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mobility in the formative years
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Towards knowledge-based societies

The academic research scene is rapidly changing as a consequence of the political 
emphasis on defining knowledge‑based societies or economies as a means to build 
prosperity. Most nations, both developed and less‑developed, formulate such 
visions today. The same vision was formulated for the European Union (EU) by 
the Lisbon European Council in March 2000, when Heads of Government stated 
that the EU should, in the next 10 years, be turned into “the most competitive 
and dynamic knowledge‑based economy in the world, capable of sustainable 
economic growth with more and better jobs and greater social cohesion”. As a 
consequence of this emphasis on knowledge for social development, educational 
programmes at undergraduate levels are now being revised with increased 
access, and postgraduate programmes are being reorganized into various types 
of graduate school arrangements to increase output. However, it is also being 
questioned whether quality in education and research can be maintained at an 
internationally competitive level as the number of students graduating increases.

Furthermore, career opportunities for young PhD graduates are often 
uncertain, in both academia and industry. Today, we are even seeing increased 
unemployment among those with PhDs in some areas, although there is an 
estimated future need of 700 000 researchers in Europe [1]. This is at least partly 
because the job market for people with higher education qualifications is becoming 
more and more international as firms tend to set up new research laboratories 
and establish collaborations in university research environments where the new 
discoveries and innovations are being made. The need for increased international 
mobility of highly‑educated specialists is becoming more and more evident. Global 
competition for educated and talented people is a reality already, with nations like 
South Korea, China and India investing more and more in science and technology 
to support industrial development.

Priorities are changing
Research priorities are also changing [2]. To satisfy various social needs, 

in combination with financial constraints, research agendas are formulated in the 
context of national or European interests. As a consequence, research in short‑term 
utilitarian perspectives has been emphasized at the expense of the dual nature of 
science, namely its role to freely explore, question and challenge accepted views 
and concepts, as well as being a tool for the development of new technologies that 
will satisfy the needs of society. These two aspects of science operate with different 
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conceptual constraints, gradually becoming complementary, and together produce 
the broad spectrum of knowledge, which is vital for the continued long‑term 
building of knowledge‑based societies.

New emphasis in Europe on frontier research
Although frontier research has long been seriously neglected, the recent decision 
to establish an ERC (European Research Council) for basic research as part of 
the overall budget for the Seventh Framework Programme shows that the EU 
is at last beginning to define a policy for frontier research at a level of competi‑
tiveness exceeding what can be mustered by most member states alone. The 
decision should prompt initiatives at both national and European levels towards 
more integrated research centres. Such centres will lead the international 
acquisition of new knowledge in the pursuit of often complex questions, and will 
do so without regard to established disciplinary boundaries or national borders. 
This development must continue and grow if Europe is to succeed in the global 
competition for knowledge creation as a basis for innovations to boost economic, 
social and sustainable development.

Society asking more questions
Although there is a high, even growing, awareness among decision‑makers that 
science is vital for social development, there is also a growing negative image 
of science in many communities. Too often, science is seen as having negative 
outcomes, scientists being driven by their selfish curiosity or greed with scant 
respect for cultural, religious or political values. As an example, in various parts of 
the world, scientific data about the origins and evolution of life on Earth are still 
being concealed, and even denied, in public systems of education. In addition, the 
perceived risks of science are coming more and more into focus, e.g. in the current 
debates about genetically modified food and stem cells, and in the emerging debate 
about the social consequences of nano‑technology.

In fact, science seems to be generating more and more difficult questions 
that raise profound moral and ethical issues. Young scientists must learn and be 
aware of these trends in society. They must be trained to debate with rational, 
scientifically‑based arguments. This places an additional responsibility on the next 
generation of scientists. It will not be enough to produce new knowledge: the 
knowledge must also be argued with clarity in the broader social context.

The challenges to science and, in particular, to coming generations 
of scientists are complex, and I would emphasize four vital requirements for a 
successful scientific career:
• more and better co‑operation among specialized researchers to address 

questions of increasing complexity;
• new generations of researchers with the ambition and skill to lead large, 

integrated research programmes and institutions;
• a new generation of scientists trained to discuss and argue the case of science 

and rational reasoning in a broader social context; and
• better incentives for researchers to increase both their intellectual and 

geographical mobilities .
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Co-operation

Revealing the potential of scientific research
In the context of a growing world population, diminishing natural resources 
and alarming environmental issues, mankind is challenged to take drastic and 
determined steps towards more sustainable development. Some of these issues 
can already be dealt with at political levels, yet we have a desperate need for new 
knowledge and understanding of our physical and biological worlds in order to 
boost technological, medical and social innovations. Moreover, these issues are 
growing in complexity and therefore require more and more of cross‑disciplinary 
interactions by specialists who are trained to collaborate. The challenges are 
enormous but within science there lies a potential which the next generation of 
researchers can reveal, thereby providing the knowledge and creating the human 
ingenuity needed to find new solutions to present and future problems.

Interdisciplinary research
Interdisciplinary research is of increasing importance in our knowledge‑based 
society; it’s development is both bottom‑up and top‑down. Bottom‑up 
development is seen in many fields, such as biology and material science. The 
driving force here lies in the close interaction between the complexity of a 
question, the various disciplines that are attracted by this complexity and the 
development of new technologies for addressing the question successfully. This 
close interaction between question‑ and technology‑driven research is apparent 
in biology in the current exploration of gene function in cells and organisms. 
Research in biology is attracting input from most disciplines in science and 
mathematics, while a whole range of new technologies is opening up for the study 
of biological structures and functions in more details. The technologies are also 
influencing conceptual thinking on how to undertake research in biology. The 
high‑throughput operational concept of structural biology developed on the basis 
of genomic information is a good example. Biology has now entered the domain 
of ‘Big Science’.

Top‑down interdisciplinary research is typically required for questions 
that cross faculty borders. Issues related to the environment, sustainable 
development and human health are examples of such complexity that a top‑down 
element is required to ensure the necessary co‑ordination between the natural 
sciences, the social sciences and humanities, and the development of new 
technologies. Issues of the environment and sustainable development not only 
cross disciplinary boundaries, they also cross national borders and must therefore 
be studied at regional and even global levels; a case in point is climate change.

An economy based on the creation of knowledge and new technologies 
also demands increased interaction between academia and industry. This requires 
not only increased cross‑disciplinary interactions, but also an ability to cross 
cultural boundaries. Academia traditionally focuses on producing new knowledge 
and understanding, while industry focuses on exploiting new opportunities for 
innovations to produce goods and services for sale. Thus, collaboration in science 
today can no longer be limited by national or disciplinary boundaries.
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Research leaders of tomorrow
All these developments in research call for more and better co‑operation, but 
also for the development of leaders in scientific research who have the breadth 
of perspective to conduct frontier research of varying complexity and also to 
put the research in a context visible to industry and the community at large. We 
need openness to dialogue and co‑operation well beyond what we have seen in 
academia in the past.

Not all scientists possess the ability to combine the skills required. For 
this reason, we need to put more emphasis on leadership training for post docs. 
Tomorrow’s research leaders need the skill to organize specialists who will work 
together on complex issues, and to manage research institutions that are open to 
interaction with industry and society at large. The leadership training we therefore 
need to organize will teach:
• different aspects of leadership in academia and industry;
• communication skills;
• organizational and financial aspects;
• research management; and
• questions concerning entrepreneurship.

It is also important for our future research leaders to learn about their own 
personalities and to be able to give and accept effective feedback from a research 
group. They also need to learn to recognize different phases in the development 
of a group and how to direct a group process in a positive direction. Conflict‑ and 
crisis‑management within a research group is another important component of 
this leadership training. Effective leadership training also necessitates a mentor’s 
programme for the trainee.

The Foundation for Strategic Research in Sweden has established 
such a research‑leadership training programme, the Individual Grants for the 
Advancement of Research Leaders (INGVAR), which is linked to their research‑
career awards to young scientists. . It has proved to be very successful, and more 
and more young scientists are asking for opportunities to participate in similar 
training programmes.

Science for policy
In a knowledge‑based society, it is also very important that the best scientific 
knowledge is made available to policy makers in politics and in other sectors of 
society. This is especially so when nations have to respond quickly and adequately 
in crisis and conflicts involving scientific issues. Examples of such challenges are 
pandemic diseases, natural or man‑made disasters, energy policies, security and 
environmental issues. Scientific advice to policy‑makers is of critical importance 
for society as a whole, and academies around the world are now becoming more 
and more engaged in giving scientific advice to decision makers. The need for 
advice based on the best knowledge available, while at the same time identifying 
and encouraging research in areas where the understanding is insufficient, or 
even rudimentary, has encouraged academies to work together internationally 
to complement governmental bodies such as various United Nation agencies like 
UNESCO (United Nations Educational, Scientific and Cultural Organization). 
The International Council of Science (ICSU) is such an international, interdisci‑
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plinary body that has a long history, but within the last 10–15 years, new bodies 
like the InterAcademy Panel (IAP), the InterAcademy Council (IAC) and the 
European Academies’ Science Advisory Council (EASAC) have been established 
to work together addressing major policy issues. Moreover, for developing 
countries, education and research are vital elements in their capacity‑building that 
enable them to build their own knowledge base upon which local policy makers 
can seek advice to support growth and development. For this purpose, IAP is 
supporting the establishment of science academies in developing countries, and 
ICSU is in the process of setting up regional offices to be responsive of the needs 
of developing countries.

Clearly, in a society built on knowledge, we need generations of scientists 
that recognize fully the need for communication and collaboration, both within 
academia, in the search for answers to complex and difficult scientific questions, 
and with  industry and  society at large for the supply of new discoveries, ideas 
and solutions. These developments in science and society present a need to 
develop the curricula of our graduate‑school programmes. These should combine 
the necessary specialist training with courses and training, not only in working 
together with other specialists, but also in communicating science in broad social 
perspectives. The current restructuring of university departments into larger, more 
interactive research centres will be instrumental in this development, producing a 
new generation of scientists ready to cope with the broadened challenges that go 
with a knowledge‑based society.

Mobility
Mobility of researchers is an issue that has been, and continues to be, discussed 
intensively both nationally and internationally. The EU has identified the need 
for increased mobility as a major issue for the successful implementation of the 
ERA (European Research Area). Although this aspect of mobility is important 
for establishing more and better research interaction and collaboration in Europe, 
another focus should be on the individual young scientist and the role of mobility 
for successful career development during one’s formative years. Furthermore, 
in the context of capacity‑building in less‑developed countries, talented young 
people depend largely on access to education and research opportunities in the 
more affluent parts of the world. Mobility schemes have therefore been established 
for young people in less‑developed countries and regions to stimulate knowledge 
transfer as a means to improve local living‑conditions.

Intellectual mobility is the goal
In the previous section ‘mobility’ refers to geographical mobility. However, for 
a successful scientific research career in academia or industry, we would first 
emphasize the stimulation of intellectual mobility in terms of creativity and 
scientific skills. In that context, geographical mobility, or just shifting to a new 
research environment, is a tool rather than a goal. Mobility during the formative 
years is for getting new impulses and new ideas as well as for learning to use 
new skills and methods in selected research environments with high reputations. 
Depending on the young scientist’s career goals, such mobility can be in academia, 
between academia and industry or between academia and the public sector.
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Mobility should never become an end in itself. Through increased 
mobility during the formative years, the young researcher will learn from the 
more senior researchers. She or he will also learn and get impulses from other 
young researchers with different backgrounds and experience. Although young 
researchers need to take responsibility for their own research careers, e.g. seeking 
post doc positions in research environments with a reputation for scientific 
excellence, senior researchers and research institutions need to ensure that the 
research environments they provide are helpful to and supportive of the young 
researcher. Primary requirements are to offer research questions of high scientific 
significance and to give graduate students and post docs the mentoring that will 
help them to mature both scientifically and with respect to the changing demands 
on the scientist in the knowledge‑based society, as discussed in my introduction.

Brain drain and brain gain
A great problem with supporting schemes for mobility when building capacity 
in less‑developed countries is that the mobility tends be in one direction. Thus, 
the most successful young scientists from developing countries are offered better 
research opportunities outside their homelands. This results in a brain drain from 
the poor countries which seriously hampers capacity‑building based on education, 
research and innovation. This so‑called ‘scientific diaspora’ is a growing concern 
for developing countries. Schemes need to be developed in collaboration between 
aid organizations and less‑developed countries to support the return of scientists 
who have been trained and gained experience of work in leading research labora‑
tories. Brain gain in the developed countries must not cause brain drain from less 
developed ones. With more and better two‑way mobility, this issue would be less 
of a problem.

Abolish obstacles
To stimulate mobility during the formative years, it is very important to abolish 
all obstacles to moving from one country to another. For this purpose, the 
European Commission has developed a Mobility Strategy [3] and an action plan 
for its implementation. The general aim is to provide favourable conditions for 
researchers’ mobilities and career development in order to create a critical mass of 
human resources for the ERA. The action plan proposes a set of steps to be taken 
by member states to remove legal and administrative obstacles to the mobility of 
researchers among countries, between academia and industry within Europe, and 
also between Europe and Third World countries. The work is in progress. It is 
urgent to speed up the process to facilitate mobility, but also to stimulate young 
researchers to use mobility to optimize their career opportunities in research.

A further important aspect of mobility during the formative years is the 
mentoring that young researchers give each other when they work together and 
when they exchange views on career plans and on issues related to the role of science 
in society. Web sites like Science’s Next Wave (http://sciencecareers.sciencemag.
org/) and the Marie Curie Fellowship Association (http://www.mariecurie.org/), 
from which young researchers can get advice when planning to do a post doc or 
where they can discuss their research careers, are most useful.
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A successful career requires flexibility and mobility
With the present expansion of graduate education programmes and the increasing 
examination of PhD students, we see trends towards an increase in unemployment 
among young PhD graduates in certain areas. The reason is most likely to be the 
lack of enterprises asking for highly trained specialists on a regional or national 
level. Increased flexibility and mobility is a way to solve this problem. The 
specialist training of graduate school programmes also needs to be complemented 
by elements that prepare for flexibility, such as how to use a scientific approach 
and be creative in problem solving in general terms, thereby strengthening the 
confidence of the young researcher to search more broadly for job opportunities 
rather than just being defined by the core specialist training. Another strategy that 
does not exclude the need for flexibility, is to have the openness to move where 
the specialized jobs are to be found. For a life‑long, successful research career, it is 
important to realize that the job market is becoming more and more international, 
a fact that each young researcher in Europe needs to reflect upon and take into 
account to make the best use of the career opportunities available.

With the definition of the ERA, the need for more co‑operation and 
free mobility of researchers across national borders has become a prerequisite to 
create a functioning and attractive job market for researchers. It is, however, also 
important to see Europe and its national members in a global context. This is true 
economically, but there is also a responsibility that goes with it to invest more in 
research to secure a leading position in world knowledge production. This should 
create the idea‑ and ingenuity‑based dynamics required to meet the challenges of 
mankind today and in the future. Today, we need to prepare our graduate students 
and post docs to lead this development.
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