture-refutation follows a proper logical pattern.27 In particular, Popper 
assumed that when a theory was falsified, logically speaking, it was also falsified 
in scientific practice. Kuhn, however, pointed out that a falsification brings about 
many attempts to save the falsified theory, as the theory might be deeply embedded 
in paradigmatic assumptions. Although falsified, such theories stay on. During the 
period of normal science, scientific rationality protects the paradigm from attacks 
caused by falsifying observations. Only in revolutionary periods are paradigmatic 
assumptions addressed. This means that research is not a simple rational process; it 
involves many metaphysical priorities.

This opens up the discussion for further considerations inspired by Foucault’s 
work. He analyses how a range of extra-scientific factors constitute the conceptual 
framing of research. He opens up research formed through Modernity as representing 
particular perspectives and interests. A seemingly general and neutral research 
agenda can include many, much more specific agendas, brought into operation 
through the way the “object” of research and the “objective” of research are discur-
sively constructed. In fact the object comes to reflect the objective in a much more 
profound way than normally assumed.28

26 See Feyerabend (1975, 1987).
27 See Kuhn (1970).
28 Instead of paradigm, Foucault (1994) talks about epistemé as signifying the framing of research.
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Knowledge is framed through complex processes, which might be revealed 
through a careful genealogy. According to Kant, it is part of the human condition 
that we cannot obtain any knowledge without categories. Furthermore, Kant finds 
that these categories have an eternal nature. They represent a universal and 
a-historical epistemological framing. I agree that knowledge is framed, but that the 
framing categories are reliable (not to say given a priori) is to me an illusion. The 
framing of what we present as knowledge is structured through a multitude of proc-
esses, which is demonstrated by both Kuhn and Foucault. To address the framing, 
one could try to clarify how perspectives and priorities have been incorporated as a 
scientific outlook.29

Knowledge also means action. This means that one is not concentrating on what 
“facts” knowledge might represent, but instead on how knowledge becomes a con-
stituting part of actions. In another context, I have specified different elements of 
mathematics in action.30 Mathematics can serve as a resource for all kinds of tech-
nological innovations. I have tried to be more specific about this by addressing 
different dimensions of mathematics in action: mathematics as an important ele-
ment of technological imagination; mathematics as a resource for hypothetical 
reasoning; mathematics as part of processes of design and decision-making etc.

As a consequence of these observations about framing of knowledge and knowl-
edge in action, I find that the assumption of epistemic transparency is a myth. The 
framing of scientific concepts is complex, and the scope of scientific knowledge 
brought into action cannot be delineated in a simple way.

15.4 A Critical Professionalism?

When the assumptions of progress, neutrality and epistemic transparency become 
recognized as myths, science and mathematics education face new challenges. Here 
I will concentrate on university education, although many of the comments may 
have broader applications. I will address three issues with respect to the profes-
sionalism that university mathematics and science education might prepare students 
for. I use the word “professionalism” to cover all kinds of job-functions as special-
ists, teachers, advisors, technicians, and researchers, based on university studies.

First, I want to consider the conceptual framing of the scientific content that is 
basic to professionalism. What does it mean to address how scientific theories have 
developed through a historical process as part of a complex theoretical, cultural and 
metaphysical conceptual framing? Second, I want to consider the action-dimension 
of knowledge. What kind of technological actions may future professionals come 
to take part in? Third, I want to address ethics as part of the professional outlook: 

29 Lakatos (1976) provides an analysis, which illustrates the internal complicity of generating math-
ematical concepts. Jammer (1957) documents the complex genealogy of the notion of force.
30 See Skovsmose (2005).
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What kind of reflections are relevant as part of the developed professionalism? 
Such questions may prepare university sciences and mathematics education for 
establishing what I will call a critical professionalism.

15.4.1 Framing

It is important that the myth of epistemic transparency is not replicated. In fact there 
are many ways of propagating this myth. The sanitized presentation in lectures and in 
lecture notes of definitions of concepts in science and mathematics is one of them.

Let us, as an example, consider the sequence in calculus of the specifications of: 
limit, differentiation, integration, the fundamental theorem of calculus, etc. This 
sequence, when elaborated in terms of definition–theorem–proof–definition–theorem–
proof–definition–, etc. appears to many students to be established by some kind of 
magic. But one can try to get behind this magic by asking: what is the reason for 
the fundamental theorem of calculus being identified as fundamental? In what 
sense is it fundamental? When did it become fundamental? What is the point of 
introducing limits? When were limits identified as important? Why are there no 
infinitesimals in present day infinitesimal calculus? What was the point of eliminating 
infinitesimals? One could consider: what is the connection between these mathe-
matical notions and other more philosophic world pictures? As outlined, for 
instance, by Leibniz in his Monadologie, where the infinitesimals assume a life of 
their own, and seem to compose the whole world. The development of calculus is 
connected to the formulation of the deterministic worldview. In fact one can find 
many connections between mathematics, science, astronomy, cosmology and theo-
logical positions.31 This illustrates the conceptual complexity from which the 
fundamental notions of calculus emerge. An insight in such complexities makes 
part of a critical professionalism.

The notion of force can be introduced in physics as a simple concept through 
Newton’s second law: F = mg. However, the notion of force forms part of a long 
conceptual story that can be traced back to antiquity.32 Here I limit myself to pointing 
out the importance of the notion with respect to the formulation of the heliocentric 
worldview. It was not a straightforward empirically based task for Copernicus to 
introduce this view. He had, however, studied Neo-Platonism, according to which 
the sun is God-like, and in Greek philosophy he could find formulation of heliocen-
tric worldviews. What could in fact be more natural than God taking up a central 
position in the universe? When the earth is removed from its fixed position, some 
movements call for explanations. What sense to make of the idea that the earth is 
“swung” around the sun in a tremendous circle (which Kepler later pointed out to 
be an ellipse)? Descartes had introduced whirls in his world picture, and maybe 
they could bring about some circulation. Descartes, however, had also formulated 

31 This has, for instance, been carefully pointed out by Tarnas (1991).
32 See Jammer (1957).
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the idea of inertia and that the earth was somehow “falling” towards the sun. How 
then should one think of the connection between the sun and the earth? Conceptually 
speaking, one had to think in terms of a very strong but invisible cable; something 
that could keep the earth in its orbit by permanently making it “fall” towards the 
sun. The notion of force seems to be necessary, and Newton brought all observa-
tions together in a nice conceptual pattern. However, accepting this pattern also 
means giving up the ability to specify the “nature” of force. Instead, one has to live 
with the conception of “working at a distance” as being part of a worldview.

Scientific notions emerge from a complex set of ideas and presumptions. The 
clear-cut definitions presented in much mathematics and science education are only 
the final outputs of a complex process which has no similarity with the conceptual 
architecture presented in most textbooks. Scientific concepts are developed in com-
plex historical processes of tentative formulations, reformulations, reconsidera-
tions, etc. An understanding of this complexity is an important feature of any 
critical professionalism.33

In university science and mathematics education, it becomes important to 
address relationships between conceptions within the field and conceptions and 
ideas from other fields. It is important that scientific concepts become recognized 
as parts of a bigger conceptual landscape, and how they have emerged through a 
complex process including many extra-scientific ideas, assumptions and priori-
ties.34 Science and mathematics have a particular reference to Modernity, as the 
Scientific Revolution provides a portal to the modern worldview. But as already 
mentioned, Modernity also means colonisation, suppression and exploitation. And 
this includes colonization of ways of thinking and doing. Such an insight also forms 
part of any critical professionalism within the domain.

15.4.2 Action

Knowledge can be brought in to action, which also applies to science and mathe-
matics. But this is ignored in much university education.

By means of knowledge, also mathematical knowledge, one becomes enabled to 
construct new technological possibilities. Thus, modern cryptography emerged 
from number theoretical considerations. The relevant theoretical insight had been 
at hand for a long while, but only during the 1960s was it realized that one could 
organize coding and decoding in a completely different way than ever before. As a 
consequence, the number theoretical insight expressed in Euclid’s Theorem, the 

33 The initiative of introducing philosophy of science (in Danish: Fagenes Videnskabsteori) as an 
obligatory ingredient in all university education in Denmark can be seen from this perspective. For 
a careful discussion of the introduction of Fagenes Videnskabsteori see Christensen (2003).
34 The whole discussion of gender issues in mathematics and science education takes departure in 
this observation. See also Harding (Chap. 14)
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Prime Number Theorem, Euler’s Theorem, and Fermat’s Little Theorem acquired 
significance well beyond the limits of pure mathematics. Furthermore, a principal 
knowledge for developing the new schemes of coding concerns the difficulties of 
formulating an efficient algorithm for factorising.35 Such number theoretical 
notions and results have one type of significance within number theory, but they 
obtain a completely different significance within cryptography. The mathematical 
notions become included in different universes of meaning. Philosophically speaking, 
one can claim that the meaning of a notion is linked to its use. This means that the 
meanings of mathematical notions reflect the space of actions of which they make 
part. And different spaces could provide them with different meanings. I find it 
important that students experience the possible meanings of scientific concepts 
when they are recognized as resources for action. For me this is an important ele-
ment of a critical professionalism.

One can see Problem-Based Learning (PBL) as one possible approach of bring-
ing the action dimension of knowledge into focus. In Denmark, one initial step in 
the history of PBL was the establishment of Roskilde University in 1972, and of 
Aalborg University in 1974. These two universities were explicitly organized 
around the ideas of problem-based learning, interdisciplinarity and project-organized 
studies. These ideas were also reflected in the physical construction of the universities. 
The buildings contained many more offices than classic universities, as each group 
of students had a room of their own as their working place. The students’ working 
day could include lectures, supervision and project work. All of this established a 
new working atmosphere at the universities: it was thought of as a shared working 
place for both staff and students.36 The PBL-framework also helped to define 
project work in science and mathematics. The PBL-framework emerged from a 
radical interpretation of education of the late 1960s and the 1970s. It was empha-
sized that knowledge, not least science and mathematics, could be acted out in a 
variety of socio-political endeavours.

The realization of the PBL at Aalborg University was soon accompanied by 
certain pragmatism in the identification of what problems to address. Initially, in 
particular in the humanities and the social sciences, the problems were often 
identified with clear political references, while in mathematics and science, they 
were interpreted in more technical terms. The whole PBL-approach became 
elaborated in study-plans, and it came to form part of routines for examination. 
In fact a new professionalism was developed on a grand scale, and it is now well 
documented that candidates in mathematics, science and engineering from 
Aalborg University are often better received in private companies than candidates 
from other universities. The PBL-professionalism is really useful in many work-
situations. The transfer from PBL to PBW (problem-based working) is experienced 

35 See Skovsmose and Yasukawa (2004).
36 For initial presentations of problem orientation and project work see Kolmos et al. (2004); and 
Kolmos (Chap. 12). For a presentation of project work in mathematics at the university level, see 
Vithal et al. (1995).



as being efficient. Thus, PBL-students are accustomed to working in teams, to 
addressing problems that are not well defined and reformulating them in more 
specific ways, to solve conflicts in a group, etc. In many situations, the political 
sensitivity which was originally associated with the PBL-approach has been 
eliminated. Instead one can see a strong tendency to develop PBL-within the 
functionality of the market.

The PBL-approach can provide a blind professionalism that can be embodied 
and applied in any work situation, regardless of the socio-political and economic 
context. Therefore, it becomes an important challenge for the development of a 
critical professionalism to reveal the action dimension also of mathematics and 
science and at the same time to stress that no professionalism can assume that 
progress is intimately linked to these forms of knowledge.

15.4.3 Ethics

Knowledge in action means action, and actions call for reflections. Actions do not 
take place in a value-free space. No actions are “good in themselves.” This also 
applies to science- and mathematics-based actions. They can be as risky, surprising, 
questionable, suppressing, unfair, marvellous and generous, etc. as any other form 
of action. I see that notions of actions and ethics are closely connected. Actions 
demand ethical considerations.

I do not see ethics as morality, so to me ethics does not mean assuming certain 
“proper” moral positions. I see ethics as having to do with structures for analyzing 
and reflecting on actions. In particular, I find it important to address some of the 
conflicts and controversies included in such reflections. Let me illustrate with an 
example. Science has now made it possible to intervene in life processes, in the 
form of genetic manipulation. According to a teleological position in ethics, one 
has to judge the ethical aspects of an action by the implication of the action. So how 
does one consider implications of actions that are, in this way, deeply rooted in 
technological inventions? How can one identify the implications of a certain form 
of genetic manipulation, when most of the implications only take the form of pos-
sible implications? They cannot (yet) be experienced. And how can such implica-
tions be measured? What unit of measurement should be used? In fact it appears 
that a teleological approach in ethics is impossible to manage. Instead one could 
consider a deontological approach, where at least some elements of the ethical 
potion are based on certain a priori formulated rules, i.e., rules that are also appli-
cable in case we have no knowledge of possible consequences. However, such an 
approach brings the ethical discussion into a different difficulty: where to look for 
a priori rules applicable to science-based actions?

I do not see any simple solution to such difficulties concerning ethical argu-
mentation, but I find that an awareness of such difficulties should be part of 
mathematics and science education. Students should come to see that mathematics-and 
science-based technological initiatives raise ethical issues with no straightforward 
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solutions.37 Eriksen (2003) has presented the notion of ethics-anchored dialogue in 
university chemistry education, which can illustrate some important elements of 
what it could mean for an educational practice to open the ethical dimension. It is 
important that students be invited into a discussion of ethical issues related to a 
particular issue (see Eriksen, Chap. 2). Eriksen presents the issue of the develop-
ment of DDT as a possible issue for such a dialogue. This highly poisonous material 
was produced in the beginning of the twentieth century. However, its poisonous 
effects were thought of as being the most useful quality of the material. It could 
serve to fight noxious insects and vermin. Originally one did not conceptualize any of 
the consequences later to be experienced, as the DDT in accumulated form turned 
out to have disastrous environmental implications. A critical professionalism 
must include ethical reflections on actions based on the particle scientific domain 
in question.

The DDT-example makes it possible to address some fundamental ethical chal-
lenges. One can raise the idea of the risk society, as the example illustrates the 
difficulty of identifying risks, and therefore of carrying out an ethical evaluation 
based on a teleological principle. One can also see how a science-based risk pro-
duction might have taken place long before the notion of risk society was coined. 
A straightforward notion of science-based progress becomes questioned, and so 
does the idea of the neutrality of science. The exploration of ethical issues can be 
anchored in an example, but a main educational point is that it is the dialogue 
between teacher and students and among students that opens the way for the ethical 
insight. As a consequence, I find that ethics-anchored dialogues compose an impor-
tant part of university science and mathematics education.

15.5 Uncertainty as Conclusion

According to the assumptions of modernity, mathematics and science can be seen 
as sublime representatives of scientific rationality, and the best one can do is to 
ensure that this rationality gets the best possible space for developing, according to 
its own intrinsic dynamic.

Denying the assumption of progress, however, does not imply that we must 
assume that scientific rationality leads to catastrophes. Although we might find that 
trust in scientific rationality has brought about threatening risk configurations, we 
cannot assume that negating scientific rationality may establish a safe distance to 
such configurations. Leaving the modern conception of science means to question 
(and not to abolish) the rationality of science, and therefore this rationality needs to 
be addressed by a critique. Such a critique could include: an analysis of the framing 
of the rationality; an identification of what actions such a rationality could bring 
about; and ethical reflections on such actions.

37 There is huge development of applied ethics. See also Hansen (2002).
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Trying to formulate a critique of rationality immediately brings us to the question: 
from what perspective and from what epistemic resources could one formulate a 
critique of rationality? In philosophy one finds many forms of critique. Critical 
Theory criticized the positivist position, and in this way it expressed a critique of 
rationality. The problem, however, in establishing a critique, as suggested by 
Critical Theory, is that it may assume the existence of a position from which one 
can formulate a critique. Making a critique means assuming a critical perspective. 
One can assume a perspective from where one can criticize the functioning of the 
free market and how knowledge is operating within a capitalist economy. One can 
assume a perspective from where one can identify knowledge-guiding interests 
included in so-called technical disciplines like science and mathematics. One can 
try to establish a firm foundation for such a critique. The tricky point is that the 
more one tries to elaborate a solid foundation for a critique, the more one digs into 
the modernist assumption that knowledge (and therefore also critique) need to be 
established on a firm foundation.

What does it mean, therefore, to give up searching for a foundation for a critique 
of scientific rationality? A critique of rationality is needed, but adequate sources for 
such a critique are not identified. Scientific rationality appears to be a powerful and 
constructive force; at the same time, we seem to be in a weak position to criticize 
this force. We come to face uncertainty as a general epistemic condition. Is the 
implication, then, a harsh form of relativism, which in fact could make the modern 
position just as reliable as any other position? Moving into relativism, does not, 
however, mean that we have to assume absolute relativism. To me it means to move 
beyond the assumptions of modernity and acknowledge that uncertainty becomes a 
defining element of a critical professionalisms.
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