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Preface 

Founded in 1710, fifty years after the Royal Society and twenty-nine years 
before the Royal Swedish Academy of Sciences, the Royal Society of Sci-
ences at Uppsala celebrated its tercentenary in 2010. The occasion was for-
mally marked at the Annual Meeting of the Society on 13 November 2010 
and by a symposium held the preceding day, 12 November 2010 on the 
theme “Scholars in Action: Past–Present–Future”. 

The symposium addressed the observation that, though the conditions of 
scholarly work have changed considerably since the Society’s early days, 
basic scholarly motives remain. The eighteenth century can be roughly char-
acterized as a time when individual scholars, such as the Swedes Celsius, 
Linnaeus, and Scheele, made significant discoveries in the natural sciences. 
The nineteenth century saw an important shift in the organization of re-
search, through combining research and education in line with Humboldtian 
ideas. The twentieth century, particularly after the Second World War, was 
characterized by a vigorous expansion of research and higher education. The 
number of universities and other academic institutions as well as the number 
of students and researchers grew considerably all over the world. In the last 
decades of the twentieth century and the first decade of the twenty-first, it 
became increasingly common to refer to the emergence and growth of “the 
knowledge society”. Politicians worldwide increasingly cite research and 
higher education as crucial to the competitiveness of their countries. Conse-
quently, calls for researchers to deliver economically useful results have 
increased. 

In organizing the Symposium the Society saw an opportunity to stimulate 
an international dialogue by inviting foreign members to talk over selected 
topics and to have Swedish members as discussants. The present volume 
constitutes an edited outcome of this exchange of ideas supplemented by an 
account of the early history of the Society in Chapter One and a concluding 
Chapter Nine. Between these two chapters the volume basically presents two 
groups of papers, the first four of which deal with more general develop-
ments and the latter three with developments in the three basic academic 
fields Life Sciences, Cultural Sciences and Natural Sciences. 

The first group of contributions starts out with a paper by Professor Mar-
tin Kemp from the University of Oxford, in which he provides a historical 
perspective on scholarly work. Then in Chapter Three Professor Anthony 
Campbell, Cardiff University, building on empirical examples, discusses 
characteristics associated with the production of knowledge. He is followed 
in Chapter Four by Professor Roger Balian from Paris, who elaborates on 
various aspects of scholarly work in the Knowledge Society. Finally in the 
first group, in Chapter Five, Professor Marie-Laure Djelic from ESSEC in 
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Paris discusses various aspects of the increasing control of scholarly work in 
what has been labelled the Audit Society. 

After these four more general chapters the following three focus on the 
development in the Life Sciences, the Cultural Sciences and the Natural Sci-
ences, respectively. The first of these chapters, focussing on the life sciences, 
is authored by Professor Britt Skogseid of Uppsala University. She is fol-
lowed in Chapter Seven by Professor Vigdis Ystad from the University of 
Oslo, who discusses the situation for the cultural sciences. In Chapter Eight 
Professor Karl Jakobs of the University of Freiburg elaborates on develop-
ments in the natural sciences, while Chapter Nine provides concluding per-
spectives.  

It is my hope that this volume will inspire stimulating discussions at least 
as intense as those occurring at the Symposium regarding the ever-changing 
conditions for scholarly work.  

 
Uppsala in October 2011 

Lars Engwall 
President of the Royal Society of Sciences at Uppsala 2010-2011 
Senior Professor at Uppsala University 
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Chapter One 
From Collegium Curiosorum to Royal Society 

Lars Engwall, Uppsala University, Sweden1 

1.1. The Foundation of the Royal Society of Sciences 
“A heavy muggy fog covered the ground; the wind, almost imperceptible, 
stubbornly remained southerly and easterly; the sun was not seen for several 
months, but nevertheless there prevailed from October to the end of Decem-
ber a moist heat, which prompted a languishing spring growth. We prayed in 
distress: ‘God help us and bring us winter’; but winter did not come until 
Christmas Eve” (Forssell (1883, p. 275). These were Hans Forssell’s words 
in a speech to the Swedish Academy describing the situation in Uppsala at 
the time of the establishment of the Royal Society of Sciences at Uppsala. 
But the weather was not the only source of gloom. At the same time a seri-
ous epidemic called the bubonic plague was spreading throughout the coun-
try, having come to Sweden with seafarers arriving in Stockholm from the 
Baltic countries (Broberg, 1879 and Hult, 1916). This meant that Sweden 
had to face further tribulations following the many years of war and a trau-
matic defeat at Poltava on 28 June 1709. According to the 18th-century as-
tronomer Eric Prosperin, this entailed that “we did not even know whether 
the King was alive or dead, much less expect any help from Him” (Pros-
perin, 1791, p. 8). To be sure, Magnus Stenbock had scored a victory on 28 
February 1710 at Helsingborg, but the state of the nation was far from good. 
This was summarized in a poem at the Bicentenary Banquet of the Society 
thus (Dunér, 1911, p. 33): 

But not enough were fires and war; 
There came another horrible guest 
Sneaking in from Eastern shore, 
One, whose fearsome name was Pest! 

 

                               
1 Email: Lars.Engwall@fek.uu.se. This chapter is a translation by Dr. Donald MacQueen of a 
lecture at the Tercentenary Celebration on November 13, 2010. 
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The plague spread rapidly from Stockholm, first to the Lake Mälaren Valley 
and Upland, then to major parts of the country (Hult, 1916, pp.17-80). On 23 
October plague victims died at Flottsund, and the students began to leave 
Uppsala. On 8 November the Council of the Realm declared that no one was 
to be permitted to travel from one county to another or from one city to an-
other. In the same decree, the postmaster was ordered to fumigate any mail 
from infected areas before delivering it. (Forssell, 1883, pp. 273-274 and 
Hult, 1916, p. 87). 

Admittedly, it has been questioned whether the plague truly played such a 
crucial role in the founding of what would become the Royal Society of Sci-
ences at Uppsala (Liljencrantz, 1939, p. 295). But there can be no doubt that 
the conditions for conducting normal academic pursuits were poor indeed. In 
the words of Bishop Jesper Swedberg in a contemporary account: “many 
were dying. Wherefore the young people went away; and all Academic exer-
cises ceased until the following year” (Swedberg, 1711, p. 592). It is also 
evident that it was the then 35-year-old university librarian Erik Benzelius 
the Younger who took the initiative to create the Collegium Curiosorum or 
the Guild of the Curious, as the Society was originally called. It was also 
convincingly demonstrated by Eric Prosperin that this indeed took place in 
1710, despite the lack of either a charter or any minutes taken at meetings in 
November and December 1710 (Prosperin, 1791, pp. 10-11 and Dunér, 
1910, pp. 6-8, see also Dunér, 2004, pp. 55-61). 

The initiator, Eric Benzelius, the Younger, was well acquainted with the 
academic environment from his early years.2 As his father, Eric Benzelius, 
the Older, was first professor of theology and subsequently archbishop, the 
son was in a position to meet many prominent academics at Uppsala.3 At the 
tender age of twenty-seven he was appointed university librarian in the 
summer of 1702 (Forssell, 1883, p.171). He was thus even better poised to 
gather suitable individuals for academic conversations.  

In the autumn of 1710 Benzelius invited seven people. Three of them 
were members of the Wallerius family. They included the father, Harald 
Wallerius, the eldest member of the group. For the previous twenty years he 
had been professor of mathematics but had started his career at the Universi-
ty as director musices and deputy librarian (Gezelius, 1778-1787, Part 4, p. 
365). Of Harald Wallerius’ sons, the elder, Johan, was an adjunct in mathe-
matics and succeeded his father in the subject in 1712. He was also known 
for his eloquence and has been described as “famous in the academy as a 
musician, orator, and occasional poet” (Forssell, 1883, p. 279). His younger 
brother Göran had just returned from an extended journey to Denmark, 
                               
2 Forssell (1883) comprises a comprehensive biography of Erik Benzelius the Younger. An 
excerpt from the biography in his own hand for the Royal Swedish Academy of Sciences 
(Benzelius, 1743) was published in Lidén (1792, pp. XIV-XXVII).  
3 The father was named professor of theology in 1668, bishop of Strängnäs in 1687, and arch-
bishop in 1700 (Boëthius, 1920-1922, p. 215). 
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Germany, France, and England. He went back to the Royal Collegium of 
Mining, where he had previously been employed (Gezelius, 1778-1787, Part 
4, pp. 362-365).4 

Another representative of the sciences was Per Elvius, who, following 
two successfully defended dissertations at Uppsala, had been appointed pro-
fessor of mathematics and astronomy at the University. That following au-
tumn, in 1711, he would be Vice Chancellor of the University. He was pre-
ceded in that post by another of the charter members of the Society, namely 
Johan Upmark, later ennobled as Rosenadler. For twelve years he had held 
the Skytte Chair, with Latin elocution as his special field (Carlsson, 1920, p. 
71 and 1919, p. 69). 

The other two members represented the medical sciences. One was Olof 
Rudbeck the Younger, who had succeeded his father as professor of medi-
cine eighteen years earlier. Like his father, his interests were broad, and he 
made a name for himself as a natural historian and language scholar. His 
medical colleague was the professor of anatomy and practical medicine, Lars 
Roberg. He had taken his doctorate at Leiden in 1689 and was the initiator of 
the Oxenstierna House, the predecessor of the University Hospital. He has 
been characterized as “the University’s eccentric, a quick-witted man of 
great general erudition and uncommon practical skill, known for his cyni-
cism and stinginess” (Forssell, 1883, p. 280). 

Thus, the eight men who founded the precursor to our Society had a va-
riety of backgrounds. They included the relatively young Eric Benzelius, the 
Younger, Göran and Johan Wallerius; the middle-aged Johan Upmark, Per 
Elvius, and Olof Rudbeck, the Younger; and the somewhat older Lars Ro-
berg and Harald Wallerius. They represented a broad spectrum of 
knowledge: mathematics, Latin elocution, medicine, librarianship, and min-
ing. 

The main purpose of the Collegium Curiosorum was to meet once a week 
for scholarly conversations. They were also to correspond with Emanuel 
Svedberg and Christopher Polhammar, who were subsequently better known 
by their noble names of Swedenborg and Polhem. Svedberg was in London, 
while Polhammar was at Stjärnsund in Dalecarlia, where he was directing 
work at a textile factory. In modern parlance, these two might be termed 
corresponding members. The contact with Svedberg was natural for Benze-
lius, as he had married Svedberg’s seventeen-year-old sister Anna in 1703 
(Forssell, 1883, p. 171). Benzelius’ correspondence with Polhammar was 
extensive. In his letters during 1710 Polhammar also argued in favour of 
creating an academic society, so his own findings could be disseminated. It 
is also said that it was Polhammar who suggested the name Collegium Cu-
riosorum in a letter from 17 December 1710 (Liljencrantz, 1940, pp. 36-37). 

                               
4 Regarding Göran Wallerius, see also Lindqvist (1984) and Tilas (1748). 
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1.2. Foreign Inspiration for the Foundation 
To understand the advent of the Collegium Curiosorum it is not enough to 
say that in 1710 the country was facing difficult times for regular academic 
activities and that Polhammar was championing the cause in his letters. It 
was also important that Eric Benzelius had found international inspiration 
for the project. Of course, the original notion of the academy harks back to 
the Akademeia, Plato’s academy outside the walls of Athens. No successors 
were to be founded until the Renaissance, when the Accademia Platonica 
and the Accademia della Crusca were established in Florence in 1474 and 
1582 respectively. During the 17th century more academies were founded, in 
France both the Académie française in 1635 and the Académie des sciences 
in 1666, as well as the British Royal Society in 1662 (Hildebrand, 1939, Ch. 
1). All evidence indicates that these societies were models for Gottfried Wil-
helm Leibniz, who in turn inspired Benzelius. During his three and a half 
years of studying in Europe Benzelius had met Leibniz, a meeting that was 
appreciated by both parties. In a letter to Olof Rudbeck Benzelius described 
his German host with the words: “Not with one man but with several I felt I 
was conversing, so great and so wide-ranging is his wealth of knowledge; 
there was nothing that I wanted to know that he was not able to tell me” 
(Erik Benzelius’ letter to Olof Rudbeck in September 1698, published in 
Gjörwell, 1762, p. 358). 

It seems only natural that the twenty-something Benzelius would appreci-
ate a man like Leibniz. We can all recall our encounters with famous older 
colleagues when we were young students. For Leibniz to return this senti-
ment, however, is not so self-evident. He nevertheless wrote highly apprecia-
tively in French about the young Swede to Johan Gabriel Sparfvenfelt. His 
judgment was: “You have done me a special favour in referring the young 
Mr. Benzelius to me, a man who is truly in my taste. For he not only burns to 
learn something and to use his time well but also possesses great actual 
knowledge and furthermore such a noble and charming manner that he will 
always win the hearts of everyone wherever he may be. In other words, I 
have no doubt that he will one day be a new adornment to his country and 
his family” (Letter from Leibniz to Sparfvenfelt dated Hanover, 19 Novem-
ber 1697, published in Bring, 1754, pp. 179-180).5  

Benzelius met Leibniz during a period when the latter was actively work-
ing to create a German academy. This became a reality in 1700 with the 
founding of the Kurfürstlich-Brandenburgische Societät der Wissenschaften. 
Moreover, Leibniz was eager to inspire colleagues in other countries to fol-
low suit. He was also personally involved in the establishment of academies 
in Vienna, Saint Petersburg, and Dresden.  

                               
5 For the translation, see Forssell (1883, p. 143). 



 

 21 

Benzelius was probably also inspired directly by the French Académie des 
sciences and from the British Royal Society. He had visited each of them 
and corresponded with several of their members. In his capacity as universi-
ty librarian, he made contact with the French abbé Jean-Paul Bignon in 
1708. He was president of l’Académie des sciences and led the publication of 
Le Journal des sçavans. In that capacity Bignon wrote to colleagues in other 
countries, including Benzelius, to elicit reports and scientific findings. In that 
way no fewer than eight Swedish reviews appeared in the French journal in 
1709 (Clarke, 1973, p. 218; Eriksson, 1979, pp. 115-118, 121-128 and 
Ekenvall, 1951, pp. 146-152).  

As for the Royal Society, it should have served as an example by dint of 
its practical interests (Hildebrand, 1939, p. 91 and Liljencrantz, 1940, p. 49). 
Contacts were also already in place with Britain through Benzelius’ brother-
in-law, Emanuel Svedberg, who wrote in letters home in October 1710 that 
he was reading Isaac Newton’s works every day (Hildebrand, 1939, p. 90). 

Benzelius also found inspiration closer to home (Forssell, 1883, p. 278; 
Schück, 1918, p. 3 and Liljencrantz, 1939, p. 308). It was the Danish cler-
gyman, subsequently bishop, Søren Lintrup, who had founded Societas lit-
teraria indagantium in Copenhagen in1705.6 However, Lintrup’s society 
was short-lived, having expired after a brief time owing to lack of participa-
tion (Bricka, 1896, p. 413). Our own Society might have met a similar fate if 
Eric Benzelius the Younger had not worked determinedly to sustain and 
develop activities. After all, following a number of recorded meetings in the 
spring of 1711, the gatherings ceased after the summer. Nevertheless activi-
ties continued in the form of letters between the members, with Benzelius as 
the cohesive force. After Emanuel Svedberg returned from London in 1715, 
publication of the journal Dædalus Hyperboreus was launched, which is 
considered the country’s first academic journal. It appeared in six issues 
from 1716 to 1718. It contained accounts of various inventions and discover-
ies, primarily by Polhammar, who was referred to in the preface to the first 
issue as “our Swedish Archimedes” (Forssell, 1883, p. 294). 

1.3. Reorganization 
At the same time as journal publication got underway, Benzelius was forced 
to recognize that the original circle of members had been decimated. Per 
Elvius and Harald and Johan Wallerius had passed away, while Göran Wal-
lerius and Johan Upmark were working elsewhere. Besides Benzelius him-

                               
6 Lintrup lived from 1669 to 1731. He was professor of elocution 1707-1716, professor of 
theology 1716-1720, and bishop of Viborg 1720-1725. In the latter year he returned to Co-
penhagen as court chaplain and professor of theology (Engelstoft & Dahl, 1938, p. 86). See 
also Pedersen (1951, pp. 47-48, 103, 112 and 155). 
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self, that left only Olof Rudbeck, the Younger and Lars Roberg among the 
original eight members. The solution was thus to increase the number of 
members and expand the scope. The extended organization, which seems to 
have had Leibniz’ Prussian universal academy as a model, was given the 
name of Bokwettsgillet (Guild of Book Learning) or Societas Literaria. Its 
charter was adopted on 26 November 1719, less than a year after the death of 
Karl XII. This occasion saw the induction of Pehr Martin and Erik Burman, 
both subsequently professors, Master Johan Billmark, and Erik Benzelius’ 
younger brother and later professor at Lund Henrik Benzelius. With time 
other members were elected, including Anders Celsius, who was first in-
ducted as amanuensis but was later promoted to secretary. After a few years 
abroad, he came to be the driving force within the Society.7 

In its first few years, Bokwettsgillet held between 30 and 40 meetings per 
year, and a number of different issues were addressed. One important task 
for the members was to determine the contents of Acta Literaria Sueciæ, 
which had been established in 1720 with the German Acta Eruditorium Lip-
siensia and the French Le Journal des sçavans as models (Forssell, 1883, p. 
324 and Schröder, 1845, p. 6). The purpose was to provide accounts of and 
to review “what bookish arts regarding the Land of our Fathers have ap-
peared through Printing; what new and useful is being worked upon; some 
findings of Truth from the Sciences and History; and when learned Men die, 
their lives and writings” (Dunér, 1918, p. 32). Tasks were distributed among 
members, who were all obliged under the charter to make active contribu-
tions. Although the clause appears never to have been applied to any great 
extent, the charter made it clear that absence from three meetings in a row 
without a reasonable excuse would be interpreted as meaning that the mem-
ber wished to be expelled (Dunér, 1910, p. 33 and Prosperin, 1791, p. 17).  

The Bokwettsgillet continued to strive to achieve recognition as an associ-
ation of a higher order. Benzelius thus wrote to Parliament in 1723 regarding 
privileges that might render some income to the Bokwettsgillet. Once again 
inspired by Leibniz, he requested almanac privileges in Sweden. Parliament 
denied this request. On the other hand, permission was granted to dig up and 
sell the pig-iron pipes that had been laid from Uppsala Mill to Uppsala Cas-
tle in the days of Queen Christina to supply it with water. This sale yielded 
9,000 daler of copper coin. They were also granted a franking privilege for 
both domestic and international destinations (Forssell, 1883, p. 299 and Du-
nér, 1910, pp. 30-39).8 

An important reason that they needed income was that they felt they 
should have an astronomical observatory. This project had advanced to a 
stage where they performed an inspection of the round towers of Uppsala 
Castle, which had burnt down in 1702, to determine whether they could set 

                               
7 Regarding the Bokwettsgillet, see also Lindqvist (1984, pp. 130-133). 
8 The international franking privilege was rescinded in the 1780s (Schröder, 1845, p. 8). 
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up the observatory there. These plans never reached fruition, however, and it 
was not until 1741 that Anders Celsius’ observatory, which can still be seen 
on Saint Peter’s Square (S:t Pers Torg), was ready for use (Prosperin, 1791, 
pp. 40-41 and Lindroth, 1976, p. 128). 

In other words, it is evident that the first years of the Society were ardu-
ous, which is a circumstance she shares with other learned societies and in-
deed with academic institutions. Legitimacy was needed in order to attract 
resources. When the application for the almanac privilege was denied and 
Benzelius himself was appointed bishop of Gothenburg in 1726, he sought a 
new way to develop the Bokwettsgillet. Before he left Uppsala in August 
1721, he proposed, once again inspired by the Berlin academy, that they 
elect a number of influential individuals as members of the Society and that 
one of them be selected as Præses Illustris. And they did so. In this way 
Councillor of the Realm Arvid Horn came to be named head of the Society. 
Moreover a number of prominent men were inducted: Chancellery Council-
lor Carl Gustaf Tessin, President of the Board of Trade Daniel Niklas Höp-
ken, President of the Legal, Financial, and Administrative Board Otto Rein-
hold Strömfeldt, Chancellery Councillor Johan Henrik von Kocken, and 
Councillor of Mining Adam Leijel (Dunér, 1910, pp. 39-40).9 In other 
words: they adjoined to themselves prominent individuals in order to gain a 
better understanding in leadership circles for their ideas and their activities. 

In parallel with these inductions, they also discussed the matter of elevat-
ing the learned society to a Royal Society. It was discussed whether meet-
ings should be held in Stockholm, at least occasionally. Benzelius supported 
the idea, but the majority went against him. The ultimate result was a royal 
decree on 11 November 1728: “that the Crown imparts upon said Society the 
name of Societas Regia Litteraria et Scientiarum, with the intent that the 
Crown shall always have the same under Its protection” (Dunér, 1910, pp. 
40-43 and Schröder, 1845, p. 9). 

But the issue of the orientation and seat of the Society was nevertheless 
not taken off the agenda. When Captain mechanicus Mårten Triewald was 
elected a member of the Society in the autumn of 1729, he wrote to the 
Praeses Illustris rather soon afterward to propose radical changes to the So-
ciety’s activities. He argued that its activities should be moved to Stockholm, 
that the number of members should not be limited, and that they should pub-
lish in their native language. His letter generally exudes considerable con-
tempt for universities and a highly utilitarian attitude. Of course, his epistle 
was not well received in Uppsala. The ideas in his letter came to be realized 
instead in the founding of the Royal Swedish Academy of Sciences by 
Triewald together with others in 1739. (Hildebrand, 1939, pp. 159-165 and 
Lindqvist, 1984, p. 269).  

                               
9 For a report from Leijel to the Society in September 1721, see Lindqvist (1984, pp. 132-
133).  
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1.4. Early Activities of the Society 
In terms of the activities pursued during the first few decades, we can estab-
lish that the minutes kept during 1711 have a great deal to say about building 
construction. At the first recorded meetings it is established that windows 
should not be placed too low, that swampy sites should be avoided, that flat 
and not jagged cornerstones should be used, that mortar is stronger if horse 
dung is mixed into it, etc. It is also noted that “beer brewed in winter with-
stands sourness longer than that brewed in March” (Minutes 24 January 
1711 in Dunér, 1910, p. 62). Later in the spring the attention turns more to-
wards scientific instruments, and Emanuel Svedberg reports that he can see 
“the manner and means of how instruments are distinguished and how they 
are examined” (Minutes 10 July 1711 in Dunér, 1910, p. 66).  

Within the Bokwettsgillet members’ interests were even broader than in 
the Collegium Curiosorum. Members discussed humanities subjects such as 
rune stones, orthography, and translations. In medicine it was for instance 
the matter of bleeding vessels and embalming, while natural science took up 
eclipses, improvements of the calendar, earth magnetism, and the reproduc-
tion of eels and other fish. There was a great interest in practically useful 
knowledge. They thus addressed subjects such as cattle-raising, flax from 
nettles, salt dressing, the prevalence of precious metals in Sweden, canal 
construction, steam engines, iron foundries, and the finishing of tobacco 
pipes (Dunér, 1910, pp. 34-36). 

In their manner of working the Collegium Curiosorum and the 
Bokwettsgillet were very similar to their sister organizations in other coun-
tries. But these manifest efforts to develop practically usable knowledge in 
academies also came to be criticized. One well-known example is Jonathan 
Swift’s satire of the Royal Society in Gulliver’s Travels, when Gulliver, in 
his third journey, visits the grand academy in Lagado. In its many rooms 
Gulliver encounters a large number of bizarre characters with the most re-
markable projects. One of them is described as follows (Swift, 1726, Part III, 
Chapter 5): 

In another apartment I was highly pleased with a projector who had found a 
device of ploughing the ground with hogs, to save the charges of ploughs, cat-
tle, and labour. The method is this: in an acre of ground you bury, at six inches 
distance and eight deep, a quantity of acorns, dates, chestnuts, and other mast 
or vegetables, whereof these animals are fondest; then you drive six hundred 
or more of them into the field, where, in a few days, they will root up the 
whole ground in search of their food, and make it fit for sowing, at the same 
time manuring it with their dung: it is true, upon experiment, they found the 
charge and trouble very great, and they had little or no crop. However it is not 
doubted, that this invention may be capable of great improvement. 



 

 25 

1.5. Concluding Remarks 
It is possible to joke about our utility-minded academic predecessors and 
their notions. But what would we be today without them? What would we be 
without Benzelius, Polhem, Celsius, and Linnaeus? In fact, how are we do-
ing with our own attempts at finding practical applications? Nowadays it is 
called Mode Two Research, Triple Helix, or strategic initiatives and is part 
and parcel of national research policies in most countries. With their limited 
economic resources, our predecessors provided an important foundation for 
future knowledge and prosperity. Standing on their shoulders, we have been 
able to see further. 

This brief account of the advent of the Society in 1710 and its life up to 
the end of the 1720s leads up to a few key observations. We have seen what 
a laborious task the foundation of new organizations entailed, with great 
risks during the early years. It has also been made clear that a crucial role 
was played in the emergence and survival of persevering enthusiasts like 
Eric Benzelius the Younger. Through persistence and a successive anchoring 
in the international academic community and leading circles within the 
country, he managed to move the Society forward. We are exceedingly 
grateful to him for his pioneering efforts, enabling us today to celebrate this 
Tercentenary of Sweden’s oldest learned society, which, in its regular meet-
ings, carries the torch for the notion of the fruitfulness of the exchange of 
ideas among representatives of diverse academic disciplines. 
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Chapter Two  
A Historical Perspective 

Continuity, Change and Progress,  
as Viewed through Visual Imagery 

Martin Kemp, University of Oxford, UK10 

A celebration of three hundred years provides a fitting opportunity to reflect 
on some of the big and enduring questions in art and science, questions that 
have become ever more urgent as we plunge recklessly into a future with an 
inadequate set of navigational tools and dysfunctional brakes. 

From a historical perspective the most unsettling aspect of the profound 
financial crisis that the world economies have faced in the last few years is a 
concerted failure amongst politicians and economists to think about radical 
alternatives that extend beyond purely economic issues. The reaction has 
been to use old financial instruments to make ramshackle repairs to the exist-
ing system rather than to scrutinise the premises of the system itself. The 
mantra of politicians remains consumption and growth. The only goal on 
offer seems to be sustained “progress” of a conventionally material kind, 
based on a tacit assumption that science and technology will continue to 
deliver solutions. 

To pretend that I can offer a wholesale solution would be absurd, but I 
would like to draw upon my studies as a historian of visual things to think 
about the natures of continuity, change and progress from my particular per-
spective, and how this perspective might have some wider relevance. I 
should say that my initial training in the biological sciences inevitably col-
ours how I view these topics.  

Historians have an unavoidable investment in characterising change in the 
periods they study. If nothing changes, there is nothing for the historian as a 
chronicler to write about. This is particularly the case for the art historian. E. 
H. Gombrich called his magisterial survey The Story of Art (Gombrich, 
1950). One thing follows another in a constant succession of changing styles, 
contents, genres and functions. In Art and Illusion (Gombrich, 1960) he 

                               
10 E-mail: martin.kemp@trinity.ox.ac.uk. 
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characterised the perfecting of naturalistic art from the hierarchical styles of 
ancient Egypt to the rural realities of the English landscape painter, John 
Constable. There is more than a hint of “progress” here. However, if we set a 
pre-historic cave painting of a bull, with its astonishingly evocative sugges-
tion of animal’s shape and motion, beside a Picasso drawing of a bull fight, 
we cannot but be struck by the perceptual, cognitive and representational 
commonalities. These commonalities cut across not only the centuries but 
also any adequate understanding of the antecedents and functions of the art 
of our prehistoric Picasso. Let us begin with brief study of a kind of conti-
nuity that resides within the era of recorded history in Western art and sci-
ence. 

2.1. Continuity 
My example is one of my warhorses, namely the five regular or “Platonic” 
polyhedra, which are the only geometrical bodies that are composed of iden-
tical faces and are symmetrical about their vertices. For Plato – hence their 
name – they were the fundamental building blocks of the universe, corre-
sponding to the four elements and the cosmos. Over the eras since the Ath-
ens of the 5th century BC, they have come to feature at every scale, as our 
visual reach has progressively (note the term) extended into ever increasing 
realms of smallness and immensity. I will assemble some instances in order 
of size not chronology. The relatively recently discovered carbon molecule 
C60, called Buckminster Fullerine after the great American inventor and en-
gineer, Buckminster Fuller, is configured as a truncated icosahedron, one of 
the semi-regular solids named after Archimedes, the alternating faces of 
which are composed from two of the polygons, in this case hexagons and 
pentagons with 60 vertices. Moving up a scale, we find that the capsids of 
some viruses work variations on the geometrical solids. Moving up again, 
we encounter under the sea the microscopic radiolarian with their geomet-
rical skeletons, so beloved of Ernst Haeckel, the early German proponent of 
Darwin’s ideas. Next come the “six-cornered” snowflakes, about which Jo-
hannes Kepler wrote in 1611. It was also that dedicated Platonist Kepler who 
also proposed a model for the orbits of the planets based on a set of nested 
Platonic solids each inscribed in a sphere in his Mysterium cosmographicum 
in 1596-7. And in 2003 Jean-Pierre Luminet and his colleagues at the Paris 
observatory have proposed a model for the whole cosmos of a dodecahedron 
disposed in the four dimensions of a hypersphere (Luminet et al., 2003). 

I am not concerned here so much to advocate the ubiquity or fundamen-
tality of the regular solids and their variants in the design of nature as to 
stress the cognitive continuities that leads us to search out and delight in 
these basic forms. In these continuities the notion of “man as the measure of 
all things” (to cite Protagoras) is crucial. This can function at various levels 
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from the philosophical to the practical. The prime visual expression of the 
notion in its philosophical form is Leonardo da Vinci’s famous drawing of 
the Vitruvian Man in Venice, based on the writings of the ancient Roman 
architect, Vitruvius. The man’s outstretched arms and legs, shown in two 
positions, trace the circle and square within which man’s body can be in-
scribed. Inside his body are measures of “harmonic” proportions. It is on this 
system of measurements that the work of the artist and architect should be 
founded. In the 20th century, a comparable idea was expressed in Le Corbu-
sier’s “modulor”, a proportional schema that also aspired to unite the Anglo 
Saxon foot and inch and the French metric system. 

The practical use of parts of the human body to produce a system of 
measurements is common to almost all cultures. Leonardo’s Italy was typical 
with its braccio (arm) and palmo units. In the Ashmolean Museum in Ox-
ford, there is a fractured relief sculpture from the 5th century BC of a man 
whose outstretched arms measure out a fathom, while the sole of a foot 
above his left arms provides the length of a pes. Arms, feet and so on were 
of obvious convenience and utility for measurement, since we have them 
with us all the time. Obviously some standardisation was needed if precision 
was required, and this is what the carved relief was designed to achieve. 

I think we can carry this somatic aspect further into processes of visuali-
zation. Our bodily instincts for scales, material and motion work in close 
sympathy with our visual and cognitive powers in a way that invalidates 
Descartes mind-body duality. It was these deeper somatic-cum-cerebral in-
stincts that operate before articulate verbal formulation to which Einstein 
was referring his letter to Jacques Hadamard: 

The words or the language, as they are written or spoken, do not seem to play 
any role in my mechanism of thought. The psychical entities which seem to 
serve as elements in thought are certain signs and more or less clear images 
which can be ‘voluntarily’ reproduced and combined [...] this combinatory 
play seems to be the essential feature in productive thought before there is 
any connection with logical construction in words or other kinds of signs 
which can be communicated to others. (Hadamard, 1945, pp. 142-143) 

Obviously if we set Albert Einstein’s and Jean Pierre Luminet’s understand-
ing of space-time beside those of Leonardo da Vinci or Johannes Kepler, we 
can reasonably speak of progress, in that the mathematical and conceptual 
frameworks for our modern understanding involves levels of technical so-
phistication far beyond that of earlier ages. We are surrounded by examples 
of technological progress, not least the computer on which I am writing this 
paper. Indeed, indefinite progress, linked to endless economic growth, is the 
paradigm behind our capitalist economies. Whether such forms of progress 
extend beyond material criteria and into less measurable factors such a hu-
man well-being is very much another matter. 
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2.2. Progress in the Arts? 
The answer is yes, in certain specific kinds of way. If we look, as my mentor 
E. H. Gombrich did, at the growing sophistication in the pictorial devices of 
naturalism – taking the brief of art in a certain historical context as the illu-
sionistic imitation of nature – we can clearly say that the available tech-
niques did indeed progress. According to the formula adopted by Gombrich, 
the “making” increasingly emulated the goal of “matching”. This is not to 
say – and Gombrich certainly did not claim – that Leonardo da Vinci is a 
“better” artist than Giotto di Bondone because he had devised enhanced 
techniques for the imitation of nature. And few would claim that a portrait 
photograph is artistically superior to the Mona Lisa because it looks more 
“real”. If we look at, say, a Venus by Botticelli and one by an academic 
painter in the 19th century, such as Bourgereau, we can say that the latter is 
far more “photographic” in its naturalism. Botticelli’s nude is linear and flat 
by contrast. But the Botticelli picture has proved to engage spectators over 
the centuries far more than that by the 19th century master. The earlier paint-
ing seems to invite the spectator’s imagination to collaborate to a much 
greater extent in completing the image than the more veristic rendering. A 
facetted nude by Cezanne can in this sense be said to work in a way more 
like a Botticelli Venus than one by Bourgereau. Thus, we can say that west-
ern art progressed with respect to the brief of the imitation of nature but not 
in terms of artistic excellence. 

There is another sense of progress that we can see at work in the visual 
arts, namely in the growing sophistication of our critical apparatus over the 
centuries. This is nicely captured in Hunter’s cartoon of a bemused spectator 
in a national art gallery, in which the successive minimalising of the pictures 
has been matched by a progressive maximalising of the labels (Figure 2.1). 
Clearly we have much more verbal equipment and developed techniques of 
analysis available to us than was current in the Middle Ages. Indeed the cat-
egory of “Art”, in the sense of “Fine Art”, was not available as a category in 
earlier eras. Looking at the hosts of spectators in art galleries, many of whom 
are not as puzzled as Hunter’s glum head-scratcher, we can say that great 
progress has been made in what used to be called “art appreciation”. 
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Figure 2.1. The Bemused Spectator: Art and Labelling in a Gallery 

Source: Credit untraced. 

Again, we would not be safe in claiming that our ability to say a lot about a 
blank canvas means that it is a better work of art than the Mona Lisa. We can 
of course, given our current historical and critical techniques, say a great 
deal about Leonardo’s famed portrait, as I have done myself on more than 
one occasion. The difference is in the mode of entry to what we now think of 
as “works of art”. We can get into the Mona Lisa easily enough. We recog-
nise that it shows a woman in front of a landscape. It began life, after all, as 
a functional portrait of Lisa del Giocondo, even if it was gradually trans-
formed by Leonardo into what can be called a philosophical image. A mod-
ern minimalist or conceptual work of art dispenses with the figurative entry 
and can claim to go straight to the “art”, relying on the spectator to be aware 
of the rules of the game. This is not to say that Leonardo was painting works 
that were really abstract, but rather that the naturalistic dimension that was 
wholly integral to his image was been dispensed with in abstract painting. 
The progress here is thus determined by the role of the spectator as much as 
that of the artist. Our brains are being directed to do something different 
from what was expected of Lisa’s husband. 

2.3. New Brains for Old 
There have been hyperbolic claims for the way that new media are reshaping 
and re-tooling our brains. There is no question that we are being subject to 
huge increases in the volume of images and acquiring the speed to cope with 
them. Brains are very plastic things. Indeed, the whole premise of education 
is based on the assumption that we can teach people to think more effective-
ly, to make better use of the brains. Sports coaching relies upon the ability of 
the brain and body acting in concert to perform at a superior level after well-
judged instruction. It has been documented that the brains of London Taxi 



 34 

drivers, who have to acquire an extraordinary memory of London streets 
(called “the knowledge”) before they can be licensed, show special devel-
opment in the posterior hippocampus (Carr, 2010b). The downside is that the 
anterior part is smaller than in standard brains. I think few, outside the ranks 
of cab drivers, would claim that they represent a higher life form. I think the 
same can be said of computer “nerds”, who accomplish digital feats that are 
way beyond anything I can conceive. What is happening in parts of our 
brains is rather like what happens to the biceps of a weight lifter. The muscle 
is basically the same as mine; it has just been trained to work to an excep-
tional degree. My view is that the basic proclivities of our brains are and will 
remain pretty much as they have been for many centuries but they can be 
selectively trained to deliver extraordinary things with respect to certain 
kinds of task.  

These gains involve minuses as well as plusses, as in the anterior and pos-
terior hippocampuses of the taxi drivers. The speed at which we now devour 
images – and we are all “image junkies” by nature – means that something is 
lost as well as gained. If we compare a recent James Bond film with Hitch-
cock’s Psycho of 1960, we can see what is happening. In the Bond film no 
shot is on screen for much more than a second, whereas Hitchcock allows 
his camera, placed in a limited number of positions, to dwell patiently on a 
single view for many seconds, even waiting for something to arrive into the 
frame. Douglas Gordon’s extraordinary installation 24 Hour Psycho (1993) 
allowed us to see better the remarkable visual and narrative gaps in Hitch-
cock’s masterpiece. It is into these gaps that our imaginations rush. We 
think, in the famous scenes of the stabbings of the errant women and of the 
anxious detective, that we have witnessed violent deaths. In fact all we are 
shown are suggestive fragments into which we project a horror more vivid 
than if it were literally described. In the Bond film by contrast, little is left to 
left to our imagination. The camera only needs to look for an instant at a 
building before it blows up. There is no space for a build-up of sustained 
tension. 

What has happened in these few decades in all aspects of our visual lives 
is that we are left with little space to think, to contemplate. Thinking in emp-
ty spaces is both demanding and potentially unsettling. It is easier to go from 
one thing to the next and so on without taking time to question ourselves and 
others than to undertake fundamental scrutiny of big questions. Big ques-
tions are the true province of the arts, humanities and basic sciences. These 
domains are not much in political favour at present, when things are judged 
by our paymasters in terms of utility and economic output. For me, as a 
friend of the sciences, it is alarming to see so many good scientists, who are 
driven by deep questions, jumping on the bandwagon of utility to claim that 
they are generating technological outputs that will drive economic progress. 
This opportunism might help with short-term funding but in the longer term 
scientists will discover that they have surrendered the fundamental definition 
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of the worth of science as a means of understanding the world. They will fall 
painfully under the wheels of the political bandwagon. 

Unless scientists join the humanities in proclaiming the great human 
worth of the sciences and arts at the deepest level − as the most magnificent 
mental achievements to which human beings can aspire − the academy as a 
whole is heading for disaster. We should collectively proclaim the need to 
probe the unknown and even the unthinkable. Science and art both begin 
where knowledge ends.  

The former US Secretary of Defense Donald Rumsfeld’s much-derided 
“unknown unknowns” have much to recommend them, albeit in a context 
and serving an end very different from the one he envisaged. This is a terri-
tory that involves dark matter as well as illumination. Explorer’s boots are 
very different from comfortable pairs of bedroom slippers. The new 
knowledge may result in tangible benefits, in terms of such things as new 
technologies or enhanced medical understanding, but the quest should not be 
directed solely or even predominantly by these utilitarian goals. Indeed, it 
may well be one of the results of new knowledge to question the whole con-
ceptual and practical basis of progress in its various utilitarian definitions. 
Can we achieve a definition that is locked into the idea of human well-being 
rather than reliant upon increased consumption? 

2.4. A New Model 
At the height of the recent economic crises, leaders of the world economy 
have repeated stated repeatedly that we must return to a situation of 
“growth”, whilst urging cuts in public expenditure. The word and the goal 
could not be surrendered even when it is virtually meaningless in the face of 
the realities. Growth of what? Unemployment, certainly, and inflation prob-
ably. Does the long-term goal consist of growth defined by consumption, 
output, personal spending or saving, Britain’s prosperity measured against its 
competitors, the “markets”, or what? Do some or all of these things deliver 
greater well-being, even that nebulous thing called happiness? No politician 
really wants to face the fundamental questions about non-utilitarian progress, 
since economic growth is the unthinking mantra they all espouse.  

It is a question that the arts, humanities and sciences can and should ask, 
without pretending that we presently have answers. It is not hard for both 
scientists and historians to show that human beings are not equipped for 
stasis. We need a feeling of change and development, not in the sense of 
disruptions to our own lives but a more general feeling that things are getting 
better and that there are new and enjoyable things of the horizon. If nothing 
changes from minute to minute, from day to day and so on, we easily get 
bored. In my territory of the visual arts, we would be very bored to find that 
artists now had no more to do than paint paintings and sculpt sculptures that 
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had already been done. We are always looking for something new, a fresh 
human insight. This applies to music, literature, theatre and dance. The new 
might arrive as a big bang or it might comprise a small voice that quietly 
makes us look at things anew. The scientist’s search for the new is essential-
ly the same in motivation and scope. 

Might the much-needed new model of progress be based on the kinds of 
progress we have noted to occur in the arts and in the basic sciences? They 
are forms of progress that are not predicated upon infinitely extended con-
sumption of finite resources, or upon the “take-home” pay in our pocket. 
Some aspects of such progress might provide ways of increasingly prosperi-
ty without conventional consumption of resources, and improved well-being 
through medicine. We might also understand more about the quotient of 
happiness of which we are capable in our lives. This quotient is clearly de-
pendent on a certain level of material comfort, but extreme levels of wealth 
do not seem to produce greater well-being. Within the new definition, 
growth in the material sense would not be the implicit or implicit goal. 
Might it be that the arts, which have never been so tethered to economic 
growth as the sciences, can take a lead in achieving this redefinition? 

I am not pretending that this is the answer. Rather I am thinking out loud 
about an agenda, currently nebulous and somewhat out of reach, that we can 
take on together within the academy, whatever our disciplines. We are after 
all educators, and can potentially have a profound impact on the next genera-
tion of people who will move into all walks of life, including politics. In 
order to do so, we need together to reformulate our own paradigms of conti-
nuity, change and progress. We need to help reshape the goals of society. 
We cannot do it in disciplinary isolation from each other. 

2.5. Comments by Ulf Göranson11 
We have heard a fascinating paper by our Member Professor Martin Kemp 
of Oxford on the continuity, change, and progress in visual imagery. To 
jump, in the oral presentation, from Kepler’s geometrical models to modern 
footballs and find connections seems to me a perfect example of the thrilling 
ideas that have been introduced in our Society through the centuries.  

Professor Kemp made very interesting observations on the continuous de-
velopments in science and in art. He stressed the need to observe the limit-
less ability of the human brain to introduce new ideas but warned us against 
modern trends of isolating the natural sciences from the humanities and of 
hunting short-time successes in research directed mostly to please funding 
institutions. 

                               
11 E-mail: ulf.goranson@ub.uu.se. 
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Looking back at the founding century of our Society, the limits between 
various fields of academic life were certainly not so strict as today. But one 
of the purposes behind the Society was, nevertheless, to give representatives 
of different university subjects an opportunity to exchange ideas and results 
in the clear understanding that inter-disciplinary discussions always promote 
progression.  

A leading theme in Professor Kemp’s paper was the visualization of sci-
entific results. I will try to give an example of how two of our Society’s most 
famous members made some efforts to do that, albeit with little success. The 
members were Anders Celsius and Carl Linnaeus (ennobled von Linné). 
They were not only members but also in immediate succession Permanent 
Secretaries of the Society, Celsius from 1729 to his early death in 1744 and 
Linnaeus from then on to 1767. 

Anders Celsius was a physicist and astronomer, the first professor in Upp-
sala to wholeheartedly accept Newton’s theories. Several years abroad gave 
him an important network to cooperate within, and his meticulous meteoro-
logical studies led him to construct the thermometer, for which he is proba-
bly best remembered by posterity. I do not know if he, in his astronomical 
research, like Kepler, whom Professor Kemp mentioned as an example, ad-
hered to geometrical theories based on Plato. Illustrations of a more visualiz-
ing nature are not easy to find in his works. Beside the text, there are mostly 
diagrams and tables. My example is, instead, the title page of one of his dis-
sertations, certainly written by the Professor himself, since the most im-
portant task of the candidate for the degree in those days was to defend the 
numbered statements ending the rather brief text (see Figure 2.2).  

The illustration shows the astronomical observatory in Uppsala – in 1740 
not yet fully completed – a building that still exists but for various reasons 
was far from ideal when it came to make observations of the sky. Nowadays 
it is embedded in the commercial centre of the city. In Celsius’ days, howev-
er, it must have been an image of successful progress, and very much so 
since the question of building an observatory had been deliberated for more 
than half a century before the many good instruments collected were given a 
permanent and relatively usable edifice. Also of interest is the citation Celsi-
us places over the top of the building: Sic petitur coelum, i. e. so man can 
reach the heaven. It may sound very presumptuous. But it is a citation from 
Ovid in his Fasti (chronicles), where it has nothing to do with astronomical 
observation to map the universe. The thesis was one in a series to describe 
the constellations of the Zodiac, here Aries, the ram. 
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Figure 2.2. Title Page of an Uppsala Dissertation in 1740 

What Celsius lacked in visual artistry or at least showed little interest in, was 
compensated for by his skills and exactitude in experiments and his ability to 
collect data from others and analyse them. This was clearly shown already in 
his young years with his important publication on aurora borealis, the 
northern lights.  

Carl Linnaeus (von Linné) was similar to Celsius regarding their capaci-
ties for perception and textual explanation. Linnaeus was the master of 
sharp, short and exact descriptions. No more than 13 Latin words should be 
used to distinguish one species from another. In Swedish, he is considered 
the founder of a smooth and image-rich style when he wrote about the life, 
trade, and nature of different parts of the country on his many documented 
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Travels, ordered by the Government as a means, in line with 18th-century 
mercantile thinking, to promote the national economy.  

If we can say with certainty that Linnaeus wrote in an elegant and exact 
way and in various styles to scientific and general audiences, we could ask if 
he was also able to illustrate his text with drawings from his own hand? My 
answer is a definite no. The example given makes you think it is a child’s 
quick sketch of various birds (Figure 2.3). But it is his own way of illustrat-
ing the distinctions in his pioneering systematic work Systema naturae, first 
published in 1735 when he was only 28 years old and residing in the Nether-
lands for several years. The reason for going abroad from Uppsala was clear-
ly to come into personal contact with leading scholars but also to publish in a 
place where the results would be spread more widely and effectively than 
from a northern outpost. Linnaeus was no doubt sure of his own long-lasting 
qualities, but he had also the more short-term desire to achieve immediate 
success. 

The picture of the birds illustrates how to systematize the birds correctly, 
according to Linnaeus model. The first distinction to observe was the form 
of the beak, then to divide birds with the same beak according to the form of 
their feet. If that was not enough to identify one bird species from another, 
the form of the crest and finally that of the tongue would be decisive. This 
quite naïve image was never published. It may, however, be an indication 
that Linnaeus’ way of thinking was similar to that of Einstein, cited in Pro-
fessor Kemp’s paper: images came before the words. 

Linnaeus’ universal task in Systema naturae was to give a systematic di-
vision to the whole of Nature: the three kingdoms of minerals, animals and 
plants. It was a huge undertaking and really successful only in the area of the 
plants. When others before him had tried various parts of the plant in their 
modelling efforts, Linnaeus decided that the sexual organs should be used. 
Astonishingly quickly, his method was broadly accepted by botanists all 
over the world, though the leading French authority G.-L. de Buffon was 
long his strong adversary. Linnaeus was aware that a precise illustration in 
images of the various constellations of the sexual plant organs would assist 
in bringing his system wider acceptance. But this time he realized his own 
shortcomings as a visual illustrator. Instead he turned to an experienced 
German-Dutch artist, G. D. Ehret, with whom he cooperated in later projects 
and explicitly considered to be the only reliable flower painter. Did this es-
timation have to do with the fact that Ehret never forgot to show rather ex-
actly the number and form of the stamina and pistils in his beautiful flower 
pictures? 

There are more sketches by Linnaeus, both in Uppsala and in other insti-
tutions holding materials from his hand. All images are similar in their 
primitive and far from artistic appearance. One good example is when he 
tries to depict a Lap carrying a small boat over his head while moving from 



 40 

one lake or stream to another. The picture looks more like a mushroom than 
a man with a special way of dealing with a means of transportation. 

 

 

Figure 2.3. Sketches of Birds by Carl Linnaeus 

Professor Kemp’s paper gives rise to many thoughts and further delibera-
tions on the role of visual imagery within the arts and the sciences. My two 
examples from giants not only in Uppsala and our Society but also interna-
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tionally recognized as highly progressive scholars may illustrate that they 
probably thought in images but were not able to fix their images themselves. 
They were men of text and tables, and at least Linnaeus knew, like Kepler, 
that a skilled and artistically produced image was of great assistance in pro-
moting new ideas.  

2.6. References 
Gombrich, E. H., 1950, The Story of Art, London: Phaidon.  
Gombrich, E. H., 1960, Art and Illusion: A Study in the Psychology of Pictorial 

Representation, The A. W. Mellon Lectures in the Fine Arts, Washington, DC: 
Pantheon Books. 

Hadamard, J., 1945, The Mathematician’s Mind, Princeton, NJ: Princeton University 
Press. 

Keppler, J., 1596, Prodromus dissertationum mathematicarum, continens Mysterium 
cosmographicum. [...] Addita est Narratio G. Joachimi Rhetici de Libris Revolu-
tionum, atque admirandis de numero, ordine, et distantiis Sphaerarum Mundi 
hypothesibus [...] N. Copernici. (De dimensionibus orbium et sphærarum cœles-
tium, juxta tabulas Prutenicas, ex sententia N. Copernici.), Tübingen. 

Linné, C. von, 1735, Systema naturæ, sive regna tria naturæ systematice proposita 
per classes, ordines, genera, & species, Leyden: Dirk Haak. 

Luminet, J.-P. et al., 2003, “Dodecahedral Space Topology as an Explanation for 
Weak Wide-angle Temperature Correlations in the Cosmic Microwave Back-
ground”, Nature, 425(6958), pp. 593-595. 

 
  





 43 

Chapter Three  
The Production of New Knowledge 

Anthony Campbell, Cardiff University, UK12 

3.1. What is Knowledge? 
Our civilisation depends on the continuous generation of new knowledge. 
This is essential for the growth and maintenance of our culture, our econo-
my, and the health of both ourselves and the planet we guard. In particular, 
for several centuries, new knowledge generated by science, engineering and 
mathematics has provided the engine that drives our economy, led to ad-
vances in medicine and an understanding of the ecology of our planet, and is 
even essential for the evolution of the arts. Where, for example, would writ-
ers be without the ability to reproduce their work in large quantities? Where 
would artists be without the development of chemistry for paints, so that 
they do not bleach and age? And where would composers or musical per-
formers be without the ability to construct instruments? Indeed, where would 
we all be without the silicon chip revolution? Yet, what exactly we mean by 
“new knowledge” is not at all obvious. So what do I mean by “knowledge”? 

Soon after I arrived in Cardiff, during a somewhat heated but amicable 
debate about knowledge, a medical colleague said to me “a fact is a fact is a 
fact.” But, I argued, without putting facts into some sort of context, isolated 
facts are meaningless. Thus, I believe there are three core principles that 
underpin new knowledge: 

1. Focus on an object or an idea.  
2. Understanding how the object or idea relates to other objects and 

ideas. 
3. Storage of this information in the brain, for communication to 

others, and for future use by yourself or others. 

Let’s look at the shrimp in Figure 3.1.13 When I held it in my hand it was 
reddish orange. So why is this shrimp red? This question can be interpreted 

                               
12 E-mail: CampbellAK@cardiff.ac.uk. 
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by different people in all sorts of ways. A biochemist like me might ask, 
what is the chemical pathway that generates the red colour? An evolutionary 
biologist might ask, what is the selective advantage of the red colour? A lay 
person might ask if it has been cooked, or if it has been painted red?! In fact, 
using my three principles outlined above, it becomes clear that the shrimp is 
not red at all. This is because we have not asked the key question: where 
does it normally live? A further clue is that when I held the shrimp, it squirt-
ed blue luminescence from its mouth. The shrimp was actually caught some 
800 metres below the surface of the sea. This is the biggest ecosystem on our 
planet, over half the Earth’s surface being more than 1,000 metres deep. 
Apart from a small amount of light that has reached that depth from the am-
bient daylight above, there the only light is bioluminescence – the emission 
of visible light by living organisms. I have been lucky enough to study this 
wonderful phenomenon for over 40 years. Quite surprisingly, as we shall 
see, studies of this apparently obscure phenomenon have led to major tech-
nologies and discoveries in biology and clinical medicine, creating billion-
dollar markets. So the question arises – what is the colour of the shrimp in its 
native environment? When you shine blue light on what we see as red in 
normal daylight, the object is black. So the shrimp produces Nature’s deep 
sea black pigment. As there is no red light where it lives, evolution has re-
sulted in the shrimp having no red-sensitive red pigments in its eyes. How-
ever, unfortunately for the shrimp, there is a group of fish known as dragon 
fish, which have two red-emitting light organs below their eyes, in addition 
to blue emitters further back. These fish can see red light, so they have an 
“invisible torch” enabling them to find what then become red shrimp for 
them to devour (Campbell and Herring, 1987). 

 

                                                                                                                             
13 Permission to publish the figures is granted by the owner of the copyright, The Welston 
Press Ltd. The pictures of people came from Wikipedia which allows free publication of any 
of its images. 
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Figure 3.1. A Red Shrimp – Systellaspis debilis 

3.2. Ten Rules to Gain New Knowledge 
Thus, we can list ten rules that are needed to gain new knowledge: 

1. Inspiration, leading to an idea and key questions. 
2. Logical thinking, giving us an experimental pathway, leading to a 

key experiment. 
3. Lateral thinking – the ability to think “outside the box”, leading to a 

genuine original idea for discovery. 
4. Invention – the ability to design a novel technology to answer the 

key question. 
5. Taking risks – not by walking into the road with your eyes shut, but 

rather being prepared to travel intellectually into a domain where no 
one has travelled before, not knowing for sure what you will find, if 
anything at all! 

6. Having an open mind, with a positive approach. Discoveries are al-
ways made on the basis of positive questions and hypotheses. 

7. Perseverance – never giving up once you have established in your 
own mind that you are on the right track. 

8. Hard work – the pathway to new knowledge is inevitably full of in-
tellectual and physical challenges. 

9. Money – facilities required for new experiments cost money, some-
times millions of pounds, yet with ingenuity, major discoveries and 
inventions have been made in the past with few resources. 

10. CURIOSITY – this is the most important driving force of all, and 
the starting point for generating new knowledge. 
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One of the great joys of being a human being is our insatiable curiosity, and 
the drive for new knowledge that results from this. The science of biology 
really began in earnest in Uppsala in Sweden with the founder of taxonomy 
– Carl Linnaeus (1707-1778) (Figure 3.2). He invented the binomial system 
for classifying all organisms – animals and plants, and later microbes, by 
giving them two names, representing the group, the genus, to which they 
could be shown to belong, and a name that was individual for each species. 
Vital as this idea was to the development of biology, was this really a scien-
tific concept? Charles Darwin (1809-1882) (Figure 3.2) developed into one 
of the finest naturalists ever. His ability to observe with all his senses – sight, 
sound, smell, taste and touch – were critical to him providing the evidence to 
support his BIG idea of evolution by Natural Selection. Yet Darwin teaches 
us that new knowledge about the natural world is divided into two camps – 
Natural History and Natural Science. Both are vital for generating new 
knowledge. Natural History is the love of Nature, and its description in fo-
cussed terms. This is the legacy of Linnaeus. Natural Science, on the other 
hand, is about mechanism – how the Universe works, from the Big Bang to 
how a microbe can become resistant to antibiotics. This leads to hypotheses 
which can be tested by experiment, principles such as Natural Selection, and 
laws, often capable of being formulated mathematically. 1 and 1 makes 2 is 
arithmetic. But 1 and 1 makes 3 is mathematics (NB think binary!). 

   
Carl Linnaeus 1707-78 Erasmus Darwin 1731-1802 Charles Darwin 1809-82 

(by Alexander Roslin, 1775) (by Joseph Wright, 1792-93) (by John Collier, 1881/83) 
 

Figure 3.2. Natural History versus Natural Science: Carl Linnaeus, Erasmus  
Darwin and Charles Darwin 

Thus evolution is a process – Natural History – first described scientifically 
by Erasmus Darwin (1731-1802) (Figure 3.2) in his seminal medical text 
Zoonomia, an attempt to classify disease on Linnaean type principles, and 
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later in his incredible poem “The Temple of Nature” (Darwin, 1803). The 
Natural Science of evolution – the mechanism – was first put forward in 
clear, scientific terms, with evidence, by Erasmus’ grandson, Charles Dar-
win, and Alfred Russel Wallace (1823-1913). Although others, including 
Richard Hutton, William Blythe, William Charles Wells and Patrick Mat-
thew, had written ideas pre-empting the term Natural Selection, it was Dar-
win, and Wallace, who highlighted the scientific evidence for it. So the key 
to the importance of Charles Darwin’s work was evidence, evidence, evi-
dence, presented in a most positive way, based on: 

1. Species do not remain constant – they evolve. 
2. Variation within and between species. 
3. Struggle for existence. 
4. Small change by small change. 
5. Natural selection. 
6. Sexual selection. 

So let me examine my ten rules for new knowledge, and see how they can 
work in practice. I hope you will forgive me using examples from my own 
work, as well as others, as I am most familiar with this. 

3.3. The Ten Rules in Action 

3.3.1. Inspiration 
One of the central questions in biology is, what switches a cell on and off? 
For example, what causes a nerve to fire, a muscle to contract, a heart to 
beat, an egg to fertilise, an insulin cell to secrete, or a neutrophil to release 
toxic chemicals that cause pain and damage to a rheumatoid joint? These 
processes are triggered by electrical and chemical stimuli acting on the outer 
membrane of the cell. These generate signals inside the cell resulting in the 
cellular event. Following the experiments of Sydney Ringer (1835-1910) at 
the end of the 19th century (Ringer, 1883, Ringer, 1886, Ringer, 1890), and 
those of Lewis Heilbrunn (1892-1959) in the 1930s and 1940s, it was pro-
posed (Campbell, 1983, Campbell, 1986) that small changes in calcium 
(Ca2+) inside cells were the cause of several cellular events, for example 
muscle contraction and egg fertilisation. So the key question by the 1960s 
was: Does Ca2+ act as a universal signal inside cells to trigger a wide range 
of cellular events? If so, why has evolution chosen Ca2+ and not, for exam-
ple, Zn2+, as such a universal signal? This question inspired many scientists 
to try to answer this question. 
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3.3.2. Logical Thinking 
The logical way for a biochemist to attack this key question was to grind up 
tissues, and extract components responsible for the cellular event, and then 
try to see if Ca2+ would activate these components in vitro. A further search 
was also on for the proteins that might be responsible for regulating Ca2+ in 
and out of the cell. Thus, Setsuro Ebashi (1922-2006) was able to extract a 
complex from skeletal muscle containing three proteins, now called troponin 
C, I and T (Ebashi and Ebashi, 1962, Ebashi, 1963, Ebashi, 1972). He 
showed that troponin C could bind Ca2+, and when it did, it caused the pro-
tein complex made of actin and myosin to contract. Ca2+ goes on and off 
proteins such as troponin C very fast, in milliseconds. This is essential if we 
are able to contract, and then relax, a muscle very fast. Zn2+ would be no 
good. It might cause a fast contraction, but would come off proteins very 
slowly, so an arm would remain in a contracted state for many seconds or 
minutes until the Zn2+ had come off the troponin C. Ebashi was also able to 
isolate a vesicular component from muscle which took up Ca2+ in the pres-
ence of ATP, and could also release Ca2+ very fast, under the right conditions 
(Ebashi, 1958, Ebashi, 1960, Ebashi, 1961). This turned out to be a special 
version of the endoplasmic reticulum, now called the sarcoplasmic reticu-
lum. This all seemed fine, but still many scientists remained sceptical about 
Ca2+ as a universal signal inside cells. The solution to this required “thinking 
outside the box” is the design of a key experiment. 

3.3.3. Lateral Thinking 
The key idea was to realise that Ca2+ is not the energy source for events such 
as muscle contraction or cell division. Rather Ca2+ is a switch. It causes the 
cell to cross the Rubicon (Campbell, 1994), so that a cell event can occur. 
This leads to a further question. When studying populations of cells, is the 
cell event digital or analogue? In other words, when you change the strength 
of your grip using your arm muscle, which contains thousands of individual 
muscle cells, is each cell changing the strength of its contraction, or is the 
arm muscle recruiting more muscle cells (Figure 3.3)? It turns out that the 
latter is the case. Thus a human muscle cell, a heart cell, and a nerve are 
digital systems. They either fire or remain at rest. Similar questions can be 
asked of tissues such as the liver or pancreas. When the amount of glucose 
released by the liver between meals to give the brain what it needs, is each 
cell gradually releasing more glucose, or are more and more cells firing? 
This is the basis of my Rubicon hypothesis (Campbell, 1994). It turns out the 
intracellular Ca2+ is usually a digital mechanism, whereas intracellular sig-
nals such as cyclic AMP are analogue. In the heart, for example, a rise in 
free Ca2+ inside each heart cell triggers it to contract. Removal of the Ca2+ 
causes it to relax. This sequence is repeated every second some billion times 
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during a lifetime. But, when you run the heart beats faster and stronger to 
supply your leg muscles with the extra oxygen they need. Adrenaline causes 
a rise in cyclic AMP in the heart muscle cells, and this results in bigger and 
bigger Ca2+ signals inside the cell. The bigger the Ca2+ signal, the stronger 
the contraction. This is thus an analogue mechanism. 

 
Figure 3.3. The Rubicon Question: At 50% of the Maximum Response of a Popula-
tion, Have All the Cells Been Activated by 50%, or Have only Half of the Cells Been 
Switched On? 

So to test the Rubicon principle (Figure 3.3), it is necessary to invent a way 
of monitoring events in individual cells. In particular, the key experiment for 
me in the 1960s was to measure the free Ca2+ inside live cells, and to show it 
went up prior to the event. If this rise was stopped then the cell should not 
fire. This had to be done while the outer membrane of the cell remained in-
tact, as the gradient of Ca2+ maintained by the cell was essential for Ca2+ to 
do its job. The conventional “grind and find” approach of the biochemist 
would not work. So an invention was required. 

3.3.4. Invention 
Although the first description of a change in free Ca2+ in a live cell was car-
ried out as long ago as 1928 (Pollack, 1928), it was not until the 1960s that 
methods based on light-absorbing or -emitting indicators, or micro-
electrodes, were developed (Ashley and Campbell, 1979, Campbell, 1983). 
The first real breakthrough was to use a protein, aequorin, extracted from the 
luminous jellyfish Aequorea, which flashed when exposed to Ca2+ (Camp-
bell, 1988). This protein was discovered by Osamu Shimomura, Nobel Lau-
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reate of 2009, who was trying to discover how the jellyfish made its flash 
(Shimomura, Johnson and Saiga, 1962, Shimomura, Johnson and Saiga, 
1963). At the same time he found a “green protein”, later called the green 
fluorescent protein by Jim Morin (Morin and Hastings, 1971), which, quite 
unexpectedly, itself has transformed cell biology. Since aequorin was not 
available to me in the UK at the time, I found a relative of Aequorea, called 
Obelia (Figure 3.4), which grows profusely on seaweed at Plymouth, and 
around the Welsh coast. I showed it had a similar protein, with the right bio-
chemistry to measure Ca2+ inside cells (Campbell, 1974). Further inventions 
were required to get this protein into small cells, such as erythrocytes 
(Campbell and Dormer, 1975, Campbell and Dormer, 1977) and human neu-
trophils (Hallett and Campbell, 1982). The latter was achieved, first using 
cell fusion, and then using the DNA coding for these bioluminescent pro-
teins (Campbell et al., 1988). A further breakthrough in the late 1970s was 
the invention by Roger Tsien, Nobel Laureate with Osamu Shimomura and 
Martin Chalfie in 2009, of a family of fluorescent Ca2+ indicators, followed 
by genetically engineered probes based on GFP (Grynkiewicz, Poenie and 
Tsien, 1985, Tsien, 2003, Giepmans et al., 2006). 

 
Figure 3.4. Bioluminescence in Europe 

To many people, developing these inventions was a huge risk. Yet the scien-
tists who have taken these risks have had a major impact on biomedical sci-
ence. Thousands of scientists around the world now regard measuring free 
Ca2+ inside cells as routine. 
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3.3.5. Taking risks 
The big risk of embarking on something no one has done before is the possi-
bility of failure. It might not work at all! Also, in the case of bioluminescent 
and fluorescent indicators, where were the instruments necessary to detect, 
quantify and image the light? Furthermore, when I decided I needed to study 
bioluminescence in more detail, taking me to marine labs, and research ships 
such as RRS Discovery, to collect wondrous deep sea luminous creatures, 
my colleagues in Cardiff and elsewhere were a little sceptical to say the 
least. Surely, I had been brought from Cambridge to carry out medical re-
search. What had these creatures to do with finding out the molecular basis 
of disease, or in developing new diagnostic tests? Anyway I had no track 
record, no publications, and no funding in this field! Believing in peer re-
view, I asked a few clever people what they thought of the idea. My boss 
Professor Nick Hales (1935-2005) and the Professor of Medicine, Robert 
Mahler (1924-2006), a great nephew of the composer Gustav Mahler (1860-
1911), both encouraged me to go ahead. With our electronic engineer, Mal-
colm Ryall, I built a photon counting device, and soon had publications, 
including Nature, to get me grant support. The great surprise was that this 
risk in following my curiosity, led to a key to understanding the molecular 
basis of damage in the rheumatoid joint (Campbell and Morgan, 1985, Hal-
lett and Campbell, 1982), and the mechanism of demyelination in multiple 
sclerosis (Scolding et al., 1989). Furthermore, it led to an invention, which 
has had a huge impact in clinical diagnosis. 

Further risks I have taken over the past 40 years have been to investigate 
bioluminescence more deeply, to find out how luminous animals actually 
produced their light. In the late 1980s the DNA revolution was well under 
way. It was then I decided to isolate the DNA that coded for the Ca2+ -
activated photoprotein aequorin (Campbell et al., 1988), and get it into bac-
terial cells and cells in tissue culture. This led, with collaborators in Edin-
burgh, Tony Trewavas and Marc Knight, to the first measurements and im-
ages of free Ca2+ changes in a live plant (Knight et al., 1991, Campbell, 
Trewavas and Knight, 1996). Wind generates Ca2+ signals inside the plant 
cells, which switch on defence genes. This is why trees and bushes on the 
cliff tops of Wales are bent. They are not mechanically bent. Rather the cells 
on one side grow at a different rate to the other. Furthermore, I realised that 
by engineering address labels on to the N- and C- termini of bioluminescent 
proteins, these could be targeted to specific parts within a live cell (Sala-
Newby et al., 2000) – the endoplasmic reticulum (Kendall, Dormer and 
Campbell, 1992), the nucleus (Badminton, Campbell and Rembold, 1996), 
the plasma membrane (George et al., 1998, Martin et al., 1998) (Figure 3.5), 
and other organelles, including the mitochondria, peroxisomes and nucleo-
lus. This enabled free Ca2+ to be measured in these sub-cellular compart-
ments. But perhaps my biggest risk was in 2000, when I decided to focus on 
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the problem of lactose intolerance (Campbell and Matthews, 2005b). It was 
then I realised that this explained one of the most common ailments seen by 
doctors, irritable bowel syndrome (IBS), and the illness that afflicted Charles 
Darwin for 50 years (Campbell and Matthews, 2005a). Some 10 years later, 
we have a new hypothesis based on the production of metabolic toxins by 
gut bacteria that not only explains the gut and systemic symptoms of lactose 
intolerance and IBS, but also provides a new mechanism vital in diabetes, 
some cancers, heart palpitations, and brain illnesses such as multiple sclero-
sis and Parkinson’s and Alzheimer’s disease (Campbell et al., 2010). It has 
also led to the discovery that these “toxins” are a new family of external 
signals that generate Ca2+ signals in bacteria (Campbell et al., 2007a, Camp-
bell et al., 2007b, Naseem et al., 2007, Naseem et al., 2008, Naseem et al., 
2009), and affect ion channels in eukaryotic cells. So it was not such a mad 
idea after all! As we shall see, it also led to an invention now used in several 
hundred million clinical tests per year worldwide! 

   
Plasma 

 membrane 
Nucleus Endoplasmic reticulum 
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with thanks to Dr Rachel Errington 

Figure 3.5. Targeting Genetically Engineered Bioluminescent Proteins to Parts of 
the Cell 
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3.3.6. Having an Open Mind, with a Positive Approach 
Once you have identified a problem, there are two reasons for doing experi-
ments. First, you need data to form a hypothesis that explains the phenome-
non you are studying. Secondly, you need to test this hypothesis. In the 
1950s a distinguished philosopher, Karl Popper (1902-1994) argued that, 
since you could never prove absolutely a scientific hypothesis, you could 
only disprove it. He wrote this argument in his books, the first of which was 
The logic of scientific discovery (Popper, 1959). For example, if you propose 
“all swans are white”, the way to test this is to use Popper’s falsifiability 
principle, and look for a black swan. But this argument is totally flawed on 
two counts. First, this is not a scientific hypothesis, since is does not involve 
mechanism. It is a description − Natural History. Secondly, I know of no 
major discovery in science that has been made using Popper’s negative ap-
proach (Campbell, 1994). Watson and Crick, when looking at a model of the 
double helix were not interested in designing experiments to falsify it. Ra-
ther, they were too excited working out how many bases were needed for a 
genetic code for the 20 amino acids that make up all proteins. And the helix 
resulted in a clear hypothesis about how one strand could copy itself. But 
what about the other strand, in the opposite direction? The problem now is 
that Popper’s negative approach has infiltrated the education system, where 
it has spread like a cancer. School pupils are now taught in Britain that they 
have to design null hypotheses to test their ideas. This is a disaster, bearing 
no relation to how new knowledge in science is generated. It must be eradi-
cated as soon as possible. Frankly, Popper’s ideas are for the dustbin! 

Discoveries and inventions have always been, and always will be, made 
on the basis of a positive approach to testing hypotheses, the Baconian mod-
el. Yet we must always retain an open mind, and be ready to accept that our 
hypothesis is wrong. This is why Darwin took so long to complete On the 
Origin of Species (Darwin, 1859). He was not sure he had all the evidence 
right. 

3.3.7. Perseverance 
The story of Robert the Bruce of Scotland watching a spider trying to climb 
up its web to the ceiling, taught me when I was a boy that “if at first you do 
not succeed try, try, and try again”. If you have a good idea, and you believe 
it will work, never give up. One night at the Marine Biological Association 
at Plymouth, when I was first trying to extract the Ca2+-activated biolumi-
nescent protein, obelin, from Obelia, I was getting pretty desperate. After 
two days’ hard work there just was not enough light. The idea of using this 
for the first time to measure free Ca2+ in a human cell was just a dream! So I 
decided to try one more experiment, by extracting the protein at a range of 
pHs from acid pH 4 to alkaline pH 10. The extraction buffer I made consist-
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ed of Tris and EDTA, the latter to bind any Ca2+ that might be left from sea 
water, and thus prevent the obelin losing its bioluminescence during the ex-
traction procedure. I placed the extract in front of a photomultiplier connect-
ed to a storage oscilloscope. I then added Ca2+, enough to saturate the 
EDTA, and watched for a signal on the oscilloscope screen. Hopeless, there 
was just a tiny blip at pH 4, 5, 6, and 7. Then at pH 8 the blip got a bit big-
ger, and even bigger at pH 9. Then, at pH 10, eureka, the screen was com-
pletely white, showing a massive light emission!! I had found a way of get-
ting a huge amount of light from my Obelia extract. It was 9.30 at night. 
There was no one else about, just me dancing around punching the air with 
success at last. It was going to work! But, why had the alkaline pH worked, 
and not the others, I asked myself? I used initially pH 7 or below? It was 
then I realised I had made a stupid error! EDTA is a tetra-basic acid. In other 
words it has 4 acid groups (–COOH), all of which have to be ionised to –
COO-, so that one molecule of EDTA can bind one ion of Ca2+. But at pH 7, 
only two of the COOH groups are ionised. So when you add Ca2+, it causes 
the other two to ionise, releasing 2 H+ for every Ca2+ bound. I had so much 
EDTA there that when I added the Ca2+ at pH 7, there was not enough Tris to 
buffer the H+ released. So the pH of the whole mixture dropped to less than 
4, killing the obelin luminous protein, without producing any light. At pH 
10, most of the H+ released by the EDTA reacted with the excess OH-, and 
the pH only dropped to about 6.5, all right for the light emission to occur 
from the obelin (Campbell, 1974). 

3.3.8. Hard Work 
The Eagle pub, in the centre of Cambridge, is famous for many things, but 
particularly because it was there Crick, Watson and other pioneers of molec-
ular biology met to discus science over a pint of beer. People often have a 
vision of scientists, apparently lazily relaxing with a cup of tea or coffee. Yet 
any scientist knows that doing good science, though inspiring, is very hard 
work, often involving late nights in the lab. It also requires active discussion, 
and arguments, with colleagues, to get the precise details of an experiment 
right, and the correct interpretation of results. In fact, if you work on biolu-
minescence you need to work both in the dark and at night, as many lumi-
nous animals have a circadian rhythm, only switching on fully after dusk 
(Campbell, 1988, Campbell, 1990). The pathway to new knowledge is full of 
intellectual and physical challenges. 

3.3.9. Money 
Nowadays it appears that huge facilities are required for new experiments. 
These cost money, sometime millions of pounds. They include building labs 
that conform to health and safety regulations, expensive microscopes and im-
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aging systems, MRI and PET imaging cameras, and so on. Yet in the past, 
with ingenuity, major discoveries and inventions have been made using 
homemade equipment. A famous example comes from Sweden. Magnus Mar-
tin af Pontin and Jöns Jacob Berzelius (Figure 3.6) in Stockholm used their 
kitchen as a lab, and made the crucial discovery that some metals can form an 
amalgam with mercury. Humphry Davy (Figure 3.6), with few resources at the 
Royal Institution in London, was able to use this discovery, with a battery he 
had made, to electrolyse molten caustic potash and isolate for the first time 
potassium (Davy, 1808a, Davy, 1808b). This led him to discover the alkali 
metals and alkaline earths, including calcium. It was the founding of modern 
chemistry, as this was the test for his hypothesis that “salts” were made of two 
components, one positively charged, the other negative. So Davy predicted a 
positive outcome from his hypothesis: put electrodes into a solution of the salt 
and this will separate the two components. Typically, his first experiment did 
not work. All he did was to electrolyse water. But Davy did not give up. He 
decided to make a crucible, in order to melt solid potash, with mercury at one 
electrode to trap the postulated potassium metal. The potassium was trapped 
by the mercury as an amalgam. Distilling off the mercury left the potassium, 
which caught fire in the air. He was so excited that he ran around the room, 
spilling acid from the battery all over himself. 

   
   

Jöns Jacob Berzelius  
1779-1848 

Humphry Davy  
1778-1829 

Magnus Martin af Pontin  
1781-1858 

(by Olof Johan Södermark 1843) (by Henry Howard, 1803) (by Maria Röhl, 1842) 

Figure 3.6.Pioneers in Chemistry 

I have been lucky enough to receive grants from the MRC, BBSRC, NERC, 
Wellcome Trust, Arthritis and Rheumatism Council, The British Diabetic 
Association, and recently the Waterloo foundation, to fund my research over 
the past 40 years. Yes, some of the equipment was expensive. My biolumi-
nescent imaging camera, made by the British firm Photek, cost over £50,000. 
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Yet when I started there were no suitable photon detectors available. So, 
with the electronic engineer in the department, we made one. It turned out to 
be the most sensitive one in the world at the time, the key to getting things to 
work. Interestingly, my degree from Cambridge was in Natural Sciences, 
involving chemistry, physics, mathematics and biochemistry during the first 
2 years, specialising in biochemistry for my third year. This meant that I had 
been taught the equation that won Einstein the Nobel Prize, E = hυ, crucial 
also for calculating the energy required for bioluminescence. As a result, I 
was able to choose the correct photomultiplier, from an array of choices. 
Others did not. 

3.3.10. Curiosity 
But all of these nine rules would be of no use at all without curiosity, and the 
ability to focus our minds on a key question. Once I had discovered the 
beautiful luminous jellyfish Obelia (Figure 3.4), I became very curious about 
bioluminescence as a whole. Where could you find bioluminescent organ-
isms? What was the energy source for the light? What were the chemical 
reactions involved? How many of them were there in Nature? And, how do 
these creatures produce Nature’s rainbow of colours, from violet (400 nm) to 
deep red (700 nm). 

All bioluminescence is chemiluminescence – the emission of light as a re-
sult of a chemical reaction (Campbell, 1988). It is a remarkable phenome-
non. Being found in single-celled organisms, such as bacteria, dinoflagel-
lates, and radiolarians, fungi, and animals from at least 16 phyla, including 
jellyfish, sea pansies, squid, shrimp, and fish. In 1667, Robert Boyle (1626-
1691) (Figure 3.7) used his air pump to show that luminous wood and meat, 
now known to be caused by a fungus and bacteria respectively, required air 
to produce the light. This was the first demonstration that all biolumines-
cence needs oxygen. In 1887, the French physiologist Raphael Dubois 
(1849-1929; Figure 3.7) extracted a heat-stable and a heat-labile substance 
from the luminous piddock, Pholas dactylus (Dunstan et al., 2000; see also 
Figure 3.4), which when added together in a test tube produced light. He 
called these components – luciférine (now without the e) and lucifèrase 
(Figure 3.7), generic terms that have stuck ever since. But the puzzle for the 
young biochemist Bill McElroy (Figure 3.7), working at Johns Hopkins in 
the USA, was, when you stamp on a firefly, why does the light go out? This 
may seem obvious to most people, as you have killed the creature! But to a 
biochemist this was a real problem, because the chemicals were mixed, and 
yet there was little or no light! In the 1940s the importance of ATP had only 
recently been realised. McElroy argued that this must be the energy source. 
He had some in his freezer, which he had extracted from rabbit muscle and 
frog eggs. He added back this ATP to the firefly extract. Eureka, he got lots 
of yellow light! This experiment, and similar ones with other biological sys-
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tems, was to lead to one of the great myths in biochemistry, that ATP has an 
energy-rich bond. It does not!! Yet this myth is still perpetuated in many 
textbooks, and even a Harvard web site. 

 
 

Figure 3.7. How Bioluminescence Makes its Light 

Bioluminescence is “cold light”. All the energy from the chemical reaction 
goes into making a photon, instead of heat. Einstein’s equation, E = hυ, tells 
us that the energy you need is 50-100 kcal/mole, or 200-400 joules/mole, to 
generate a red or a blue photon. ATP produces less than 10 kcal/mole. There 
is not enough energy in ATP to generate a visible photon. In fact, all biolu-
minescence is “burning without fire” (Figure 3.7). It is the oxidation reaction 
that has enough energy (ΔH) to generate an excited electron, which can de-
cay, emitting a visible photon. ATP drives the reactions of life because live 
cells maintain the ATP to ADP + phosphate reaction well on the side of 
ATP. Thus, ATP has the potential energy to drive other reactions. 

I was lucky enough to be invited on three research cruises on RRS Dis-
covery, which had special nets that could be opened and closed at specific 
depths to catch deep sea marine creatures. 1,000 metres below the surface of 
the sea we find the biggest ecosystem on our planet, covering over half the 
Earth’s surface, as mentioned. There, bioluminescence is the major commu-
nication system, being used to attract prey, scare predators, act as a camou-
flage, and even to attract a mate. At night, when the nets came up, we often 
turned off the lights on the deck. We saw then a truly amazing site. The nets 

Bill McElroy and Marlene DeLuca 

Raphaël Dubois (1849-1929) 

Robert Boyle (1629-1691) 
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were dripping with blue light. My work on these incredible animals led to 
the discovery that coelenterazine (Figure 3.8), the cause of the light in the 
luminous jellyfish Aequorea and Obelia, is the most common chemistry 
causing bioluminescence in the sea, being found in at least 8 phyla (Camp-
bell and Herring, 1990, Thomson, Herring and Campbell, 1995a, Thomson, 
Herring and Campbell, 1997), including many luminous and non-luminous 
species (Figure 3.8). An important discovery was that the jellyfish do not 
appear to make coelenterazine themselves, but rather get via the food chain. 
We discovered that the red shrimp (Figure 3.1 above) are able to make coe-
lenterazine de novo (Thomson, Herring and Campbell, 1995b). 

 

Figure 3.8. Coelenterazine – the Most Common Chemistry for Bioluminescence in 
the Sea 

It turned out that bioluminescent organisms have evolved three ways of pro-
ducing different colours: 

1. The oxidation product of each luciferin, like a particular dye, has a 
different electronically excited state. So each produces a different 
colour. Coelenterazine oxidation produces violet to blue light, 
whereas firefly luciferin oxidation produces green, yellows or red 
light. 

2. The luciferase produces a solvent cage that determines the electronic 
energy level, and structure, of the excited state of the oxyluciferin, 
and thus the colour of the light emitted. When we cloned the lucifer-
ase from the British glow-worm, Lampyris noctiluca, we found that 
it was 80% identical in sequence to that from the US firefly Photinus 
pyralis (Sala Newby, Thompson and Campbell, 1996). Just a few 
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amino acids change the solvent cage, and thus the glow-worm emits 
green light instead of the firefly’s yellow light. 

3. The green fluorescence protein, discovered originally by Shimomura 
in his curiosity quest for how the jellyfish Aequorea emits light, 
changes the colour the jellyfish emits from blue, the normal colour 
of coelenterazine bioluminescence, to green. GFP acts as an energy 
transfer acceptor from the product of the coelenterazine oxidation 
reaction – coelenteramide. 

I then realised that it was possible to genetically engineer three types of 
Rainbow protein, based on what Nature had taught me, and that it was possi-
ble to detect various chemical reactions in live cells by monitoring both a 
change in light intensity and colour (Sala Newby and Campbell, 1992, Waud 
et al., 1996, Baubet et al., 2000, Waud et al., 2001). 

3.3.11. Four Golden Rules 
Having discussed the 10 rules for new knowledge, I would like to hone these 
down to 4 golden rules: 

1. Curiosity. 
2. Asking the key question. 
3. Designing the key experiment. 
4. Always being positive. 

These surely are timeless, and give us a real vision for the future of new 
knowledge from the next generation. 

3.3.12. Obstacles to New Knowledge 
I have tried above to be very positive about what I believe are the keys to 
new knowledge. Yet there are, and probably always have been, many obsta-
cles for original thinkers. These include: 

1. Lack of money and resources. 
2. Bureaucracy, leading to endless meetings and paperwork. 
3. Lack of inspiration in the way we are told to teach science at Uni-

versity and in schools. The curriculum tends to suppress curiosity! 
4. Peer review, which all too often will not take risks on original re-

search. 

The past history of science identifies many discoveries have been made by 
people with personal money. Charles Darwin was able to work for 40 years 
in his own house, because he inherited money from his grandfather and fa-
ther, and his wife, Emma, was a Wedgwood, and inherited some of that for-
tune. More recently, Peter Mitchell (1920-1991) was able to test his chemi-
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osmotic hypothesis about how mitochondria make ATP, because he had 
money to set up his own laboratory in Cornwall. Mitchell was awarded the 
Nobel Prize in 1978 for this work. It is doubtful whether Darwin or Mitchell 
would have got grant support from Research Councils today when they first 
started. In contrast, the famous LMB lab in Cambridge has led to at least 8 
Nobel prizes, and yet has been funded virtually entirely by public funds. 
This success is because they set up their own peer review system, often 
“over a cup of tea or coffee”. The current peer review system has clearly 
broken down. It is hopelessly over-stretched. Top scientists do not have the 
time to spend looking at hundreds of applications. The result is grants and 
papers submitted for publication are all too often reviewed by intellectually 
lightweight people, who belong to clubs and cliques. Furthermore they are 
able to get away with comments based on prejudice because the system is 
secret. There can be no case for this in the 21st century. Surely, if you have a 
criticism to make, if you cannot make it face to face then you should not be 
making it! 

3.4. Communicating Science to Others – the DISI 
Model and the Darwin Way 
The life-blood of science is experiment followed by debate, as a result of 
communicating your results to others. It is therefore essential that we publish 
novel findings and inventions in the international literature. This enables us 
to assess, through peer review and the reaction of other scientists, what one 
has really achieved. But I have always believed that it is also vital to com-
municate what we have found out or invented to a wider public, and in par-
ticular to use this to inspire the next generation of scientists and engineers. 

I often ask students: How would you tell your grandmother what your 
PhD thesis is about? If you cannot explain this in one or two sentences, then 
you have not found out anything! So this is not simply about making your 
science simple, and understandable, by non-scientists. It enables you your-
self to think critically about what has been achieved, and what impact your 
work has had. Science has become so specialised that we often find it diffi-
cult to communicate to each other. 

In 1994, I founded the Darwin Centre for Biology and Medicine (Can-
olfan Bywydeg a Meddagaeth Darwin – www.darwincentre.com), as a vehi-
cle to excite young people about science, to arouse their curiosity, and ex-
pose them to cutting edge science. In 1999, the Darwin Centre moved to 
Pembrokeshire, a beautiful area in West Wales, with surprising links to 
Darwin – two families who are descendants of officers on the Beagle live 
there, for example. My dream was to develop a philosophy that would give 
young, budding scientists the intellectual armoury to discover new 
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knowledge, and then to decide how important this was. It has led to what I 
like to call “The Darwin Way”. 

A further aim was to explain to the public why we do what we do in uni-
versities and research institutes. Why, for example, has someone like me 
studied animals and bacteria that make light for over 40 years, all done in a 
Medical School and now a School of Pharmacy? Eight of the scientists who 
taught me at Cambridge in the 1960s were Nobel Laureates, either at the 
time or have won it since. But it was not the facts they taught me that were 
important, but rather a way of thinking about scientific questions. What was 
the big problem? What was the key question? What was the key experiment 
to answer this? Thus, for example, Caesar Milstein (1927-2002), who super-
vised us in practical classes about proteins, and who won the Nobel Prize in 
1984 for monoclonal antibodies, argued that the key question in immunology 
was – does each B lymphocyte only produce one antibody molecule – the 
clonal hypothesis? Or is each cell capable of making several different anti-
body molecules? The key experiment therefore was to make enough anti-
body from one lymphocyte, and try to sequence it. Milstein had worked on 
protein sequencing at MRC’s Laboratory for Molecular Biology on the out-
skirts of Cambridge with double Nobel Laureate (in 1958 and 1980) Fred 
Sanger (born 1918). So, if he could sequence the product then it had to be 
“one antibody one cell”. However, if each cell could make lots of different 
antibodies, then the sequence data would be a mess. This was the drive to 
make a clone from one B-lymphocyte, leading to the technology for making 
monoclonal antibodies. Such clever people also installed in me the question: 
What have you found out? This led me to the model I use when teaching 
students, and in the Darwin Centre, as well as when I try to assess the impact 
of my own research. I call it the DISI model: 

1. Discovery – what have you found out? 
2. Invention – what have you invented as a result of finding it out? 
3. Scholarship – what analysis have you carried out that gives us a 

greater understanding of your field? 
4. Impact – what impact has your discovery, invention and scholarship 

had on: 
a. The advancement of science 
b. Medicine and health care 
c. The economy 
d. Culture 
e. Education 
f. Public understanding and appreciation of science 

So, over 40 years, work on either bioluminescence or fluorescence has led to 
the discovery that changes in free Ca2+ inside cells are indeed a universal 
signal in animal, plant and microbial cells. It led us to discover a key mecha-
nism causing release of toxic oxygen species and degradative enzymes in the 
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rheumatoid joint (Hallett and Campbell, 1982). The complement system in 
blood was always thought to kill cells, but I found a mechanism that showed 
this was not true, it was able to activate a defence process, enabling the cell 
to remove the potentially lethal complexes. This was triggered by a rise in 
intracellular Ca2+ (Campbell and Morgan, 1985). More recently, with my 
wife and collaborator of 30 years, Stephanie Matthews, we have revealed a 
new mechanism by which gut bacteria can cause symptoms around the body 
(Campbell et al., 2010), and which we propose is a new mechanism to ex-
plain the diabetic epidemic, as well as rheumatoid arthritis, some cancers, 
and brain disorders, such as multiple sclerosis, Parkinson’s and Alzheimer’s. 
Once again the Rubicon principle (Campbell, 1994) and the key experiments 
measuring free Ca2+ inside live bacteria and eukaryotic cells have been cru-
cial in developing and testing this hypothesis. It has led to the “gold stand-
ard” for diagnosing lactose sensitivity and irritable bowel syndrome (IBS), 
based on a genetic test for a polymorphism closely associated with low lac-
tase in the small intestine, together with analysis of breath hydrogen and 
methane, with a complete record of gut and systemic symptoms after an oral 
lactose challenge (Waud et al., 2008). 

But, just as we saw with Milstein, I believe that inventions arising from 
curiosity-driven research should be exploited for human good. I realised that 
the chemiluminometer we had built for measuring bioluminescence could 
detect as little as 10-21 mol of obelin. A flash was better than a glow (Camp-
bell, 1988). By concentrating as many photons into as short a space of time 
as possible, the signal to noise was optimised. My boss, Nick Hales, was one 
of the pioneers of immunoassay. This is a technique that exploits the fact 
that antibodies bind substances very specifically and at very low concentra-
tion. By quantifying this binding, a substance in blood or urine can be meas-
ured. These include hormones, drugs, vitamins, bacteria, viruses, and cancer 
proteins. It is now a market of many tens of billions of dollars worldwide. 
Nick Hales showed that labelling antibodies with radioactive labels such as 
125I was the most sensitive way of using this technique in clinical samples. 
But 125I was very dangerous to use. Many labs around the world were not 
allowed to use it, since technicians would get their thyroids heavily labelled, 
with dire consequences. Furthermore, the reagents were not stable. The 125I 
decayed, and in doing so damaged the proteins to which it was attached. We 
urgently needed a replacement. I suggested using chemiluminescence. And 
to many other people’s surprise, it worked! So I was advised to patent it. The 
principle was then published in Nature (Simpson et al., 1979). But the first 
label I suggested, luminol, could only be detected down to about 10-15 to 10-

16 mol, well short of the sensitivity of detecting 125I at 10-18 mol! So I went 
looking for a flasher. 

In 1978, after presenting my early work on obelin at a Biochemical Socie-
ty meeting in Sussex, I was lucky enough to pass the door of well-known 
chemiluminescence expert, Frank McCapra. I decided to take a risk and 
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knock on his door. Three hours later, after an inspiring discussion, he had 
given me a sample of a compound, an acridinium ester (Figure 3.9), he had 
made as a model substance for the jellyfish flash. The next day back in Car-
diff I tested it. Using my chemiluminometer, we got a sensitivity of 10-19 
mol, better than 125I. We had to modify it to attach it to an antibody. But still 
there was a problem with the chemistry. When starting in the usual buffer, 
the compound gave a glow instead of the desired flash. Realising a key part 
of the chemistry was a competition between OH- and HO2

-, I suggested start-
ing in acid, and blasting it with alkaline peroxide (Figure 3.9). Eureka, it 
worked (Weeks et al., 1983)! This simple chemical change turned out to be 
worth nearly £20 million in income to Cardiff. The technology was licensed 
to two US companies in billion-dollar markets. It is now used in several 
hundred million clinical tests per year. It is the world leader. The best test for 
AIDS uses our label. Of course, the ultimate success required a team in Car-
diff, and in Sussex, and the development of it commercially by a big compa-
ny. The technology was awarded a Queen’s Anniversary Prize in 1998, and 
was selected by the Eureka project for Universities UK in 2006, as one of the 
top 100 discoveries and inventions from UK Universities in the past 50 
years. In 2010, a report on the economic impact of basic research for the 
Russell group of UK Universities selected only one from Wales, my work on 
bioluminescence. And yet, it all started because I was given the freedom to 
follow my curiosity about how a jellyfish made its flash, and was able to 
make an apparatus sensitive enough to follow it! Politicians and Vice Chan-
cellors need to ask themselves whether such freedom is still available in our 
Universities and Research Institutes! 

 
Figure 3.9. A Chemiluminescent Label for Immunoassay and DNA Technology 
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A further important issue is the biological system you chose to investigate a 
big problem and to test mechanistic hypotheses. Far too much work is now 
focussed on using tissue culture. Many Nobel prizes have been based on the 
use of model systems, particularly invertebrates. 1963 Nobel Laureates Alan 
Lloyd Hodgkin and Andrew Huxley used the giant nerve fibres and muscles 
of the squid and crab to establish the ionic basis of how nerves fire, and how 
muscle contracts. Paul Nurse and Tim Hunt won the Nobel Prize in 2001 
with Leland H. Hartwell for discovering two protein families, essential for 
the cell division cycle, and thus vital in understanding cancer. Paul Nurse 
used yeast genetics and Tim Hunt sea urchin eggs. Thomas H Morgan 
(1866-1945) pioneered genetics by studying mutants of the fly Drosophila. 
Charles Darwin used an array of animals and plants − barnacles, finches, 
coral, insectivorous and climbing plants, orchids and earthworms − to devel-
op the evidence for his BIG idea of evolution by Natural Selection. Sidney 
Brenner and John Sulston (Nobel Laureates 2002 with H. Robert Horvitz) 
developed the nematode worm Caenorhabditis elegans as a model system, 
and for the first genomic DNA sequence. I myself have recently been devel-
oping the water flea Daphnia (Campbell, Wann and Matthews, 2004) (Fig-
ure 3.10) I found it in my pond. It has a heart less than 0.2 mm long, yet it 
responds to many substances that regulate the heart and other muscles in the 
human body. I am using it to test our bacteria metabolic toxin hypothesis 
(Campbell et al, 2010). 

 
Figure 3.10. Daphnia as a Model System 

3.5. A Vision for the Future – Key Questions 

3.5.1. Evolution – Origins 
One of the key questions in evolution is – what is the origin of an enzyme? 
Take all the chemicals from your body and put them in a pot. Nothing will 
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happen until a catalyst is added. All biological reactions require a catalyst. 
These are proteins – enzymes. 

Charles Darwin wrote in Chapter VI of On the Origin of Species – “Diffi-
culties on Theory” – that the luminous insects provided a problem analogous 
to the organs of electric fishes. He could not see how small change by small 
change could lead to a new phenomenon (Campbell, 2003b). Half an eye is 
better than none, but a reaction that produces insufficient light to be visible 
has no apparent selective advantage. So I have been developing albumin, the 
major protein in blood, as a model for one of the key problems in evolution – 
what is the origin of an enzyme. Protein sequences have given us arrays of 
protein families, arranged with their sequences aligned and flowing back to 
the original protein in the family concerned. But, no one discusses where 
does this “original protein” come from? Attempts to convert one protein into 
another have failed. A kinase is still a kinase, and a dehydrogenase remains 
thus, even though it may be possible to tinker with its biochemical proper-
ties. Aequorin is triggered to flash by Ca2+. Its protein sequence is some 25% 
similar to a universal Ca2+ binding protein-calmodulin. However, this cannot 
be the origin of its bioluminescence, as the sequence similarity is only in the 
Ca2+ binding sites. As Fred Hoyle once argued, the evolution of proteins by 
random mutations is like “a tornado sweeping through a junk-yard to con-
struct a jumbo jet” (Hoyle, 1981). Yet I have recently shown, with my stu-
dents, that albumin can act as a coelenterazine luciferase, using just two or 
three key amino acids in the binding site (Vassel et al., 2012). So the key to 
the origin of an enzyme is the solvent cage which entraps the substrate 
(Watkins and Campbell, 1993). This creates the electrochemical environ-
ment to allow a particular chemical reaction to proceed, thereby reducing the 
activation energy required. I have no grants to pursue this curiosity question. 
So I am funding it now myself. 

Further evolutionary questions that remain to be answered are: 
1. Why has Nature chosen ATP to drive synthetic reactions and ion 

pumps, like Ca2+? Why not GTP, CTP, TTP or other nucleotides? 
2. Why has evolution chosen a particular handedness of molecules – 

right-handed sugars in polysaccharides and left-handed amino acids 
in proteins? Is there a mirror image of life out there in space? 

3. Why are there only 20 amino acids in most proteins? 
4. What is the origin of the genetic code? 
5. What is a species, and how does a new species really appear? 

Darwin never really addressed this last question. He reminded us on several 
occasions also that he never addressed the question of the origin of life. He 
found this too difficult! On the Origin of Species is really about the devel-
opment of a species, rather than the true origin of a species. But we now 
know that a mouse cannot mate with an elephant, not because of size, but 
because the DNA just will not mix. And yet orchids form fertile hybrids, and 
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even the Galapagos finches can breed with each other to produce fertile off-
spring. We need a new concept to understand the pathway of Rubicons that 
ultimately leads to the appearance of a new species. 

3.5.2. Small Change by Small Change 
The time scale of natural events often bears little relation to the time within 
which we are able to carry out experiments in the laboratory. The chemistry 
involved in maturing a bottle of good red wine, which can take anything 
from 5 to 20 years, has something to tell us. Charles Darwin worked out how 
coral reefs form. Just a 1% increase in reef degradation compared with depo-
sition, as a result of sea changes induced by climate change, will lead to 
complete loss of a reef. Similarly, it can take months or years for a rampant 
cancer tragically to kill someone. Just a 1% increase in cell division versus 
cell death will lead to a large cancer within months. There are currently no 
methods to detect these 1% effects directly. I have shown recently that the 
Ca2+ signals, detected by aequorin in the bacterium E. coli, cause changes in 
gene expression and just a 10% decrease in generation time. Such a differ-
ence between competing bacteria in the gut would result in 20,000 more of 
the bacteria growing slightly faster within 24 hours (Figure 3:11) (Campbell 
et al., 2007a, Campbell et al., 2007b). 

So new methods, and systems, are required to investigate these Darwinian 
mechanisms. Such methods will be essential if we are to understand the in-
teractions of biodiversity that determine the survival or loss of an ecosystem. 
These are: 

1. Diversity of species 
2. Diversity of genetics 
3. Diversity of habitats 
4. Molecular biodiversity 

The first three are well known to ecologists. But the fourth needs to be ad-
dressed more vigorously, and not just through DNA (Campbell, 2003a). 
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Figure 3.11. The 10% Effect 

3.5.3. Medicine 
Many of the diseases that afflict us still remain unsolved, in spite of huge 
efforts and money being put into investigating them. Perhaps the solution to 
cancer, Alzheimer’s disease, Parkinson’s, multiple sclerosis, rheumatoid 
arthritis is just around the corner. But the four golden rules need to be ap-
plied. What is a cancer cell? The DNA revolution has led to a huge expan-
sion in genetic research. Large sums of money and human effort are being 
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poured into scanning along the human genome for “risk” genes. These give 
you a risk of diseases such as Alzheimer’s or diabetes. But there is no evi-
dence that they are causative. In contrast, mutations in the haemoglobin gene 
cause cycle cell anaemia. This is a classic inherited genetic disease, the mu-
tation in the DNA being causative. So where is the evidence that “risk” 
genes, of which we all carry several, are causative? Charles Darwin teaches 
us the key question we should be asking is “what is the selective advantage 
of these genes”. This needs lateral thinking to design key experiments to 
answer this. Much of medicine is still descriptive: Natural History. The key 
to understanding how to manage an individual patient is mechanism – the 
Natural Science that explains all the symptoms and development of the ill-
ness. And what about money? 

3.5.4. Money and Resources 
I never expected to make money out of science. My scientific drive has been 
to use my academic freedom, with responsibility, to follow my curiosity, 
without thought of financial gain. Yet I do believe in encouraging entrepre-
neurship. The only way to get a good invention to be used by millions of 
people is to develop it through the commercial sector. Several hundred thou-
sand people a day are now benefiting from the chemiluminescence invention 
that I, with colleagues in Cardiff, developed, and that evolved from a lumi-
nous jellyfish. It all started with curiosity. But its eventual success was criti-
cally dependent on a realisation of its potential in multi-billion dollar mar-
kets. Now I am lucky enough to be supported by the Welsh School of Phar-
macy, in Cardiff University, with enthusiastic and critical colleagues, and an 
interaction with bright under-graduates and post-graduates. 

For me money is a vehicle to help achieve one’s dreams. I have had a lab 
in my house since I was 11 years old. Now I have been able to realise my 
dream of having my own Science Centre, the Welston Court Science Centre, 
since I used my share of the patent income to set this up in Pembrokeshire, 
and start the Darwin Centre there. We have school events in our grounds 
every year, combining Natural History with cutting edge science, including 
of course the “wow” factor of glow-worms and light emitting demonstra-
tions! Students and colleagues also come to study the bioluminescent ani-
mals available in Pembrokeshire, not found in the sea around Cardiff. Also, 
with my wife Stephanie Matthews, we set up two spin outs – AK Rainbow 
Ltd, as a vehicle to realise the potential of Rainbow and Canary ProteinsTM, 
for drug discovery, and monitoring environmental toxins, including agents of 
terrorism; and The Welston Press Ltd (www.welstonpress.com), to com-
municate novel ideas through booklets and books, such as our recipe book 
for people sensitive to lactose (Campbell and Matthews, 2005b), to generate 
new ideas about how we teach and communicate science, and new technolo-
gy, to a wide audience via the Internet. 
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New knowledge can still be generated, and disseminated, by brilliant in-
dividuals. But teams and consortia are also needed in the 21st century. The 
Hadron collider project at CERN is a beautiful example of the need for large 
groups of scientists required to attack a key question with a key experiment, 
needing incredibly expensive resources. 

The prizes initiated by Alfred Nobel (Figure 3.12) inspire young and old 
alike. But they can only be won by a few people. I am therefore reminded of 
how lesser mortals like myself can still contribute in a major way to new 
knowledge. The late mathematician and philosopher, Bertrand Russell 
(1872-1970) (Figure 3.12), labelled now through the Internet as one of the 
world’s great thinkers of the past, wrote (Russell, 1919, p. 41): 

In art nothing worth doing can be done without genius; in science even a very 
moderate capacity can contribute to a supreme achievement. 

Thank goodness for that!! 

   
Alfred Nobel 1833-1896 Pablo Picasso 1881-1973 Bertrand Russell 1872-1970 
(by Gösta Florman, no date) (anonymous, 1962) (anonymous) 

Figure 3.12. Individuals or Teams? 

For me, a lifetime in science has been a wonderful voyage of discovery, 
invention and scholarship. It has introduced me to the most amazing phe-
nomenon – bioluminescence, enabling me to merge my passion for Nature – 
Natural History – with an insatiable curiosity about how Nature works – 
Natural Science. And there is still so much I am curious about, even in the 
kitchen. I aim now to bring in my third intellectual passion, music. So final-
ly, as a link between new knowledge in science and innovation in Music and 
the Arts, we should take note of the philosophy of Pablo Picasso (1881-
1973) (Figure 3.12), when he said: “I do not seek, I find”. 

As Charles Darwin taught us, wherever we are, our senses of sight, smell, 
hearing, taste and touch must be alert and fully communicating with our 
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brains, if we are to find what we do not realise we are looking for. Curiosity 
inspires. Discovery reveals. 

3.6. Comments by Wilhelm Engström14 
Is it possible to maximise scientific success?15 When the superficial layers 
enclosing this key issue have been peeled off, one key truth remains, namely 
that when it comes to genuine scientific brilliance the only thing that really 
matters is the scholarly brain. It is important to emphasise this truism, be-
cause it is one of the great challenges for scientists of our era to make clear 
that scientific progress depends on the scholar, and not on the politician, the 
administrator or the fundraiser (real or bogus). The latter groups can facili-
tate the delivery of science, or at least refrain from putting obstacles in the 
scientist’s way, but they cannot replace the brainwork. In this short note I 
will highlight what I believe are some prerequisites for the “production of 
knowledge” and also identify some of the more gruesome threats that sci-
ence of today is facing. 

3.6.1. Tradition 
Some of the new countries have targeted science as the next promising area 
for investment. China, India, Brazil and some of the oil-producing countries 
in the Middle East are pouring money into new academic ventures. Dozens 
of new universities have been established and resources quadrupled. But 
even if these novel establishments are drenched in unlimited amounts of 
running money, they need to seek inspiration from successful exemplars to 
have any chance of excelling in science. So the question arises, is it possible 
to replicate an environment in which the best and the brightest truly will 
achieve their best? 

Today, when everybody in the academic world is crying out for more 
money, the sober voices that prefer to focus on organisational and social 
hindrances tend to be overwhelmed in the public debate. Life, however, has 
taught me to be a strong believer in tradition. On the ranking lists of academ-
ic establishments worldwide, England’s two oldest universities − Oxford and 
Cambridge − have consistently won top positions irrespective of what pa-
rameters are measured in the surveys conducted. This, however, is also true 
for some of the oldest and most prestigious of the US universities, but since 
                               
14 E-mail: wilhelm.engstrom@bvf.slu.se. 
15 In the course of preparing this manuscript I have had the privilege of arguing its contents 
with two of the sharpest brains I have come across throughout my scientific career – Professor 
Pankaj Vadgama FRCPath, pillar of London academic life and the former president of the 
Royal Upsala Academy of Sciences, Professor Bertil Albrektson, Honorary Doctor of Divini-
ty, University of Edinburgh. Their comments and criticisms have been much appreciated. 
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their premier examples, Harvard and Princeton, were modelled on British 
universities, it becomes even more interesting to examine if there are Ox-
bridge-type peculiarities that may account for their stunning success. 

Both Oxford and Cambridge have remarkable track records, but both also 
display opposing strengths. Of 54 serving prime ministers (counting from Sir 
Robert Walpole, 1676-1745, through to David Cameron) 41 went to Ox-
bridge, three went to other universities and 10 attended no university (Loft-
house, 2010). Of these, 27 went to Oxford (I also take the liberty to include 
William Pulteney, the 1st Earl of Bath, in spite of the fact that he only served 
two days in office) and 14 to Cambridge. On the other hand, if Nobel Prizes 
are taken as an indicator of scientific prowess, Cambridge (including the 
MRC laboratory for molecular biology which is strictly speaking not a for-
mal part of the University) has produced 25 and Oxford 10 Nobel laureates. 

Adherence to tradition in these great universities is evident as soon as one 
enters any of its colleges or institutions; every hallway is filled with the por-
traits of successful alumni. But what really makes these universities so ex-
ceptional is their ability to integrate their great history into razor-sharp ambi-
tion guided by a clear vision for the future. After having observed an Oxford 
college facade, the teenage son of the American 1958 Nobel laureate George 
Beadle, who spent a sabbatical year in Oxford in1957, summarised it rather 
well: “Mummy, these ruins are inhabited” (Beadle, 1961).  

One of the great virtues of Oxbridge is its tutorial system. Through this 
one-on-one teaching system, undergraduates are trained to construct texts 
and presentations, laying down sustained arguments, all pulled together at 
speed with limited knowledge. By mastering this approach, such students 
and budding scientists are well suited to take on considerably more complex 
issues. It is also true in this context that scientists are considered to possess 
thorough first-hand knowledge of only some subjects; it is regarded as a 
matter of noblesse oblige not to express an opinion on subjects of which one 
is not a master. However the speed at which scientific revelations are being 
made has made it obvious that we have begun to acquire sufficient material 
to weld together the sum-total of all that is known into a single unity. As the 
1933 Nobel laureate Erwin Schrödinger concluded in his brilliant little book 
What is Life (Schrödinger, 1945), it has become next to impossible for a 
single mind to fully command more than a small specialised portion of this 
unity. Schrödinger (1945, Preface) offered an apology for his own attempt:  

I can see no other escape from this dilemma (lest our true aim be lost for ev-
er) than that some of us should venture to embark on a synthesis of facts and 
theories, albeit with second-hand and incomplete knowledge of some of them 
– and at the risk of making fools of ourselves. 

However, a tutorial system cannot alone uncover and enhance brilliance. It 
requires a very special type of intermediary – the “Don”. The Oxbridge 
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teacher and Fellow of a college – normally referred to as the don – probably 
holds the key to Oxbridge superiority. Their role, which also conforms to the 
general aim of the university, has been eloquently summarised by Lord An-
nan in his bestselling book The Dons. In a few sentences Lord Annan un-
locks the secrets of academic success (Annan, 1999, pp. 16-17): 

It is these places, with Oxford and Cambridge, that are the guardians of intel-
lectual life […] They cannot teach the qualities that people need in politics 
and business. Nor can they teach culture and wisdom more than any theolo-
gian teaches holiness, or philosophers goodness or sociologists a blueprint for 
the future. They exist to cultivate the intellect. Everything else is secondary. 
Equality of opportunity to come to the university is secondary. The matters 
that concern both dons and administrators are secondary. The needs to mix 
classes, nationalities and races together are secondary. The agonies and gaie-
ties of student life are secondary. So are the rules, customs, pay and promo-
tion of the academic staff and their debates on changing the curricula or pro-
curing facilities for research. Even the awakening of a sense of beauty or the 
life-giving shock of new experience or the pursuit of goodness itself – all the-
se are secondary to the cultivation, training and exercise of the intellect. Uni-
versities should hold up for admiration the academic life. The most precious 
gift they have to offer is to live and work among books or in laboratories and 
to enable the young to see those rare scholars who have put on one side the 
world of material success both in and outside the university, in order to study 
with single-minded devotion some topic because that above all seems im-
portant to them. A university is dead if the dons cannot in some way com-
municate to the students the struggle – and the disappointments as well as the 
triumphs of that struggle – to produce out of the chaos of human experience 
some grain of order won by the intellect. That is the end to which all the ar-
rangements of the university should be directed. 

3.6.2. A Stimulating Environment 
Traditions are important, but how should an establishment that cannot lean 
against a great track record dating back to the 13th century ever pick up the 
gauntlet? This is perhaps one of the greatest challenges that face universities 
of today. Various means have been tried to maximise scientific output. The 
changing socioeconomic panorama, however, affects universities as well as 
the rest of society. Firstly, there is an increasing societal demand for scholars 
to account for research grants and to demonstrate that their data has practical 
application, or at least useful value. Secondly, market mechanisms have 
come into operation to distribute funding resources. Taken together, the ex-
pansion of scientific work, the demand for accountability and market mech-
anisms have resulted in a fundamental change in paradigm for universities 
and their scholars. Universities have responded by tightening financial con-
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trol so as to solidify the foundations. A huge expansion of university bureau-
cracy now hampers the scientists’ lives (cf. below). 

This growth of the bureaucratic hydra is an international phenomenon. 
This does not, however, preclude the survival of first-class scientific envi-
ronments. Moreover, it is possible to identify certain obvious characteristics 
of excellent scientific surroundings. The first prerequisite is spelt t-i-m-e. 
What all scholars need is time to focus on their research. More and more of 
today’s working hours are spent on trifling matters that have little or no bear-
ing on the research project per se. In my experience, the best thing a univer-
sity leader, or head of department, can do is to minimise the time spent on 
fruitless discussions on matters of no importance for their scientific projects, 
and which may be beyond their control anyway. When I go back to my alma 
mater – the Department of Zoology in Oxford – I am at a loss to understand 
how its young researchers can concentrate on their projects for any length of 
time when our young scientists are so often interrupted or distracted by use-
less meetings, hopeless discussions, usually on administrative matters, or 
attending to their Facebook or Twitter sites. What the aspiring scientist 
needs more than anything else is time to concentrate, and to think in depth. 

Secondly, a prosperous scientific environment needs inspired communi-
cation between scholars. My father spent a sabbatical year at the MRC la-
boratory in Cambridge in 1960, and he always praised the intense, and some-
times even abusive, confrontations between Francis Crick on the one hand 
and Max Perutz, John Kendrew and Fred Sanger (all Nobel laureates) on the 
other, during the morning coffee breaks. These confrontations were purely 
scientific, and lacked any trace of lightweight chitchat. My father described 
the Departmental coffee room as the best dramatic theatre in the Anglo-
Saxon world. But what else could be expected from the man who was de-
scribed by his fellow Nobel laureate James Watson in the opening sentence 
of The Double Helix with the famous words: “I have never seen Francis 
Crick in a modest mood” (Watson, 1968, p. 9). 

I had the same experience when I arrived in Oxford as a young post-doc 
in 1982. The coffee lounge below the famous portrait of Sir Alastair Hardy 
and Edmund B. Ford was transformed every morning into a melting pot of 
mad ideas often inspired by some article in the latest issue of Nature or Sci-
ence. One could not help being carried away by radiant enthusiasts such as 
Chris Graham, Paul Harvey, Richard Gardner (all Fellows of the Royal So-
ciety) and not least the incomparable Rosa Beddington, who sadly died in 
the blossoming period of her life and career. More than once, these coffee 
break discussions led one to change some experimental approach or other, 
and I still feel extremely grateful to the colleagues there who gave so much 
inspiration, and who showed by their own memorable example that good 
science was so much more fun that mediocre science. 

One final point. Oxbridge being based on a collegiate system has always 
exercised the habit of academic cross-fertilisation; in College you very rarely 
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speak to colleagues representing the same or similar subject area as yourself. 
When I was first affiliated with what became my second home in life – 
Christ Church in Oxford – our Dean, the magnetic Eric Heaton, explained to 
me that there were three things we should never talk about during College 
meals. We should not talk about our work, we should not talk politics and 
we should not talk about women. So I asked him what we should talk about, 
then. He explained, with the utmost patience, that the night before everyone 
had been thrilled by the discovery of a Cantabrian scholar how the letter “o” 
was wrongly inserted into the word fetus (foetus) in the Middle Ages. The 
scholar in question had found the original manuscript which was copied by 
hand by a monk who (perhaps deliberately) inserted an extra letter thereby 
changing spelling habits for more than 600 years. Dean Heaton ended his 
introduction with a bon mot, I have always tried to live by: “You should 
always speak your mind – just make sure you are not common”. 

3.6.3. Our Antagonists 
Universities in general, and scholars in particular, have always had natural 
enemies. Those external enemies have always been more easily identifiable. 
Thus, religious leaders, of a particular ilk, have gone to great lengths to op-
press universities who have spoken uncomfortable truths. A rather grotesque 
but profane example was seen in China in the 1960s when the Cultural 
Revolution set academic structures back to the Stone Age. On a lesser, but 
still devastating, scale a Swedish Minister of Education in the 1990s decided 
to take out his personal Machiavellian revenge on the universities by cuts so 
drastic that only when hundreds of university professors demanded his res-
ignation, order could be restored. This country has also experienced another 
example of how politicians manage to make decisions that go horribly 
wrong. In the early 1990s when belief in the invisible hand of the market 
was at a high, the state transferred the stock of government property to a 
newly formed public company (Akademiska Hus AB) with a demand for an 
annual return on the capital. Suddenly, we in the universities had to pay rent, 
even for obsolete offices and laboratories that had been given away for free. 
Because of the monopolistic nature of the so-called market, we were forced 
to pay rents that often exceeded those that commercial outlets paid in the 
most attractive inner city areas. In reality, we have since been in the hands of 
a company that exercises nothing but pure profiteering. By creative 
bookkeeping their fat cats have been able to collect considerable bonuses for 
themselves, leaving most university departments and laboratories to bleed. 
Similar schemes have been developed abroad, but international comparisons 
show the Swedish example to be particularly vicious. 

The “enemy within” is more difficult to identify and almost impossible to 
handle. In a mayday call in 1980 by one of Sweden’s few university profes-
sors that decided to take up a political career it was shown that over a twen-
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ty-year period (1959-1979), the number of university administrators at the 
Karolinska Institutet had increased ten times whereas the number of profes-
sors had not even doubled (Biörck, 1980). Moreover, the attitude amongst 
administrators towards the scholars has changed from being subservient to 
obnoxious. Some time ago, I published an essay to highlight the absurd situ-
ation that we as scientists could be bullied by any tin pot small bureaucrat 
with childish demands that managed to create only obstacles to the daily 
running of our work (Engström, 2008). It was hardly surprising that I re-
ceived over one hundred e-mail messages that all supported my notion that 
we ought to drastically cull the administrative force, but not a single person 
sprung to the bureaucrats’ defence. 

Regarding the issue of organisation of the scientific community, it may 
not be as straightforward as it seems. Let us assume that evolution has pro-
duced a very special (scientifically educated) individual whom we can call 
Homo investigans. He or she can be distinguished from Homo vulgaris by 
virtue of creating good and original ideas. In a study carried out in 1966 
(Engström, 1966), top quality science papers were checked for the age of the 
scientists who conducted the experiments. It was found that the curve “idea 
versus age” had a maximum between 20 and 35, and then it declines with 
age. The rate of slowdown however, showed individual variations; a scientist 
with a fast slowdown certainly has to alter course if he or she wishes to re-
main in the field of science. A common solution is to take on an administra-
tive appointment; conveniently, the “administration versus age” curve is 
shown to peak at the age of 50, with a decline thereafter. Finally, there is the 
third option of taking part in academic and other intrigues aimed at accumu-
lating power; even more conveniently the “intrigue versus age” curve nor-
mally peaks five years before retirement. Now fifty years later, the scenario 
has changed. Today the vast majority of science administrators are no longer 
scientists. This has proven to be the easiest way for a person who lacks orig-
inality to gain power (alas, a fundamental biological instinct) by “organis-
ing” and “checking up” on others. Great ambitions coupled with the charac-
teristics of an intellectual pickpocket are the twin, archetypical attitudes of 
the modern non-scientific administrator. Today’s research grants are accom-
panied by huge overheads, and in some cases the overhead even exceeds the 
grant. So it is often felt that administrators exploit the originality of the sci-
entific mind to rake in as much money as possible. This type of administra-
tor, who has crept into all fields of human interrelationships, has been la-
belled Homo arachnoidus, a suitable denomination of an abominable phe-
nomenon (Engström, 1966).  

3.6.4. Commercialisation and Stupidity 
It cannot escape one’s attention that the openness of the scientific communi-
ty has long gone. When I first arrived in Oxford in the early 1980s, the head 
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of the Group, who had just been made FRS at the age of 39, complained 
openly about the publication hysteria. The proper thing to do, he said, was to 
present your results to anyone prepared to listen either at teatime or in the 
college senior common room. There were of course the “Conversaziones” at 
the Royal Society where brilliant minds could comfortably exchange ideas 
and results. Nowadays, it is rare to visit a laboratory without first having to 
sign a confidentiality agreement. The famous openness that was the hallmark 
of the academic world has now long gone, and the top priority for every 
graduate student seems to be to get his or her name on a patent application 
before considering writing up a paper. Even though very few patents will 
make the inventors rich, scientific cannibalism has become an endemic phe-
nomenon, and there is no question that this is harmful to scientific progress. I 
have always found that the sharpest brains, on the whole, are the ones most 
likely to share their results with colleagues, before the agents of greed have 
done their level best by different legal means, to restrict the spread of new 
information. 

But if intellectual insulation on commercial grounds is an irritant, I cannot 
help wondering if by changing the human phenotype, by introducing the 
Internet and mobile phone, we have created a Pandora’s Box which has be-
come a serious threat to scientific excellence. No doubt, computer technolo-
gy has enabled us to perform research that otherwise had been virtually im-
possible, and gene sequencing is one prominent example, analysis of motifs 
in the search for homologies, another. It is the everyday addiction to com-
puter usage, however, that worries me. The modus operandi of the graduate 
student today is to spend long hours in front of the computer screen and 
short intervals at the laboratory bench. Science has become so streamlined 
that new results are thought to be only a few mouse clicks away.  

The overriding question then is: Are we creating a better or a more lim-
ited type of scientist? Is the Internet, quite simply, making us more stupid? 
After years of uncritical praise of the computer, critical voices are at last 
beginning to be heard. While Google’s greedy entrepreneurs state their ob-
jective “to organize the world’s information and make it universally accessi-
ble and useful” (Google, 2011) one of the prime intellectual duellists, Nicho-
las Carr, has argued that Google is, “quite literally, in the business of distrac-
tion” (Carr, 2010a, p. 157). After all, the more links you click on, the more 
money the company makes. 

However in times of great change, questions have always been asked. Pla-
to recalls an anecdote about the Egyptian God Thoth who invented writing 
and presented it to the King of Egypt as “an elixir of memory and wisdom”. 
The king however is scared and rejects the gift with the words (Hackforth, 
1952, p. 99): 

This invention will induce forgetfulness in the souls of those who have 
learned it, because they will not exercise their memories, being able to rely 
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on what is written […] rather than from within their own unaided powers to 
call things to mind. So it is not a remedy for memory, but for reminding, that 
you have discovered. And as for wisdom, you are equipping your pupils with 
only a semblance of it, not with truth. 

But writing was invented, and so was printing by Gutenberg in the 15th cen-
tury. Why then do we fear that the Internet poses a threat to the human 
mind? Two recently published books (Bauerlein, 2007 and Carr, 2010a) 
present a rather scary outlook. The suspicion that Internet addiction alters 
our brain function in a deleterious fashion is gaining ground.  

Nicholas Carr was sounding the alarm in a recent article (Carr, 2010b) 
where he referred to a study from the 1990s where it was shown − as men-
tioned briefly in Chapter Two by Professor Martin Kemp − that London cab 
drivers had a hippocampus area larger than the average citizen. This area 
plays a crucial role in keeping track of where we are and where we go. As 
London cabbies developed mental maps of the capital’s complex road net-
work, their hippocampi expanded. And as a consequence their navigational 
qualities improved. The scientist who conducted this study has recently sug-
gested that the use of GPS may help make everyday life easier, but will re-
sult in a shrinking hippocampus.  

Just like the cabbies we may be fated to experience a dwindling in the size 
and functionality of the part of the hippocampus devoted to representing 
space. As that happens, we’ll begin to lose touch with the physical world that 
surrounds us. And in turn, we’ll become even more dependent on our com-
puters to shepherd us around. In addition to stockpiling mental maps, the hip-
pocampus plays an essential role in creating and storing memories. Some 
studies have found that a shrinking hippocampus is a risk factor for Alz-
heimer’s disease. (Carr, 2010b, p. 12).  

His fears are shared by Veronique Bohbot, Professor of Psychiatry at McGill 
University whose research profile is on the connection between hippocam-
pus size and navigational skills (cf. e.g. Bohbot et al., 2007). She has argued 
that society is geared in many ways toward shrinking the hippocampus and 
that dementia in the next 20 years is going to occur earlier and earlier.  

If loss of navigational skills by switching to GPS is one way of deteriorat-
ing brain function, the effects of direct Internet addiction may have more 
profound effects. Constant access to computers and the massive text messag-
ing on cell phones makes us read more than ever before. But, nota bene, it is 
a quite different form of reading. Maryanne Wolf, Professor of Developmen-
tal Psychology at Tufts University, has expressed worries that texts on the 
Internet put “efficiency” and “immediacy” above everything else (Wolf 
2007). One of her key conclusions is that we are not only what we read. We 
are how we read. Printed paperwork in the form of books or manuscripts 
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makes long and complex works of prose commonplace and requires a deeper 
form of reading. 

The addiction to sound bites and short messages on the computer screen 
has invariably had consequences. The one vital capability a scientist, scholar 
or otherwise intellectual needs is that of being able to concentrate on solving 
a given problem, and to be able to be effective in this, to disconnect from 
external disturbances. How is this possible when we are expected to be con-
stantly on line so that our attention is scattered and our concentration dif-
fused? How many of us do still retain our ability to spend a full day reading 
a book and in making the rich mental connections that appear when we read 
deeply and without distraction? Nicholas Carr (2010b) has expressed the 
concern clearly and eloquently: 

The kind of deep reading that a sequence of printed pages promotes is valua-
ble not just for the knowledge we acquire from the author’s words but for the 
intellectual vibrations those words set off within our own minds. In the quiet 
spaces opened up by the sustained undisrupted reading of a book or by any 
other act of contemplation, for that matter, we make our own associations, 
draw our own inferences and analogies, foster our own ideas. Deep reading 
[…] is indistinguishable from deep thinking. If we lose those quiet spaces 
and fill them up with “content” we will sacrifice something important not on-
ly in ourselves but in our culture. As we are drained of our inner repertory of 
dense cultural inheritance we risk turning into “pancake people” spread wide 
and thin as we connect with that vast network of information accessed by the 
mere touch of the button. 
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Chapter Four  
Scholars in the Knowledge Society 

Roger Balian, Paris16 

The subject that I have been asked to talk about is wide, since the society of 
knowledge has undergone deep and numerous changes during the last centu-
ry. I intend here to briefly review these changes. They raise questions which 
deserve discussion, and my hope is to stimulate interesting exchanges of 
ideas within this audience. However, my views are necessarily biased, and 
this for two reasons. My experience is that of a physicist, and scientists with 
other backgrounds may disagree with some of my statements. Moreover, I 
have worked mainly in France, and although the world of knowledge does 
not know borders, problems may arise differently from one country to an-
other. These two specificities should be a starting point for comparisons. 

4.1. Scholars, Science and Research 
At least in French, the word “scholar”, translated as “érudit” or “savant”, has 
become somewhat obsolete. We prefer to speak of “scientists” (scien-
tifiques) or “researchers” (chercheurs). This very change of vocabulary 
clearly reflects the complete transformation that took place in the activity of 
scholars, in their acquirements and in their social status. Whereas a “scholar” 
possesses knowledge, a “scientist” focuses on science only, while a “re-
searcher” believes he still has much to learn from Nature. Indeed, scholars 
have been recurrently concerned in the past with an impending achievement 
of science; among many others, Poincaré wrote around 1900 that little re-
mained to be elucidated in physics – he did mention one exception, however, 
the black body puzzle which soon led to quantum physics. Nowadays we 
permanently acknowledge new open problems, in spite of the revolutions 
that took place in science during the last century. 
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4.2. Knowledge: Specialization or Convergences?  
This extraordinary development is not slowing down: New branches of 
knowledge keep blooming, such as nano-sciences or cognitive sciences. 
Researchers thus tend to specialize more and more. As a consequence, 
knowledge is deepened, but in narrower and narrower fields, with the risk of 
an atomization of science.  

However, at the same time, bridges are established between some disci-
plines that looked distant. Within physics, both statistical mechanics and 
elementary particle physics have considerably progressed owing to mathe-
matical techniques elaborated astride them; likewise, the new field of astro-
particles connects the extremely large scale of cosmology with the smallest 
distances that we can reach. Sciences that were regarded as completely dif-
ferent also benefit from cross-fertilization: Some physicists have participated 
in the birth of molecular biology; some others were awarded a Fields Medal 
for mathematical achievements. Modern neurosciences involve many foreign 
topics, from computer science to nuclear magnetic resonance, from biochem-
istry to mathematics. Such fruitful convergences have led in the recent years 
to the creation of several multidisciplinary institutes, which gather mathema-
ticians, physicists, chemists and biologists.  

4.3. Scholarship, a Collective Activity 
In fact, except for some mathematicians, scholars no longer work in isolation 
but in laboratories, and scientific activities have become collective. This 
feature, which is needed for multidisciplinary research and to avoid overspe-
cialisation, also has another reason. It has become more and more difficult 
for individuals to grasp even their own science, and daily discussions bring 
in stimulation and progress. Indeed, full understanding often requires merg-
ing complementary approaches; for instance one may combine an analysis of 
the elementary elements and of their interactions with a study of the global 
structure and with the effects of the environment. To this aim, collaboration 
is precious between people who have different ways of thinking or different 
backgrounds, and who have developed a common language. The most ex-
treme case is that of particle physics. Even if we put aside the construction of 
the accelerator and of the detectors, each experiment performed at CERN 
requires several years of preparation and involves a huge number of teams, 
so that the articles presenting a discovery are currently signed by several 
hundreds of contributors in alphabetic order. A question then arises: How 
can a young physicist get international recognition in such circumstances? 
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4.4. Research versus Teaching 
Experimental particle physics is an example of a field in which full-time 
research is required. Scholars in the past were usually both researchers and 
professors. Presently, especially in France, a majority of scientists work in 
institutions devoted to research only, such as CNRS or CEA; few of them 
teach, and usually they give only advanced specialized courses. In parallel, 
professors in universities are overwhelmed not only with teaching but with 
heavy administrative tasks, and sabbatical years do not afford them sufficient 
time for research. This situation is prejudicial to the transmission of 
knowledge between generations. It has led, for instance, to a nearly complete 
disappearance of nuclear physics courses at French universities, a paradoxi-
cal feature in the country of the Curie family. 

4.5. Knowledge Has a Cost  
The elaboration of knowledge calls for more and more financial support 
from the society. The number of scholars has considerably increased: It is 
often said that, among the scientists active since the beginning of mankind, a 
majority are still alive. Most of them live on wages paid by governments or 
by various institutions. To their appointments is added the ever-increasing 
cost of the equipment needed for most research. For some specific disci-
plines, progress requires large instruments such as accelerators, telescopes, 
satellites or oceanographic ships, but most sciences also rely on extremely 
sophisticated and costly equipment as well as on high performance comput-
ers.  

As a consequence, an ever-rising part of the activity of scientists must be 
subtracted from research and be devoted to financial matters. Twenty-five 
years ago, as head of my laboratory, I spent a limited amount of time on 
administrative tasks, because we depended on a single institution. Presently, 
my successor has to deal with many sources of funding, each of which in-
volving a specific procedure; the greater flexibility thus afforded is paid for 
by heavy administrative work. A physicist’s position therefore had to be 
sacrificed to hire an assistant manager, although our laboratory gathers about 
50 theoreticians who do not need experimental equipment. 

4.6. International Cooperation 
The increasing cost of research had another consequence – the birth of many 
international organizations. Knowledge has always been regarded as a world 
patrimony, and scholars never knew borders. Their common language, for-
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merly Greek, then successively Latin, French and German, is now (broken) 
English and (for theoretical physicists) mathematics.  

The absence of borders in science is illustrated by the permanence of rela-
tions between Sweden and France. In this city, it is appropriate to recall that 
Carl von Linné, who settled as professor at the Uppsala University in 1740, 
also worked in Germany, Holland, England and France, and was elected by 
our French Académie des sciences as correspondent in 1738 and as associate 
member in 1762. This academy also keeps records about Berzelius, Ång-
ström, Arrhenius and more recent Swedish members. Another token exhibit-
ed in Paris is the table on which Nobel signed the act creating his prize.  

Nowadays, international cooperation still takes place at an individual lev-
el, but also within multinational organizations, such as, on our continent, 
Euratom, the European Southern Observatory, the European Space Agency, 
the European Molecular Biology Laboratory. CERN attracts more and more 
particle physicists from all over the world. The search for possible new 
sources of nuclear energy has led to the creation of the Generation IV Inter-
national Forum, which studies future fission reactors, and to the ITER pro-
ject, devoted to the construction of an experimental fusion reactor. Remark-
ably, this is one of the rare fields in which the whole of mankind is undertak-
ing cooperative work.  

4.7. Communication 
Knowledge is an international patrimony which requires circulation of ideas. 
Till one century ago, scholars communicated by exchanging letters through-
out the world. Radical changes have recently taken place. Exchanges are 
now instantaneous owing to the use of e-mails, and this possibility influ-
ences the research itself. For instance, a colleague in Holland, another one in 
Armenia, and myself in France have been working in collaboration for a few 
years through the Internet.  

The system of publications has also been shaken by the electronic revolu-
tion. Scientific journals on paper are progressively replaced by electronic 
journals that we read on our screens. This tendency is likely to accelerate, 
and the future is rather uncertain. Many problems arise as a counterpart to 
the rapidity of publication. The number of articles has exploded, first in 
journals then on the Net – and too much information may kill information. 
Ideas which are not yet fully worked out are too easily published; the filter-
ing by referees is getting less and less efficient, so that we are overwhelmed 
with superficial or even non-validated literature.  

Consultation of reviews in a library stimulates our imagination: it leads us 
to browse at random among the literature and to discover new ideas. Elec-
tronic procedures are more efficient for searching the articles that deal with a 
given topic, but they enhance the danger of overspecialisation. 
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Knowledge is transmitted to future generations through publications. The 
lifetime of paper reaches centuries, but is the permanence of our electronic 
archives warranted, given the continual evolution of the software and the 
hardware?  

Finally, the electronic tools of publication have led many institutions to 
blindly evaluate the quality of research through bibliometric indices, with the 
appearance of objectivity. Although it is normal to account for publications 
when judging either individuals or laboratories, the automatic use of such 
indices without reading the articles is pernicious. They are subject to several 
sources of bias, intentional or not; moreover this practice is an incentive to 
multiply the number of publications and to submit incomplete work. 

4.8. How Does the Society Regard Knowledge and 
Scholars?  
A scholar was formerly a respected person, supposed to possess wisdom, and 
knowledge was recognized as the main source of progress. The present situa-
tion, especially in Europe, is paradoxical. No one would like to have lived as 
in the previous centuries. However, many people do not realize how much 
the development of knowledge has contributed to improving health, to in-
creasing the length of life or to raising the standard of living and the comfort. 
Teen-agers are hardly conscious that their parents did not know about home 
computers or cell phones at their age.  

We therefore listen to two contradictory speeches from the political parties 
and from the media, followed by a large part of the population. On the one 
hand, research is expected to provide solutions to major problems such as 
those of energy or of food supplies; scholars know, however, that the laws of 
Nature limit our possibilities of action, but they are not heeded. On the other 
hand, people disregard the benefits of applications of science and tend to focus 
on their dangers. Physics is thus associated with Chernobyl, chemistry with 
pollution, biology with uncontrolled genetic modifications. Scholars are sus-
pected to be responsible for nuisances and experts are distrusted, their opinions 
suspected of being biased by scientific interest. We even acknowledge mythi-
cal fears: many newspapers recently publicized the apocalyptic threat of a 
production of black holes by the new particle collider at CERN.  

Such attitudes are harmful to the progress of knowledge. They influence 
the youth: the proportion of teen-agers who wish to become scientists or 
engineers is declining in our countries. Unreasonable fears also lead to irre-
sponsible actions. In France, the Institut National de Recherche Agrono-
mique tries to grow some genetically modified plants either to test their 
harmfulness or to study production of drugs, but even these fields are sys-
tematically destroyed by activists. 
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4.9. Popularisation of Knowledge, a Duty for Scholars 
Among the reasons for disaffection with science lies a lack of understanding 
of both its contents and its nature. Scientific knowledge is rarely regarded as 
part of culture. When interviewed, a physicist would be ashamed to say that 
he has no feeling for art or literature, whereas we have often heard writers 
boast about their complete ignorance of science. Significantly, the scientific 
page in the journal Le Monde is not a part of the section “culture”, but of the 
section “deciphering” (“décryptages”), together with pages of testimonies, 
debates and controversies. In fact, the media are more interested in contro-
versies among scientists than by the progress of knowledge. 

In fact, modern science has taught us that knowledge is neither perfect nor 
ultimate, and that it progresses through discussions. Our most fundamental 
theory of physics, quantum mechanics, provides only probabilities. By ac-
knowledging that scientific statements are not absolute truths, the layman 
often questions the value of science. However, the scientific doubt on which 
we rely does not mean scepticism. The existence of uncertainties does not 
impede science, although imperfect, from being the sole access to 
knowledge and to rational action. Our assertions are valid within some prob-
ability which increases with the advances of research. Uncertainties become 
weaker and weaker, scientific knowledge progresses and can be trusted more 
and more. 

We ought therefore to participate in the popularisation of science in order 
to ensure that people comprehend this status of science. Making science 
attractive to young people, communicating them our enthusiasm, can guide 
their career choices. Moreover it is crucial to transmit widely the meaning of 
the scientific approach. Nothing serious canbe decided in the field of energy 
policy, for instance, without a scientific kind of reasoning, where the pros 
and cons of each possible choice are weighed, and where comparisons are 
made quantitatively. This type of popularisation should help the citizens and 
the decision makers to better grasp problems of society, to abandon preju-
dices and to make the most of the achievements of science. 
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4.10. Comments by Anders Malmberg17 
Professor Balian provides a broad and elegant overview of some major 
changes and challenges that scholarly work is presently facing. While 
Balian’s viewpoint is that of a physicist, I believe most of his findings and 
suggestions ring true also to practitioners of other fields of science, including 
the social sciences, as in my case. 

I will concentrate this brief comment on three issues, touched upon to-
wards the end of Roger Balian’s paper: 
 

a. The proliferation of a new logic scholarly work, often referred to as 
a shift from Mode 1 to Mode 2 research. 

b. Whether the emergence of strategic science policy should be seen as 
an opportunity or a threat.  

c. The overall standing of academia in today’s society (and in the eyes 
of the general public). 

It is not surprising that scholars and universities – as traditional carriers of 
scientific research and higher education – have become increasingly ex-
pected to contribute to growth and development in the knowledge society.  

Today, academia is expected to come up with solutions to global prob-
lems facing humanity as well as to contribute to national competitiveness 
and economic growth. Global challenges may relate to energy supply, envi-
ronmental sustainability, health, food shortage and lack of development gen-
erally. In the national arena, public spending on scientific research is ex-
pected to yield technological innovations that will form the basis for robust 
growth, new jobs and economic prosperity. 

Universities contribute to these ends in two main ways: by providing so-
ciety with knowledgeable workers through education, and by producing re-
search results that can be turned into patents, products and services – either 
though spin-offs from academia or through university-industry knowledge 
transfer. 

4.10.1. New Logics of Scholarly Work 
Focusing here mainly on research, the new role ascribed for scholars and 
universities in the knowledge society has been described in latter decades as 
a shift from so-called Mode 1 to Mode 2 research (Gibbons et al., 1994, 
Nowotny, Scott and Gibbons, 2001). Earlier, in Mode 1, science was seen to 
be relatively autonomous and more basic or pure than it was applied. Mode 1 
Science “spoke to society” and influenced it through the effects of 
knowledge, and products, that it generated. In contrast Mode 2 science is 
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“harnessed to the needs of society” and is geared towards solving societal 
problems. The one-way influence of science on society has been replaced by 
continuous dialogue.  

It should be noted that the transition is not a clear-cut shift from one mode 
of operation to another. Most writers, including the originators Helga 
Nowotny, Michael Gibbons and Peter Scott, acknowledge the continued co-
existence of both, and it has been pointed out that Mode 2 is in fact not an 
entirely new stage.  

4.10.2. Emerging Strategic Research Policy: Opportunity or 
Threat? 
In terms of concrete science or research policy, one can identify some rela-
tively clear trends recently, in Sweden as well as the OECD area generally 
(cf. Power and Malmberg, 2007). We have thus seen efforts to: 

• Enhance the quality of academic research by concentrating re-
sources to the most able scholars. 

• Create specialised and strong research milieus by allocating long-
term funding to a limited number of Centres of Excellence, select-
ed in (national or sometimes cross-national) competition. 

• Link the notion of excellence in research to the potential for tech-
nological innovation and commercialisation. 

• Develop a more strategic science and research policy, meaning 
that the political system – rather than the collegial system made up 
by the scholars themselves – defines to which specific fields re-
search funding should be allocated. 

What are the pros and cons of these developments? 
Most scholars accept the idea that the ultimate goal of scientific progress 

is, for want of a better term, to contribute to a better world. And were it not 
for such a promise, taxpayers’ willingness to invest in universities in general 
and research in particular would presumably be much lower. So the question 
is not whether scientific research should be useful, but rather how it should 
be organized in order to maximise this utility in the long term. 

Advocates of the so-called linear model used to argue that if you invest 
public money in basic research, its findings will gradually make their way 
down the line through applied research to product development and eventu-
ally new products for the market (Godin, 2006). We know now, not least 
from research in fields like science studies and business studies, that this is 
not how it normally works. There is broad agreement regarding the finding 
that the relation between scientific research, product innovation and industri-
al commercialization is not linear.  
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In contrast, the process is interactive and iterative. It can start anywhere 
along the line and move back and forth in both directions (Edquist, 2005). 
This also means that the process is fairly unpredictable: we cannot easily say 
where an investment in a particular type of research today might lead us 
tomorrow. It is difficult even to say ex post through which paths a certain 
successful scientific discovery emerged. 

This finding can be combined with another insight gained in research on 
how innovations take place in real-world industrial systems. A strong finding 
here is that the customer is often a key partner of an innovating firm. The 
Royal Swedish Power Board (Vattenfall) had an enormous impact on the 
technological innovations that were introduced by ASEA during the 20th 
century (Fridlund, 1999). Telecom Sweden (then Televerket) played a simi-
lar role for Ericsson, as did demands from Pentagon for the development of 
the US electronics and ICT industry. 

Sophisticated demand or, if you like, competent customers who can pre-
sent challenging problems can thus be key drivers of the production of new 
knowledge (cf. Porter, 1990). In that sense, there could hypothetically be a 
case for a strategic research policy. The key question then, of course, is 
whether Swedish or European politicians, for example, have the required 
skills to act as sophisticated customers. The latest Swedish Research and 
Innovation Bill (Regeringens proposition 2008/09:50) – where some 25 
quite specific research fields were pre-selected to be strategically important 
and where substantial financial resources were allocated to those fields – 
raises some doubt on this point. 

4.10.3. The Public Standing of Academia 
Finally, a few words on the standing of academia in the eyes of the general 
public. Professor Balian claims that the man and woman on the street are 
increasingly sceptical about whether science can be trusted. This stands in 
contrast with results from Swedish opinion polls throughout the years. How-
ever, recent data suggest that Balian is nevertheless at least partly right. Ac-
ademia seems to be somewhat less trusted than it used to be in Sweden as 
well. The share of Swedish respondents who claim that they trust that uni-
versities are doing a proper job is down from 70-75 per cent in the 1990s to 
around 65 per cent today. Still, universities compare favourably with other 
broad groups of societal institutions (Table 4.1). 
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Table 4.1. Trust in Various Swedish Institutions 

Type of Institution Medium or High Degree of Trust (Per Cent) 

Universities 

Bank of Sweden 

Government 

Radio/TV 

Swedish Parliament 

Church of Sweden 

Banks 

Trade Unions 

Large Companies 

Press in General 

EU Commission 

Political Parties 

64 

64 

56 

47 

41 

40 

33 

31 

28 

27 

26 

22 

16 

Source: MedieAkademins förtroendebarometer 2009 (MedieAkademin, 2009). Re-
sponses to the question: “How much do you trust that these institutions do a proper 
job?” 

There are no data in the study referred to here on the standing of individual 
universities or scholarly institutions. Had there been specific questions about 
the trustworthiness Uppsala University or indeed the Royal Swedish Society 
of Sciences at Uppsala, I am sure we would have seen much higher figures! 

For some of the other groups of institutions, however, there are specific 
data on individual firms and organisations. With these included “Universi-
ties” as a group drop to fourth place, behind the public service companies 
Swedish Radio (first place) and Swedish TV (third place). In between, in 
second place, is another institutional pillar stone of the Swedish society: the 
furniture company IKEA. All three are trusted by well over 70 per cent of 
the Swedes. The EU Commission, in contrast, is on par with the Coca Cola 
Company, with a mere 22 per cent of the respondents trusting that they do a 
proper job. I leave it open here whether this says more about the EU Com-
mission, the Coca Cola Company or indeed Swedes in general. 
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Chapter Five 
Scholars in the Audit Society:  

Understanding our Contemporary Iron Cage 

Marie-Laure Djelic, ESSEC Business School18 

Universities are changing (Göransson and Brundenius, 2010). On the one 
hand, universities are blamed for having all kinds of purported weaknesses 
and failures. On the other hand, universities are identified and projected as 
the solution to many problems and challenges in our contemporary world. 
Universities are decried as self-centred, slow and conservative, ensconced in 
theory and abstract thinking, closed and elitist. They are called upon to be-
come agile and open, to target the world and to propose concrete answers to 
mundane problems. Scholars are supposed to be the kingpin of this profound 
institutional revolution. But scholars themselves are at a turning point as 
they experience, and de facto actualize, a consequential change in identity. 

Over the last thirty years or so, universities have been reinvented as mar-
ket actors. From “organized anarchies”, they are steered along towards be-
coming organized and managerial hierarchies. In the meantime, politics of 
accountability break open the “ivory tower”. Scholars have been left to dis-
cover a completely new world and to experience in concrete ways the “audit 
society”. The objective in this paper is to explore and assess this identity 
transformation, while underscoring the intricate interplay between this indi-
vidual and collective identity transformation and the institutional revolution 
that is redefining the higher education landscape across the world.  

The paper starts by tracing and typifying the historical evolution of the 
university as an institution from its medieval origins to the contemporary 
“market university” (Berman, 2012). The second section of the paper then 
connects the more recent stages of this evolution to the broad societal trends 
associated with the progress of neoliberalism since the late 1970s. It shows, 
in particular, how the “audit society” emerges in that context. The third sec-
tion describes in broad strokes how this profound institutional transfor-
mation, in the university and its environment, reflects in consequential ways 
upon the scholar and her activities. In concluding, the paper draws the rela-
                               
18 E-mail: djelic@essec.edu. 
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tively grim picture of a rapidly hardening “iron cage” and asks where we 
might be going from there. 

5.1. Universities – Changing Role and Mission 
Universities are key institutional pillars of our contemporary knowledge 
society. On the one hand, they are old institutions – the first universities in 
the western world antedate the construction of the nation state. On the other 
hand, even a rapid exploration of the history of the university since the Mid-
dle Ages shows a profoundly fluid institution. The university, as an institu-
tion, has evolved and has been reinvented several times throughout that peri-
od in highly significant ways.  

5.1.1. Universitas – The Changing Masks of a Resilient 
Institution 
The term universitas was initially a medieval legal concept used to refer to 
the corporation. Medieval jurists defined the corporation/universitas as being 
both at the same time a collective abstraction (and hence a legal persona) 
and the sum or reunion of its individual members (Canning, 1996, pp. 172-
173). This corporation doctrine was initially applied to the Church, to guilds, 
to cities but also to the university in the “narrow” sense of the term (Ekelund 
et al., 1996; Greif, Milgrom and Weingast, 1994; Canning, 1996). In the 
latter case, the term initially designated only the scholastic guild – the corpo-
ration/universitas of students and masters. From the 14th century on, it came 
to refer to the institution as a whole (Rüegg, 1992). The University of Bolo-
gna is the oldest teaching institution in Europe to have been formally recog-
nized as a universitas, somewhere around 1088. Paris, Oxford, Modena, 
Salamanca and others followed in close succession. 

At the risk of simplifying, we can identify three main periods or regimes 
in the evolution of the university as an institution ever since. First, the “Me-
dieval regime” extends well into the Renaissance and early modern period, 
more or less until the serious beginnings of state building in Europe. Then 
comes what we could call the “Westphalian regime” when the university 
became tightly connected to the expansive process of state and nation build-
ing, first in Europe and then in other parts of the world. The third regime is 
still very much under construction. We label it here “Postmodern” for lack of 
a better world, and it corresponds to a phase of transnational expansion and 
projection. Table 5.1 contrasts those three different and successive regimes. 
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Table 5.1. University Regimes 

Regime Medieval  
University 

Westphalian  
University 

Postmodern  
University 

Period 11th to 17th  
centuries 

18th to mid 20th  
centuries 

Mid, late 20th  
century forward 

Reach Translocal National Transnational 

Each of those regimes is in turn associated with different understandings of 
the roles and missions of the university as an institution. In fact, we use five 
tag lines to suggest those different missions. In Table 5.2, we show how 
those different tag lines or missions articulate with the three broad regimes 
identified above. 
 

Table 5.2. Roles and Missions of the University 

Regime Role and Mission 
 

Medieval  
University 

Serving 
God and Church 

Serving 
Science 

Westphalian  
University 

Serving 
Science 
Serving 

State and Nation 

Postmodern  
University 

Serving 
Society and Humanity 

Serving 
The Market 

 
The arrows in Table 5.2 show the points of continuity between two proxi-
mate regimes. Naturally, the move to a new regime does not necessarily 
mean that a pre-existing role or mission will completely disappear. It could 
endure and still be mobilized at times, but in all likelihood in a more margin-
al manner. Even though it is possible to argue that there is a real continuity 
between the different regimes, it is also striking to see how profoundly the 
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university as an institution has been redefined – from serving God at its ori-
gins to serving the Market today.  

5.1.2. Serving God and the Church 
The early medieval European university served God and the Church. Origi-
nally, most European universities were “ecclesiastical corporations; institut-
ed for the education of churchmen [...] founded by the authority of the pope” 
(Smith 1776, Book V, pp. 350-351). By the mid 13th century, around half of 
the highest offices in the Catholic Church across Europe were held by clerics 
who had completed a university education. The functional role that medieval 
universities played for the Church certainly explains why the latter granted 
them protection and privileges. A number of papal bulls issued in the 13th 
century established the independence of the university in Europe and its right 
to self-governance. Another set of papal bulls confirmed the transferability 
of licenses to teach, which meant that masters were part in fact of a broad, 
pan-European studium generale – an intellectual community that knew of no 
geographical borders. Masters could teach anywhere in European universi-
ties without further examinations, and in fact the universitas as a whole 
could – and in a number of circumstances did – move around. The use of a 
single common language, Latin, obviously was an important facilitator of 
such mobility (Ridder-Symoens, 1992). 

Independence and self-governance played out in relation to the secular 
environment (in particular city authorities). As students and scholars were in 
principle not subject to secular law, tensions could easily emerge between 
universities and local communities. Conflicts could even lead to the disper-
sion of the universitas – as when the University of Paris went on strike and 
was de facto dissolved in 1229 for a period of two years or as when a group 
of Oxford scholars moved in 1209 to the city of Cambridge, where they ul-
timately created a new universitas. Independence and self-governance also 
played out, in fact, in relation to local church authorities. The parens scien-
tiarum papal bull, issued in 1231, was a model of its type in this respect and 
clearly established the self-governing powers of the University of Paris 
(McKeon, 1964). Following this bull, the power to bestow the license to 
teach was completely vested in the corporation of masters – and the Chan-
cellor of Notre-Dame de Paris could not go against their decisions. This was 
very much the same for decisions concerning the content or organization of 
teaching (Leff, 1968).  

5.1.3. Serving Science 
While theology was the core discipline in early medieval universities, the 
rediscovery of ancient texts soon generated an interest in natural philosophy. 
The 12th century in Europe has aptly been described as the early Renaissance 
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(Haskins, 1927). Universities played a key material role in the re-discovery, 
translation and dissemination of important Greek and Arabic works in math-
ematics, logic and natural philosophy (Benson, Constable and Lanham, 
1982). In the process, science and the scientific pursuit entered the university 
(Grant, 1984; Huff, 2003). Initially, logic, reason and scientific inquiry were 
justified as working in the support of faith and religion. Soon, however, ten-
sions emerged, and the fear was palpable at times that the progress of sci-
ence could threaten the theological mission of the university (Hannam, 
2011). In the centuries that followed, science detached itself step-by-step 
from its initial theological cradle, and the Reformation was an accelerator in 
that respect (Merton, 1964, Greenfeld, 1987). By the end of the medieval 
regime, the scientific pursuit was becoming the core mission of the Universi-
ty (Hannam, 2011). 

5.1.4. Serving State and Nation 
The focus on science as an intellectual pursuit in itself and for itself would 
combine in time with the old tradition of independence to produce the arche-
type of the modern university – the Humboldtian University. Wilhelm von 
Humboldt, a Prussian scientist, civil servant and Minister of Education 
called for a university that would foster research and the pursuit of science 
and knowledge (beyond teaching) in the context of strict independence:  

[It should be] a special feature of the higher scientific establishments that 
they treated science as a problem that is never completely solved and there-
fore engaged in constant research (Humboldt, 1903b, p. 251, translated from 
German in Hohendorf, 1993). 

According to Humboldt, independence was also important for education:  

[It] will be good to the extent that it suffers no outside intervention; it will be 
all the more effective, the greater the latitude left to the diligence of the 
teachers and the emulation of their pupils (Humboldt, 1903a, p. 146, translat-
ed from German in Hohendorf, 1993). 

Humboldt had in view a higher “civilizing” role for the university that 
should foster the cultural construction and development of the individual 
(Bildung). He was, in that respect, personally wary of the possible interfer-
ence of the state. The civilizing agenda, though, could easily combine with a 
nationalistic or nation building project. And in most cases, this is what hap-
pened. The Westphalian university, characteristic of the late 19th and early 
20th centuries, placed a Humboldtian structure in the service of each nation 
(in construction or consolidation). In reality, most contemporary universities 
did not exist before 1850. They were created and expanded dramatically in 
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that period and context as important tools for a broader state- and nation-
building project (Franck and Meyer, 2007). We could find many diverse 
illustrations of this but it was particularly well expressed in the words of the 
President of the Republic of Ghana, in the early 1960s: 

The whole future of Ghana depends to a very considerable extent on the suc-
cess of our program for higher education and research […] We should set our 
eyes resolutely upon the main task, which is to produce a University which 
will serve the needs of national unity, will make practical and concrete con-
tributions to the development of Ghana and the well-being of this country 
[…] and yet which will have a worldwide academic reputation (Nkrumah, 
1961). 

5.1.5. Serving Society and Humanity 
The increasing density of transnational interconnections in the post Second 
World War period and the multiplication of organizations with an interna-
tional reach and clear preoccupation for culture and education (the United 
Nations or UNESCO, for example) have progressively triggered an inflexion 
in the definition of this mission. The postmodern university is (arguably) 
reconnecting with its early trans-local roots by reinventing itself as a transna-
tional institution. In that context, the service to state and nation is increasing-
ly being displaced and replaced by a broader service to society and humani-
ty. According to the Council of Europe, in 1996, universities should be “sites 
of citizenship”. The Association of African Universities coined in the late 
1990s the concept of “developmental universities” that makes this important 
inflexion quite clear:  

A general formulation of the mission of a university in Africa today would 
certainly contain the prime responsibility to provide men and women ade-
quately trained to contribute to the development of the nation and of the 
community surrounding it. It would state that the University should also con-
tribute to the enhancement of the knowledge about the resources of the coun-
try, to protecting the environment and to bringing about long-term and sus-
tainable human-centered development policies. [...] It should contribute to the 
respect for human rights and promote social justice, equity and democratic 
values, as well as the rights of women, children, minorities and disadvan-
taged groups. It should contribute for peace, stability and harmony in the 
community, country, region and world-widely (Matos, 1999). 

5.1.6. Serving the Market 
The philosophy behind the Humboldian University had been that a focus on 
science and research and a priority given to the development (Bildung) of 
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individual human beings were two sides of the same coin. Those two dimen-
sions together would define the mission of the university. Quoting John Stu-
art Mill, “men are men before they are lawyers, physicians or merchants […] 
The University is not a place of professional education” (Mill, 1931/1867, 
pp. 133-134.). However, once the university had become an important tool 
of development – whether of a nation, a society or the human community as 
a whole – this strong principled position could not hold anymore. The “ivory 
tower” was under siege. It existed within a world (and not in isolation from 
it) and the pressure was on for the “ivory tower” to serve that world. Over 
the last thirty years or so, that world has changed to a significant extent. The 
neoliberal revolution has reinvented development as “progress of the market 
economy” (Campbell and Pedersen, 2001). This suggests that the ivory tow-
er “stands in a market place whose concerns it must share and whose inter-
ests it must foster” (Halls, 1985, p. 267). The tendency is quite clear, and it 
is a transnational one. In Europe, the university will play a key role in 
achieving the strategic goal set at the Lisbon European Council, i.e. to make 
the European Union (EU) the most competitive and dynamic knowledge-
based economy in the world (EU 2003). 

In the United Kingdom, “universities exist to enable the British economy 
and society to deal with the challenges posed by the increasingly rapid pro-
cess of global change” (Clarke, 2003). In the United States, the sustained 
capacity of the country to “transform knowledge into economic value” is 
seen to hinge on the system of higher education and its ability to 

Remain the world’s leader in generating scientific and technological break-
throughs and in preparing workers to meet the evolving demand for skilled 
labor (Greenspan, 2000). 

All throughout Asia, urgent calls to open the “Ivory tower” to business and 
the market economy are also being heard (Hershberg, Nabeshima and Yusuf, 
2007). 

5.1.7. How This Impacts the Role of Scholars 
As the mission of the university was often and quite profoundly reinvented 
during this long period, the role and projected identity of the scholar was 
also bound to evolve in parallel. The early medieval scholar was a priest 
(granted an intellectual one) and the later medieval scholar was already a 
Humboldtian scientist. The scholar in Westphalian universities was also a 
scientist but she had to be an expert or even a policy-maker as well. In the 
Postmodern university, the scholar should sometimes be an activist serving 
the cause of humanity or of an “imagined” transnational society. More often, 
she should also be an entrepreneur and a manager at the service of the mar-
ket economy and its urgent needs.  
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Figure 5.1. The Role of Scholars in a Changing University 

This categorization, naturally, is simply an analytical typology underscoring 
the correspondence between the different missions of the university and the 
associated roles those missions would/should imply for scholars. Real schol-
ars are generally much more complex than that and are not easily reduced to 
simple and uni-dimensional labels and categories.  

5.2. Neoliberalism and the Audit Society 
The latest transformation of the mission of the university – towards Serving 
the Market – pertains to a broader trend. The powerful wave of neoliberalism 
that has reached across many shores has not stopped at the doors of the “ivo-
ry tower” (Campbell and Pedersen, 2001; Dezalay and Garth, 2002; Four-
cade-Gourinchas and Babb, 2002; Djelic, 2006). Since the late 1970s, the 
progress of neoliberalism has fostered a “culture of markets” – where mar-
kets are understood to be of superior efficiency for the allocation of most if 
not all goods and resources, whether material or symbolic. Neoliberalism has 
also come together with a profound reinvention of the state and its role. It 
has generally implied privatization, liberalization and the move to a more 
hands-off “regulatory state” (Levi-Faur and Jordana, 2005). The public sec-
tor as a whole has had to adapt to powerful pressures of marketization and 
managerialization, packaged within the label and tools of a policy reform 
program that soon had worldwide impact – New Public Management (Hood 
et al., 1999).  

In contrast to what is often believed, neoliberalism has not fostered de-
regulation but rather a consequential process of re-regulation. Control mech-
anisms have often changed in nature but, if anything, the overall burden of 
control has only increased. We have entered, to use the words of Michael 
Power, an “Audit Society” (Power, 1997). Audit, Power tells us, is “a partic-
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ular manner of (re)presenting administrative problems and their solutions, 
one that is becoming universal” (Power, 1994, p. 299). Initially associated 
with the control of financial accounts, audit has now become a broad tech-
nology of control that applies across many different spheres and fields of 
activity. Audit is “becoming a constitutive principle of social organization to 
such an extent that we can talk of an audit society” (Power, 1994, p. 299). 
This particular and expansive technology of control has unmistakable affini-
ties with the New Public Management revolution. Audit is a powerful “vehi-
cle for the dissemination of distinctly “managerial” values and ideas to all 
spheres of formerly professional autonomy” (Power, 2008, p. 18). The Audit 
Society comes together with a discourse on accountability and transparency. 
It suggests external scrutiny naturally but it is also dependent upon an ever 
thicker and denser web of internal mechanisms of self-control. Finally it 
implies that measuring and quantitative metrics become the basis of evalua-
tion everywhere. This concretely means that activities should become or 
should be made “auditable”, measurable through certain quite specific tools. 
Ultimately, “what is counted” usually becomes “what counts” (Miller, 2001, 
p. 382). We can easily forget, in the process, that in reality “not everything 
that counts can be counted and not everything that can be counted counts” as 
Einstein liked to remind his students through a visible post hanging in his 
Princeton office.  

The university has not been able to withstand this powerful wave. In fact, 
quite to the contrary, it has been deeply impacted by it. Firstly, competition 
has become a reality for most universities and the many tactics deployed in 
that context differ little from those characteristic of private capitalism 
(Slaughter and Rhoades, 2004). Universities are competing for money and 
resources. Public funding is stagnating at best and universities are under 
strong pressure to search for complementary sources of funding in what is 
generally a highly competitive context. Universities are also increasingly 
competing for students and faculty on “markets” that tend to cross over local 
or national boundaries. They are, finally, competing for legitimacy and sym-
bolic reputation or rewards. Symbolic reputation is an important resource in 
itself but also, more indirectly, as it conditions access to and the securing of 
other competitive resources such as students, faculty or funding.  

Secondly, management has imposed itself as a technology that should rein 
in all aspects of university life. Most classic management tools and the more 
fleeting managerial fads and fashions are spreading across the world to many 
universities. Universities produce strategic plans and mission statements. 
They have introduced quality management, management by objective, bal-
anced scorecard and the use of key performance indicators (Head, 2011). 
Universities have worked on their governance, they have reshaped many of 
their processes to embed them in sophisticated IT systems, they have created 
marketing departments and closely monitor their “brand(s)”, they have often 
launched fundraising campaigns and they have generally developed commu-
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nication strategies in close association. The density of administrative hierar-
chies has increased significantly more or less everywhere. Universities are 
becoming more and more “organized” and less and less “anarchies” (Cohen, 
March and Olsen, 1972). Not only do universities exhibit organizational 
features; the organizational model they follow is that of the private manage-
rial firm. A management training diploma is often the sesame today to a 
career in university administration. Universities across the world are calling 
upon various consulting firms to help them become “proper” and “efficient” 
organizations (McKinsey, 2011). At the same time, students are increasingly 
being redefined as “consumers” (Tlili and Wright, 2005). In many situations, 
an expansive management directly confronts the collective responsibility and 
traditional autonomy of the professional community. More often than not, 
management tends to win in this confrontation (Brenneis, Shore and Wright, 
2005, Schuster and Finkelstein, 2006).  

Thirdly, the “ivory tower” will not be left alone anymore. The old medie-
val (partial) reality and Humboldtian dream of an independent university is 
long gone and increasingly becoming unacceptable. As the university has 
been reinvented as a major tool at the service of the nation, society, humani-
ty or the market, it has become enmeshed in dense “politics of accountabil-
ity” (Brenneis, Shore and Wright, 2005). Excellence, relevance, efficiency, 
impact, responsibility, quality insurance, transparency, triple helix, 
knowledge society are so many terms that justify in different ways the open-
ing up of the black box of university life to a scrutinizing gaze (Readings, 
1996). Within university life as elsewhere, these politics of accountability 
take the form of “coercive commensurability” (Shore and Wright, 2000). 
These politics of accountability reveal the “compulsion to reduce complex 
social activities to simple numerical scores or ratings so that these, in turn, 
can be monitored, assessed, displayed and competitively ranked” (Brenneis, 
Shore and Wright, 2005, p. 3). Politics of accountability take the very con-
crete form, in higher education, of evaluation and audit processes, accredita-
tion labels, rankings − the Shanghai ranking being the most (in)famous but 
far from the only one − open boards and transparent governance mecha-
nisms, annual reports and strategies of communication, progress reports and 
accounts, strategic planning and definition of mission, excellence initiatives, 
identification of learning goals and research priorities.  

5.3. The Audit Society and Its Impact on Scholars  
While neoliberalism and the progress everywhere of an audit society are 
clearly transforming the university as an institution, they are also reflecting 
upon the scholar and her activities in very concrete ways. As a general trend, 
the scholar is becoming increasingly accountable and to ever greater num-
bers of stakeholders. Naturally, the scholar as a scientist has long been ac-
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countable to her community of peers for the quality, the relevance and the 
ethical acceptability of her work. She remains accountable to this communi-
ty, which has a tendency everywhere today to become transnational, but the 
nature of the “politics of accountability” in that context is changing fast. 
Accountability increasingly takes the form of “coercive commensurability” 
and translates into a multiplication of quantitative performance metrics. At 
the same time, the accountability of the scholar is expanding well beyond the 
boundaries of her community of peers. A scholar has become accountable 
today not only to her peers but also to her university department and admin-
istration, to students and their families, to research councils and other fun-
ders, to regional, national or international evaluation bodies, to the media 
and even to civil society.  

Scholars have become permanent “auditees”, embedded in complex “in-
stitutionalized chains of accountability” (Power, 2007) that link science to 
administration, politics and society. Everything scholars do becomes or 
should become identifiable, measurable, auditable and it should allow for 
easy comparison. We see a multiplication of measurement tools that make it 
possible to assess pedagogical performance or research output – quantity, 
quality at least as defined quantitatively, and even now relevance and im-
pact. Measurement tools are also being used to control the contribution of 
scholars to academic administration and management but also to socio-
economic development broadly defined. These politics of accountability are 
extremely concrete, and they have a consequential impact on scholars and 
their careers. “Metrics do matter” indeed (Nature, 2010). As Figure 5.2 
shows very clearly, metrics matter for hiring and tenure decisions, for salary 
and promotion, but also sometimes for the allocation of research resources.  

Metrics, we should add, also matter for legitimacy and visibility within 
but also outside communities of scholars, with here again a concrete impact 
on access to different kinds of rewards and resources. The “profusion of 
measures” that comes together with such coercive commensuration leaves 
many scholars dubious (Van Noorden, 2010). About two thirds of the 150 
respondents consulted by Nature expressed a strong or medium dissatisfac-
tion with this evolution (Nature, 2010). Power (2003, pp. 199-200) points to 
the roots of this perplexity: 

The auditee has more filing cabinets now than she did a few years ago; she 
knows the past was far from being a golden age but despairs of the iron cage 
of auditing; she knows public accountability and stakeholder dialogue are 
good things but wonders why, after all her years of training, she is not trusted 
as an expert anymore. 
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Figure 5.2. Metrics Perceptions amongst Scholars 

Source: Results from an online poll organized by the Nature – 150 respondents 
(Nature, 2010, p. 860). Reprinted by permission from Macmillan Publishers Ltd. 

While this evolution has been and remains a source of perplexity for many, 
scholars nevertheless readily acknowledge that it is having a profound im-
pact on themselves, on their activities but also on their identities (Nature, 
2010). Let us explore here the nature of this impact – differentiating in 
somewhat schematic ways between the “good”, the “bad” and the “ugly”.  

5.3.1. The Good 
Certainly, one of the most visible and direct consequences of these transfor-
mations has been that, individually as well as collectively, scholars publish 
more. Looking only at journal-based publications, we can estimate that the 
sheer number of published units has increased tenfold over the last ten years 
(von Noorden, 2010, p. 866). This does not necessarily mean that scholars 
write or produce more (this would be more difficult to measure). It could 
simply mean that that which is being produced ends up in a published format 
more often than before. Interestingly, while tenure often used to represent a 
symbolic threshold in the career of a scholar, with a significant decrease in 
published output, this has clearly changed. Senior scholars remain highly 
active in the publishing game, even after they have secured tenure. The dis-
cussions around a possible weakening if not disappearance of the tenure 
practice would suggest that this pattern is not likely to be reversed any time 
soon. Scholars, in summary, publish more, more regularly and for a longer 
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period of time in their active life. This could be seen on the whole as a wel-
come trend where individual scholars are stimulated to become more pro-
ductive.  

Another consequence of those developments is the relative homogeniza-
tion and transparency of career management systems (Nature, 2011; van 
Noorden, 2011). The criteria for evaluation and promotion are becoming 
surprisingly similar across universities but also across nations, and the key 
features of career management processes are made explicit and transparent 
more or less everywhere. The secrecy and club-like atmosphere of former 
times is being de-legitimized. This can be seen as a positive evolution on the 
whole that should in principle have a meritocratic influence (Jolly, 2005).  

Increasing homogeneity and transparency in evaluation criteria and pro-
cesses has an additional consequence. It is likely to render more fluid the 
market for scholars, and this potentially at a worldwide level. Scholars can 
be compared. What they do, as revealed through the different metrics that 
are being used, can be understood across regional and national systems. At 
least for those who are on the “high achievers” end, this is likely to create 
more opportunities. As most market systems, though, this is also likely to 
come together with increasing inequalities. Localized career paths are bound 
to become all the more precarious and lacklustre as a small global elite tends 
to reap an increasing share of resources (DiGiacomo, 2005). 

Finally, contemporary politics of accountability in higher education are 
likely to impose on individual scholars an increasing preoccupation for the 
relevance and external impact of research and publication. The ivory tower 
opens up, and scholars, individually, also have to worry about a broader 
understanding of what is the audience for their work. The spread of 
knowledge to more constituencies, which this implies, can be seen as a posi-
tive development. A knowledge that diffuses is a knowledge that will have a 
broader and wider impact. The Bildung project can reach out well beyond 
the walls of the “ivory tower”. 

5.3.2. The Bad  
As suggested above, the pressure not only to do research and produce written 
work but even more to publish is clearly on. The mantra of the modern 
scholar is “publish or perish”. While increased quantities of published output 
might be a sign of increasing productivity, we should naturally never forget 
that there is an important intervening variable here – the quality of the work 
published. The injunction to publish might in effect lead scholars to trade 
quality for quantity in certain (if not all!) circumstances. The “publish or 
perish” mantra could also foster a short-term logic, where projects that need 
longer-term investment on the part of an individual scholar in fact become 
dangerous from a career perspective and are postponed or even abandoned 
altogether as a consequence (Nature, 2010).  
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Particularly as they relate to research output, the metrics that are imposing 
themselves today articulate with a clear hierarchy of publishing outlets. 
Journals are ranked in most disciplines and those rankings are stable on the 
whole. Surprisingly, they also tend to have a transnational reach. Elite cate-
gories, in each discipline, are quite small – which means that publishing in a 
journal that belongs to such an elite category is highly competitive and be-
comes all the more so as metrics and rankings homogenize across the world. 
This highly skewed and competitive context means that most of the power 
lies with the journals and the editorial teams. There are on-going debates on 
the effectiveness and value of the double-blind peer review mechanism that 
characterizes those journals (Starbuck, 2003, 2005; Jong-a-Pin and de Haan, 
2008). This highly structured process, in any event, functioning as it does 
with a relatively narrow community of reviewers and a powerful editorial 
team, has a tendency to be rather conservative (Reardon, 2008). Top-ranking 
journals generally have a clear editorial identity, which they work hard to 
nurture and sustain. This means that a prudential logic will be quite wide-
spread. Top-ranking journals will publish highly formatted research and they 
will be less receptive to bold and original ideas. For individual scholars, as a 
consequence, strategies of intellectual exploitation will have a tendency to be 
more rational than strategies of intellectual exploration (March, 1991).  

As research metrics and evaluation criteria are becoming homogeneous 
across the world, so is the definition of “good quality”, “valuable” research. 
A profound consequence of the evolution we describe here, and mostly a 
negative one, is the progressive reduction of intellectual diversity within the 
scientific world. This is true not only because, as we argued above, intellec-
tual exploitation is often more successful in securing access to high-value 
journals than intellectual exploration. It is also true because only articles in a 
very small pool of journals are deemed to be of value and high quality in this 
system. Most other intellectual products, whether published or not, are sys-
tematically undervalued according to dominant metrics – when they do not 
disappear altogether. What cannot be counted, measured, compared, with the 
dominant tools simply does not exist anymore. Books, book chapters, policy 
reports, textbooks, popularization pieces and newspaper articles have much 
less weight in, if they do not disappear altogether from, career management 
processes. The reduction of intellectual diversity, finally, is also shaped 
through the uncontested hegemony of a single language in scientific produc-
tion – English. All things equal, those intellectual products that are published 
in languages other than English are much less likely to thrive or even survive 
(Engwall, 1998, Paasi, 2005).  

Interestingly, we can see the deleterious effects of such a process already 
in the ancient history of the university as an institution. When Latin had 
completely taken over as the unique language of scholarship, in early medie-
val Europe, most scholars stopped reading and writing other languages than 
Latin. Those intellectual contributions that had not been translated in Latin 
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were, as a consequence, purely and simply forgotten, and for many years. It 
would take a long time and many resources and efforts for some of those 
texts to be revived – amongst them powerful contributions by the greatest 
Greek thinkers such as Euclid, Ptolemy, Archimedes or Aristotle. This pro-
cess took place during the 12th century Renaissance (Haskins, 1927, Benson, 
Constable and Lanham, 1992). We know, with hindsight, that the knowledge 
thus revived was instrumental to the flourishing of science and scientific 
inquiry that followed (Hannam, 2011). The disappearance of those texts for 
decades and centuries could explain, may be, on the other hand, slower intel-
lectual progress in early medieval Europe. We should remember that lesson 
from our own history. And modern means of communication and intellectual 
storage will not be enough to prevent the drastic reduction of intellectual 
diversity that is one of the consequences today of the global audit society for 
the scholarly and scientific world.  

5.3.3. ... And the Ugly 
The contemporary transformation of the University and its associated poli-
tics of accountability generate significant pressure for scholars. This pressure 
can have a positive impact as well as a more negative one. There is also in-
creasing evidence that this pressure can foster toxic games, and situations, in 
that context, can easily derail. Individual performance, as measured through 
various quantitative metrics, is the key to promotion, remuneration, re-
sources and even academic legitimacy and power. Hence, the stakes are high 
for individual scholars. Seventy-one percent of respondents in the poll run 
by the journal Nature were concerned that “the metrics can be skewed by 
people if they know that their performance will be evaluated on metrics 
alone”. Those scholars worried that “their colleagues could “game” or 
“cheat” the systems for evaluation in their institutions” (Nature, 2010, p. 
861).  

There are different ways in which those dangerous and toxic games are 
played. First, there are many games being played around citations (Kapeller, 
2010). As the reputation of journals depends strongly on journal impact fac-
tors and as those impact factors depend directly upon citation counts, jour-
nals tend to extend the pressure downwards to potential contributors. To 
increase their chances of being published in a given journal, authors will be 
well advised to include in their work references to papers previously pub-
lished in that journal – even if those might not be the most relevant from a 
substantive perspective. Individual scholars will also be thinking about try-
ing to improve their own citation counts or h-factor. Citation “markets” or 
“clubs” hence could emerge more or less explicitly with give-and-take 
logics. A scholar might also use her reviewer role as an indirect means of 
improving her personal metrics. In the words of a respondent consulted by 
the journal Nature (2010, p. 861): 
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I am more likely to accept an article for review if I want to verify that it is cit-
ing a paper of mine that is near the cusp of being counted for my h-factor. 

Second, self-plagiarism is likely to be an issue. When the pressure is on to 
“publish or perish” scholars will rationally exploit as much as possible a 
given project, producing in the process many different published units. Each 
of those units may be only marginally original relative to the others. Authors 
face the incentive to split their contributions in as many articles as possible 
in order to maximize their impact-factor capital subject to the “least publish-
able unit” in a particular discipline (Kapeller, 2010, p. 1378). 

Thirdly, we might see an increased “exploitation” of PhD students and 
junior scholars. Senior scholars could “trade” their name, reputation and 
publishing experience against new publication opportunities. This “exploita-
tion” might in fact be rational on both sides, as PhD students or junior schol-
ars could be willing to “trade” property rights on their work against a greater 
chance to enter the publication and citation game. A rational consequence of 
this will be that the number of publications with multiple authors will in-
crease significantly. Here again, this might reflect more “market”-like dy-
namics than a real evolution in the nature of scientific production.  

5.4. Concluding Remarks – Where Do We Go From 
There?  
The old university of yesteryear is no more. During the medieval period, the 
university fought for its independence and became, in the process, a power-
ful institutional stronghold. Then, the Humboldtian dream suggested a dedi-
cation to research, pure science and knowledge and seized upon the enlight-
enment project to target the development of the individual (Bildung) as a 
complete human being. Whether this dream was ever a reality is debatable as 
the formalization of a Humboldian university developed in parallel to the 
“nationalization” of the university as an institution. In the process, the legit-
imacy of the university came to be re-invented. It was not to be found within 
itself or even in pure science anymore but in the service it rendered to other 
institutions “external” to itself – the state, the nation, society, and in the 
more recent period humanity or the market.  

As universities are understood today to be serving our new postmodern 
Gods – humanity and the market economy – they have become porous and 
subject to regular and intense scrutiny. The nature of the tools and mecha-
nisms through which scrutiny is exercised is well known. Like most other 
sectors of our societies, Universities have become powerfully embedded in 
an expansive “audit society” (Power, 1997). The tools and mechanisms de-
ployed to ensure a broad accountability of universities and scholars have 
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been derived and adapted from the toolbox of business management and, 
more specifically even, financial accounting. Those tools and mechanisms 
are hardening at rapid speed in our academic world and turning into a con-
straining “iron-cage” (Weber, 1930). In a strange twist of logic, this process 
appears to be turning means into ends. The enforced commensuration, often 
of a quantitative nature, progressively seems to become an end in itself. Uni-
versities are transforming themselves, sometimes in profound ways, in order 
to be better positioned on rankings or to fulfil the criteria of accrediting bod-
ies. Scholars are changing the way they work, often quite consequentially, in 
order to maximize their own “performance” as defined through the new met-
rics.  

This is a peculiar situation. In a well-known joke, a drunken man looks 
for his keys at night under a lamppost. Even though that is not where he lost 
them, he chose to look there because that is where the light was. The aca-
demic world of today is a bit like the drunken man of the joke. Our evalua-
tion toolbox is the light. Why do we measure what we measure? Because 
this is indeed what we should measure or else simply because this is what we 
can measure with the toolbox at our disposal? Our iron cage is self-
reinforcing. It becomes more constraining every day but also less and less 
comfortable and, some would even argue, increasingly meaningless. The 
academic world is defined by increasingly precise and powerful systems of 
incentives. And those incentives have become ends in themselves rather than 
means. In fact, do we still know, agree upon the “ends” – the mission of the 
university, the role of the scholar? It is a bit as if we really do not remember 
where we have lost the keys. In that context, looking under the lamppost is 
in reality as rational as you can get.  

Starting from there, there really are two possible paths. We could go on 
becoming more and more sophisticated in our search under the lamppost. 
The persistent scrutiny could certainly, in itself, reduce our anxieties even 
though this form of collective activism would become less and less meaning-
ful through time. An alternative would be to actively launch a political de-
bate on the academic world, its mission and role. Let us first remember and 
articulate where we lost our keys. Then, we can construct the adequate tools 
to look for them in the right place. Arguably, such a debate on the mission of 
the university and the role of the scholar is overdue. We argue here that the 
academic world should take the lead, while naturally such a debate is bound 
to reach well beyond. It would make sense to start the debate in Europe for 
at least two reasons. Firstly, the university as an institution was born in Eu-
rope. Secondly, Europe is the only transnational construction with enough 
structuring power and authority to pursue such a high-stake political debate 
and move it forward. Concretely, we propose that an interesting configura-
tion to start such a debate would be through the launch of a collaborative 
work process between the EUA (European University Association) and 
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ALLEA (the European Federation of National Academies of Science and 
Humanities).  

5.5. Comments by Kerstin Sahlin19 
Marie-Laure Djelic describes how universities of today are influenced and 
shaped by the audit society. The changes entailed have consequences for 
individual scholars and for the way in which research is being evaluated and 
performed. The effects of those changes in regulation, evaluation, standardi-
zation and resource allocation go beyond that of individual activities, also 
altering the entire logic, roles and missions of universities.  

When Michael Power first wrote about the audit society in the mid 1990s 
(Power, 1994, 1997) many of us who study organizational and institutional 
changes found in this concept a new tool for understanding the dramatic 
proliferation and impact of accounting, auditing and evaluation measures in 
corporations, and in health care other parts of the public sector. We used the 
conceptual tool as a lens to understand our objects of study, but it was only 
later that we had to deal with this audit society as scholars and as university 
employees. Universities were latecomers to the audit society, but once this 
trend reached the university world, it appears to have done so with consider-
able strength. In this comment on Marie-Laure Djelic’s interesting and rich 
paper I want to reflect on how we as scholars and leaders of universities are 
experiencing some of those fundamental changes on a more or less daily 
basis, and I will discuss what possibilities we have to handle this audit socie-
ty and possibly bend or break out of this contemporary iron cage.  

I begin by giving a few illustrations of how the audit society permeates 
and shapes the contemporary Swedish university landscape. I briefly com-
ment upon those many and multifaceted impacts on scholarly work that Ma-
rie-Laure Djelic summarizes as “the good”, “the bad” and “the ugly”. I con-
clude this comment with a call for further actions and further studies as a 
way to meet the challenges of the audit society.  

5.5.1. Illustrations from the Swedish University Landscape 
Many universities and university systems around the globe have recently 
been subjected to extensive organizational and regulatory reforms. A domi-
nant discourse and a trend behind those reform efforts circles around the 
notions of “autonomy and accountability” (see e.g. Stensaker and Harvey, 
2010). 

A couple of decades ago, rankings of universities and academic disci-
plines were seldom talked about and were not at all affecting the daily work 
                               
19 E-mail: Kerstin.Sahlin@fek.uu.se. 
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of most university professors and leaders. At least this was true for European 
universities, although talk about rankings that appeared now and then on the 
American scene sometimes caught the attention of European media report-
ers. During the past decade, however, we have witnessed what appears to be 
an explosion of rankings. This development includes three aspects: (1) the 
number of rankings has multiplied; (2) rankings have spread globally with 
the proliferation of international rankings – and with the global attention also 
of national rankings, and (3) the moving in of rankings into the very heart of 
university governance systems. (Wedlin, Sahlin and Hedmo, 2009) Today, it 
is no exaggeration to say that rankings are clearly of central concern if not to 
every professor at least to every university president, vice chancellor or 
dean. And rankings are used by students for selecting where to study, by 
corporations for selecting where to recruit, by policy-makers for comparison, 
and by university managers to argue distinctiveness. Discussions and criti-
cism of rankings have grown apace with this development. However, most 
discussions on rankings open with the remark that they are here to stay.  

Many universities have also responded by setting up special units with the 
task to follow the rankings, to suggest appropriate management responses 
and to ensure that fair and favourable data is submitted to the rankers. Some 
universities have set a goal to climb the rankings and have developed strate-
gies to get there. Rankings have spurred extensive organizing efforts, and 
they have become integrated in the governing and regulations of universities. 
These developments designed to deal with rankings have not only meant an 
added dimension of the environment to which university leaders have to pay 
attention and deal with; rankings have become an element of the very heart 
of the governing of universities and thus of the management of universities. 

Ranking lists are based in part on bibliometric measurements. Such meas-
urements are used not only in rankings. The Swedish government allocation 
of resources to universities is nowadays partly based on bibliometric meas-
urements. Similar systems of quality-based resource allocation models have 
been introduced throughout Europe. It is actually difficult today to find re-
search assessments, resource allocation models and peer reviews that do not, 
at least in some way, use and refer to bibliometric measurements. 

Rankings and bibliometrics are two of the many assessment technologies 
that have proliferated during the past decades. We can see a more general 
diffusion of evaluations and assessments of individual research performanc-
es, universities, and of various aspects of national systems of higher educa-
tion. Not only have academic performances increasingly become subject to 
new kinds of measurements and assessments; the entire field of higher edu-
cation is, like other sectors of organized society, subject to extensive audit-
ing and evaluation. In Sweden the Swedish National Audit Office (Riksrevi-
sionen), the Swedish National Agency for Higher Education (Högskolever-
ket), individual research councils, and a whole set of national and interna-
tional organizations are scrutinizing and auditing various aspects of 
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universities. One area that has grown dramatically is the assessment of risk – 
from which have followed extensive efforts to create procedures, manage-
ment units and control measures for the management and control of risk (cf. 
Power et al., 2009). As of 2007 there is a regulation demanding that all Swe-
dish public agencies – including universities – perform risk management and 
report on this in their yearly accounts.  

5.5.2. Impacts on Universities, Scholars and Knowledge 
Contemporary university systems are characterized not only by large and 
growing documentation, evaluation, auditing and scrutiny, but operations 
and organizations are increasingly structured in ways that make them “au-
ditable” (Power, 1997; Shore and Wright, 2000). For an individual leader, 
these on-going developments result in demands to favorably present and 
represent the university and its operations externally, and to translate the 
university operations into measurable results and evaluation criteria; thus in 
short to manage the university reputation. Marie-Laure Djelic also shows 
how market logic has come to form and reform the university landscape. 
Reputation forms an important currency on this market. Leaders of universi-
ties have responded by building and expanding strategic communication 
units (Engwall, 2008). 

When analysing the rise of audit society, Power and others (see Power, 
1997, 2003, Hood et al.1999 and Moran, 2002) propose that the expanded 
monitoring and auditing activities are associated with a decline in trust. Au-
diting and monitoring reveal things and make them transparent. Rather than 
building trust, though, transparency may in fact undermine it further, leading 
to still more demands for auditing and monitoring (Power, 1997; 2003). 
Hence, an additional important task for university leaders in the audit society 
is to seek to build and maintain trust in higher education and research and in 
the organizational set-ups in which these activities are being performed.  

Taken together, the audit society has meant that universities have built 
elaborated formal organizations, with an expanded administrative structure. 
The impact of audit society not only affects the way in which universities are 
organized and managed. We also see clear effects on how research is being 
performed, and in the long run possibly on what knowledge is being devel-
oped and diffused. I shall not repeat all those multifaceted impacts on schol-
arly work that Marie-Laure Djelic discusses under the headings “The good”, 
“The bad” and “The ugly”. Let me just again stress what far-reaching and 
fundamental changes all those current governance technologies of the audit 
society may have for scholarly work, for knowledge and for the identity, role 
and mission of universities. These current and future developments certainly 
call for actions, reactions and reflections. 
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5.5.3. Two Conclusions – A Need for Action and Reflection 
Marie-Laure Djelic’s paper points to fundamental challenges and possible 
impacts of audit society on scholarly work and on universities. Her interest-
ing analysis invites us to think more strategically about how we, as scholars 
and as leaders of universities, can meet the challenges of the audit society. 
This topic is of such importance that it could fill several papers and books. 
Here I can only point to a couple of urgent issues.  

Much discussion and analysis has pointed to how simplified, generalized 
and limited the measurements of rankings, bibliometrics, audits and assess-
ments are. This means that university leaders, scholars and reviewers should 
not apply these measures as their own success criteria. Instead, the prolifera-
tion of such simplified measures also calls for the importance of developing 
more contextualized and diverse success criteria. Internal and external re-
views – and active seminars – become even more important. Rankings and 
bibliometrics cannot replace careful collegial academic debates and reviews.  

Marie-Laure Djelic writes: “As research metrics and evaluation criteria 
are becoming homogeneous across the world, so is the definition of “good 
quality”, “valuable” research. A profound consequence of the evolution we 
describe here, and mostly a negative one, is the progressive reduction of 
intellectual diversity within the scientific world”. This may mean, as many 
have pointed out, that risky or clearly pathbreaking, original research risks 
being marginalized or de-emphasized as it simply does not fit the usual 
measures. Do we need to take special actions in order to protect and/or sup-
port novel research with a “long term perspective”? 

I noted above that audit society has been shown to be driven by and to 
drive distrust. A main task of university leaders – in the audit society – then 
is to build trust in universities and in university systems, even in the basic 
idea of what universities are and what universities are for. I also noted above 
that the audit society requires that leaders engage in reputation management. 
However, the building of trust goes beyond the individual leader and the 
individual university. To be effective, such reputation management needs a 
base and a context of trust in the need and missions of universities more 
generally in society.  

To manage and to challenge audit society and its impact on higher educa-
tion we need to act, but we also need to learn more about developments. The 
main message I take with me from Marie-Laure Djelic’s paper is the urgent 
need for more research on research and on university systems. Many new 
policy initiatives concerning audits, measurements and resources allocation 
have a very weak knowledge foundation. We certainly do not know all the 
effects of the current changes. Hence, there is an urgent need for solid re-
search on universities and their development and missions; on the back-
ground, development and dynamics of the audit society; and on the impacts 
of the audit society on universities, scholars and knowledge. 



 118 

5.6. References 
Benson, R., Constable, G. and Lanham, C. (eds.), 1982, Renaissance and Renewal in 

the Twelfth Century, Cambridge, MA: Harvard University Press. 
Berman, E., 2012, Creating the Market University: How Academic Science became 

an Economic Engine, Princeton, NJ: Princeton University Press. 
Brenneis, D., Shore, C. and Wright, S., 2005, “Getting the Measure of Academia: 

Universities and the Politics of Accountability”, Anthropology in Action, 12(1), 
pp. 1-10. 

Campbell, J. and Pedersen, O. K. (eds.), 2001, The Rise of Neoliberalism and Insti-
tutional Analysis, Princeton, NJ: Princeton University Press. 

Canning, J., 1996, A History of Medieval Political Thought, London and New York: 
Routledge. 

Clarke, C., 2003, “What the State Should Pay For”, Speech Delivered at University 
College, Worcester, April 8th 2003, Times Higher Education Supplement, May 
16th 2003 (http://www.timeshighereducation.co.uk/story.asp?storyCode=176773 
&sectioncode=26, accessed October 11, 2011).  

Cohen, M., March, J. G. and Olsen, J., 1972, “A Garbage Can Model of Organiza-
tional Choice”, Administrative Science Quarterly, 17(1), pp. 1-25. 

Dezalay, Y. and Garth, B. (eds.), 2002, Global Prescriptions, Ann Arbor, MI: Uni-
versity of Michigan Press. 

DiGiacomo, S., 2005, “Audit Culture and the Politics of Accountability: A Compar-
ative Perspective”, Anthropology in Action, 12(1), pp. 57-63. 

Djelic, M. L., 2006, “Marketization: From Intellectual Agenda to Global Policy 
Making”, in: Djelic, M. L. and Sahlin-Andersson, K. (eds.), Transnational Gov-
ernance, Cambridge: Cambridge University Press, pp. 53-73. 

Ekelund, R. B., Jr., Hébert, R. F., Tollison, R. D., Anderson, G. M., and, Davidson, 
A. B., 1996, Sacred Trust: The Medieval Church as an Economic Firm, New 
York: Oxford University Press.  

Engwall, L., 1998, “Asterix in Disneyland. Management Scholars from France on 
the World Stage”, Organization Studies, 19(5), pp. 863-881. 

Engwall, L., 2008, “Minerva and the Media. Universities Protecting and Promoting 
Themselves”, in Mazza, C., Quattrone, P. and Riccaboni, A. (eds.), European 
Universities in Transition: Issues, Models, and Cases, Cheltenham: Edward El-
gar, pp. 31-48. 

EU, 2003, “Communication from the Commission of 10 January 2003 – Investing 
Efficiently in Education and Training: An Imperative for Europe” (http://eur-
lex.europa.eu/smartapi/cgi/sga_doc?smartapi!celexplus!prod!DocNumber&lg=e
n&type_doc=COMfinal&an_doc=2002&nu_doc=779, accessed on October 11, 
2011). 

Fourcade-Gourinchas, M. and Babb, S. 2002, “The Re-birth of the Liberal Creed: 
Path to Neoliberalism in Four Countries”, American Journal of Sociology, 
108(3), pp. 533-579. 

Franck, D. and Meyer, J., 2007, “University Expansion and the Knowledge Socie-
ty”, Theory and Society, 36(4), pp. 287-311. 

Göransson, B. and Brundenius, C. (eds.), 2010, Universities in Transition: The 
Changing Roles and Challenges for Academic Institutions, Berlin: Springer 
Verlag. 

Grant, E., 1984, “Science in the Medieval University”, in: Kittleson, J. and Transue, 
P. (eds.), Rebirth, Reform and Resilience: Universities in Transition, 1300-1700, 
Columbus, OH: Ohio State University Press, pp. 68-102. 



 

 119 

Greenfeld, L., 1987, “Science and National Greatness in Seventeenth-Century Eng-
land”, Minerva, 25(1-2), pp. 107-122. 

Greenspan, A., 2000, “Structural Change in the New Economy”, Remarks by 
Chairman Alan Greenspan Before the National Governors’ Association, 92nd 
Annual Meeting, State College, Pennsylvania, on July 11, 2000 (see 
http://www.federalreserve.gov/boarddocs/speeches/2000/20000711.htm). 

Greif, A., Milgrom, P. and Weingast, B., 1994, “Coordination, Commitment and 
Enforcement: The Case of the Merchant Guild”, Journal of Political Economy, 
102(4), pp. 745-776.  

Halls, W. D., 1985, “Universities, the Polity and the Market Place”, Oxford Review 
of Education, 11(3), pp. 263-69.  

Hannam, 2011, The Genesis of Science: How the Christian Middle Ages Launched 
the Scientific Revolution, Washington, DC: Regnery. 

Haskins, C. H., 1927, The Renaissance of the Twelfth Century, Cambridge: Cam-
bridge University Press. 

Head, S., 2011, “The Grim Threat to British Universities”, The New York Review of 
Books, January 13, 2011.  

Hershberg, E., K. Nabeshima and S. Yusuf, 2007, “Opening the Ivory Tower to 
Business”, World Development, 35(6), pp. 931-940. 

Hohendorf, G., “Wilhelm von Humboldt 1767-1835”, Prospects, 23(3-4), pp. 665-
676 (see also http://www.ibe.unesco.org/fileadmin/user_upload/archive/publica-
tions/ThinkersPdf/humbolde.pdf). 

Hood, C., Scott, C., James, O, Jones, G. and Travers, T., 1999, Regulation Inside 
Government, Oxford: Oxford University Press.  

Huff, T., 2003, Rise of Early Modern Science, 2nd ed. Cambridge: Cambridge Uni-
versity Press. 

Humboldt, W. von, 1903a, Wilhelm von Humboldts gesammelte Schriften, Band 1, 
Berlin: Behr [The Collected Works of Wilhelm von Humboldt, Volume 1]. 

Humboldt, W. von, 1903b, Wilhelm von Humboldts gesammelte Schriften, Band 10, 
Berlin: Behr [The Collected Works of Wilhelm von Humboldt, Volume 10]. 

Jolly, M., 2005, “Antipodean Audits: Neoliberalism, Illiberal Governments and 
Australian Universities”, Anthropology in Action, 12(1), pp. 31-47. 

Jong-a-Pin, R. and J. de Haan, 2008, “Growth Accelerations and Regime Changes: 
A Correction”, Econ Journal Watch, 5(1), pp. 51-58. 

Kapeller, J., 2010, “Citation Metrics: Serious Drawbacks, Perverse Incentives and 
Strategic Options for Heterodox Economics”, American Journal of Economics 
and Sociology, 69(5), pp. 1376-1408. 

Leff, G., 1968, Paris and Oxford Universities in the Thirteenth and Fourteenth Cen-
turies, New York: Wiley. 

Levi-Faur, D. and Jordana, J. 2005. (eds.) The Rise of Regulatory Capitalism: The 
Global Diffusion of a New Regulatory Order, The Annals of the American 
Academy of Political and Social Science, 598, London: Sage. 

March, J. G., 1991, “Exploration and Exploitation in Organizational Learning”, 
Organization Science, 2(1), pp. 71-87. 

Matos, N., 1999, “North-South Cooperation to Strengthen Universities in Africa”, 
Associations of African Universities Document, Accra-North, Ghana (see 
http://www.aau.org/?q=content/north-south-cooperation-strengthen-universities-
africa, accessed October 11, 2011). 

McKeon, P., 1964, “The Status of the University of Paris as Parens Scientiarum: An 
Episode in the Development of its Autonomy”, Speculum, 39(4), pp. 651-75. 



 120 

McKinsey, 2011, “Social Sector – Education”, accessed on May 2, 2011, (see 
http://www.mckinsey.com/en/Client_Service/Social_Sector/Expertise/Education
.aspx). 

Merton, R. K., 1936, “Puritanism, Pietism and Science”, Sociological Review, 28(1), 
pp. 1-30. 

Mill, J. S., 1931/1867, “Inaugural Address at Saint Andrews 1867”, in: Cavenagh, F. 
A. (ed.), James and John Stuart Mill on Education, Cambridge: Cambridge 
University Press.  

Miller, P., 2001, “Governing by Numbers: Why Calculative Practices Matter”, So-
cial Research, 68(2), pp. 377-396. 

Moran, M. 2002, “Understanding the Regulatory State”, British Journal of Political 
Science, 32(2), pp. 391–413. 

Nature, 2010, “Do Metrics Matter?”, Special Issue Nature, 465 (June 17), pp. 860-
862. 

Nkrumah, K., 1961, “Presidential Address, Interim Council of the University of 
Ghana”, quoted in “Universities and Nation Building in Africa”, Journal of 
Modern African Studies, 1(1), 1963, p. 75. 

Paasi, A., 2005, “Globalization, Academic Capitalism and the Uneven Geographies 
of International Journal Publishing Spaces”, Environment and Planning, 37(5), 
pp. 79-89. 

Power, M., 1994, “The Audit Society”, in: Hopwood, A. and Miller, P. (eds.), Ac-
counting as Social and Institutional Practice, Cambridge: Cambridge University 
Press, pp. 299-316. 

Power, M., 1997, The Audit Society, Oxford: Oxford University Press. 
Power, M., 2003, “Evaluating the Audit Explosion”, Law & Policy, 25(3), pp. 185-

202. 
Power, M., 2008, “Research Evaluation in the Audit Society”, in: Matthies, H. and 

Simon, D. (eds.), Wissenschaft unter Beobachtung: Effekte und Defekte von 
Evaluationen, Sonderdruck, Wiesbaden: VS, Verlag für Sozialwissenschafte, 
pp. 15-24. 

Power, M., Scheytt, T., Soin, K. and Sahlin, K., 2009, “Reputational Risk as a Logic 
of Organizing in Late Modernity”, Organization Studies, 30(2-3), pp. 165-188.  

Readings, B., 1996, The University in Ruins, Cambridge, MA: Harvard University 
Press. 

Reardon, J., 2008, “Barriers to Entry: Heterodox Publishing in Mainstream Jour-
nals”, On the Horizon, 16(4), pp. 185-197. 

Ridder-Symoens, H. de (ed.), 1992, A History of the University in Europe – Volume 
1: Universities in the Middle Ages, Cambridge: Cambridge University Press. 

Rüegg, W., 1992, “Themes”, in: Ridder-Symoens, H. de (ed.), A History of the Uni-
versity in Europe – Vol. 1: Universities in the Middle Ages, Cambridge: Cam-
bridge University Press, pp. 3-34. 

Schuster, J. and M. Finkelstein, 2006, The American Faculty: The Restructuring of 
Academic Work and Careers, Baltimore, MD: Johns Hopkins University Press.  

Shore, C. and Wright, S., 2000, “Coercive Accountability: The Rise of Audit Cul-
ture in Higher Education”, in: Strathern, M. (ed.), Audit Cultures, London: 
Routledge, pp. 57-89. 

Slaughter, S. and Rhoades, G., 2004, Academic Capitalism and the New Economy, 
Baltimore, MD: Johns Hopkins University Press.  

Smith, A., 1776, An Inquiry into the Nature and Causes of the Wealth of Nations, 
Dublin: Whitestone. 

Starbuck, W. H., 2003, “Turning Lemon into Lemonade – Where is the Value of 
Peer Review?”, Journal of Management Inquiry, 12(4), pp. 344-351. 



 

 121 

Starbuck, W. H., 2005, “How Much Better Are the Most Prestigious Journals? The 
Statistics of Academic Publication”, Organization Science, 16(2), pp. 180-200. 

Stensaker, B.and Harvey, L., 2010, Accountability in Higher Education, London: 
Routledge. 

Tlili, A. and Wright, S. 2005, “Learn to Consumer, Teach to Account?”, Anthropol-
ogy in Action, 12(1), pp. 64-77. 

Van Noorden, R., 2010, “A Profusion of Measures”, Nature, Special Issue, 465(June 
17), pp. 864-66. 

Weber, M. 1930[1904-5]. The Protestant Ethic and the Spirit of Capitalism, trans-
lated by T. Parsons, London and New York: Routledge. 

Wedlin, L., Sahlin, K. and Hedmo, T., 2009, “The Ranking Explosion and the For-
mation of a Global Governing Field of Universities”, in: Wedlin, L., Sahlin, K. 
and Grafström, M. (eds.), Exploring the Worlds of Mercury and Minerva. Es-
says for Lars Engwall, Acta Universitatis Upsaliensis. Studia Oeconomiae Ne-
gotiorum 51, pp. 317-334.  

 
 
 
  





 123 

Chapter Six  
Developments in the Life Sciences 

Britt Skogseid, Uppsala University, Sweden20 

In this paper I will focus on a few aspects of the development of Life Sci-
ences that I have witnessed during the 30 years I have been associated with 
the University, realizing that 30 years is but 10% of the lifespan of the socie-
ty. Since I am a medical doctor specialized in internal medicine and endocri-
nology with research focused on endocrine tumour diseases, and have spent 
most of my professional life at the University Hospital, I have some experi-
ence of the challenges, opportunities and obstacles in the world of clinical 
and translational research. Regarding clinical research I adhere to the defini-
tion by Professor Olle Stendahl: “Research that presupposes health care 
structures and resources and that aims to solve a health problem or identify 
factors leading to better health” (SOU 2009:43, p. 26). 

But first, perhaps we should congratulate Life Sciences on its success? 
The population of the developed world nowadays has a longer lifespan com-
pared to just 50 years ago, has very low neonatal mortality, and is healthier 
than ever. We can treat virtually all bacterial infections that used to kill in 
the millions, prolong survival of many cancer patients, prevent and treat 
many of the circulatory diseases, cure childhood leukaemia, feed the popula-
tion, transplant organs, change sex, perform in vitro fertilization, relieve the 
suffering from the psychiatric diseases such as schizophrenia and melanchol-
ic syndromes, etc. (but perhaps we should be happier than we are). It has 
come to the point where the population has started to consider disease unac-
ceptable and almost unnatural. We demand our right to a long healthy life. 

The success with longevity and increased health is of course not due to 
single scientific achievements, but rather the sum of a continuous process of 
hundreds of thousands of studies over decades. However, most important is 
probably the socioeconomic development of the western world, improved 
nutrition, education, and hygiene, etc. But still, great scientific achievements 
have indeed been made, and I will point to just a few of them.  

                               
20 E-mail: britt.skogseid@medsci.uu.se. 
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6.1. The Emergence of Molecular Medicine 
One of the most remarkable efforts has been the on-going development in 
the field of molecular medicine. As early as the 1980s, advanced molecular 
methods were applied to solve clinical questions. The use of gene targeting 
in mice by homologous recombination, so-called knock-out technology, has 
elucidated the roles of numerous genes in embryonic development, adult 
physiology, ageing and disease.  

In the early 1990s this kind of work would render a nice publication and 
would require around 2 years’ full-time work for a devoted PhD student. The 
technique to produce knock-out mice was awarded the Nobel Prize 2007, 
which went to Mario Capecchi, Sir Martin Evans and Oliver Smithies. What 
used to be exclusive research can now be purchased from innumerable life 
science enterprises.  

The concept of translational research became a buzzword. Translational 
refers to research that bridge the gap between the laboratory to clinical trials 
and ultimately patient care. Since the 1990s, also in seminars for clinical 
researchers, we have all had to digest and endure complicated pictures show-
ing results from molecular biology experiments.  

With the new molecular techniques in combination with rapid develop-
ment of IT, the possibility of effectively comparing and compiling data on 
genes and mutations lead to the necessity of controlled databases with open 
access. The US Department of Energy and the National Institutes of Health 
(NIH) coordinated the Human Genome Project (HUGO) that was launched 
in 1990. Thirteen years later they could finally report the identification of all 
25,000 genes and the entire sequence (International Human Genome Se-
quencing Consortium, 2004).  

The high-throughput technology allowing information on mutations in 
every single gene is continuously evolving, and although it is still very ex-
pensive, the cost of decoding genomes is decreasing rapidly. This is only the 
start. We now know the alphabet but we do not understand the language. 
What is the function of all these genes in a more complex context? We can 
predict what proteins the individual genes are coding for, but not why and 
where and when and how much of these proteins should be produced in var-
ious cells at a given moment in a healthy human. And what happens with the 
protein production in cases of disease?  

The genes are transcribed to messenger RNAs that function as templates 
for proteins that are to be produced. Highly sophisticated methods to get a 
fingerprint of all RNAs that at a given time have been transcribed in a cer-
tain tissue became available in the early 2000s. It is called an expression 
array or microarray, a quite expensive technology that requires advanced 
bioinformatics tools. 

In parallel with the human genome project, quite a few groups around the 
world, especially in the field of cancer, have focused on intracellular signal-
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ling to learn how information is processed within the cell. It is important for 
cancer research and for drug development in the future to succeed in map-
ping this maze of intracellular signalling. Here at Uppsala we are fortunate to 
have one of the absolute top researchers in the world focusing on this ex-
ceedingly complicated field, Professor Carl-Henrik Heldin, who has made 
outstanding contributions on the signalling of growth factors like PDGF and 
TGF (cf. e.g. Heldin and Westermark, 1984, Paulsson et al., 1987, and Dijke 
et al., 1994). 

So we have deciphered the genetic code and we are now trying to learn 
how to read the book. We could call it the Post-HUGO era. I would say that 
it is now the real fun begins for a lot of clinical and translational scientists. 
We need to formulate specific questions and hypotheses and design smart 
studies. 

Results from a protein variant of the HUGO project will speed up the 
translational studies most remarkably and improve the impact. This ongoing 
protein project has the goal to produce antibodies for all 20,000 human pro-
teins. The project is called the Human Protein Atlas (www.proteinatlas.org), 
funded by the Knut and Alice Wallenberg Foundation and headed by Profes-
sor Fredrik Pontén at the Department of Genetics and Pathology at Uppsala 
University together with Professor Mattias Uhlén at the Royal Institute of 
Technology in Stockholm. They use these antibodies to analyse how proteins 
are expressed in normal human organs, tissues and cells, as well as in cancer. 
It is a systematic gene-by-gene analysis to generate a catalogue of corre-
sponding protein expression patterns. The database is periodically updated 
on the open access webpage, and they have now covered half of the proteins, 
on schedule.  

6.2. Science for Life 
The rapid expansion of the body of knowledge in molecular medicine, intra-
cellular signalling, protein expression and the large, well-characterized, 
Swedish patient cohorts with corresponding clinical data and blood and tu-
mours saved in biobanks emerge as an golden opportunity for characteriza-
tion of disease related markers. This cannot readily be done everywhere in 
the world.  

Our system with government-driven health care and the registration of all 
Swedes from birth to death is the ultimate prerequisite for such large-scale 
analysis. The numbers of patients needed to be able to find reliable markers 
for diseases require comprehensive computer capacity and advanced statis-
tics and bioinformatics. The latter is available at the Faculty of Science and 
Technology at Uppsala University. In order to make this dream scenario 
come true, we have organized a project called Science for Life Laboratory, 
Campus Uppsala. The start signal was when we managed to “bring in” a big 
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strategic research grant for molecular bioscience from the government, a 
year ago. A corresponding project is organized at the three universities in 
Stockholm, and together we will bear the national responsibility to provide 
top-notch methodology in this field. SciLife consists of three platforms (ge-
nomics, proteomics, and comparative genetics), and has two programs: 1. 
medical biology by means of cancer, cardiovascular diseases, autoimmunity 
and neurodegeneration, and 2. infection, and evolutionary biology by means 
of genome analysis and systems biology. We hope for close collaboration 
with Swedish University of Agricultural Sciences (SLU). Professor Kerstin 
Lindblad-Toh is the director of SciLife Uppsala, and Professor Ulf 
Landegren is the deputy. SciLife has its centre at BMC but collaborators are 
found at the Rudbeck Laboratory, the Evolutionary Biology Centre and the 
SLU Ultuna campus. It is truly a project that spans departments, pre-clinical 
and clinical, faculties, and to other universities across the entire country. 

In order to ensure the success of SciLife and also cancer research, a stra-
tegic area for Uppsala for many years, now formalized in a government-
funded project called U-Can, we need to strengthen the biobanking in Upp-
sala. This is now on-going and involves the county as well.  

6.3. Images of Progress 
Another rapidly developing discipline is the field of imaging. This is also 
very expensive and requires advanced technology. In comparison with the 
earlier examples of achievements in the Life Sciences, the need for advanced 
imaging is easy to explain to politicians, due to its obvious usefulness in 
medicine. We doctors have a constantly increasing need for imaging of our 
patients.  

With respect to imaging, a great deal has happened since Wilhelm Rönt-
gen placed his wife’s hand under the beam and took the very first picture of 
the inside of a human (Figure 6.1). 

I would say that for 100 years the pictures were crude and scarce, and 
doctors had to rely on their hands and general clinical skills. In the late 
1970s we got the computerized tomography scan, which could show slices 
of the body, and incidental so-called en passent diagnoses of tumours in-
creased substantially. Another major breakthrough was the invention of 
magnetic resonance tomography (MRI) during the 1980s, a method that has 
progressively been refined, as shown by MRI scans of a joint (Figure 6.2).  
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Figure 6.1. The First X-ray Picture of a Human Taken by Wilhelm Röntgen in 1895 

Note: The picture shows the hand of Röntgen’s wife, Bertha, with her ring visible. 
See further Picard (1996). 

 
Figure 6.2. A Modern MRI Picture of a Joint 

Note: By courtesy of Professor Håkan Ahlström, Department of Radiology, Oncolo-
gy and Radiation Science, Uppsala University. 

Another new imaging technique, diffusion tensor imaging, seems like pure 
science fiction and can display fiber tracking (Figure 6.3). The MRI can 
detect molecular flows, diffusions down to very low concentrations and re-
fers to random translational motions of molecules, also called Brownian 
motion, that result from thermal energy carried by these molecules. During a 
typical diffusion time of 50 milliseconds, water molecules move in the brain 
on average over a distance of 10 micrometres, bouncing, crossing, or inter-
acting with many tissue components such as cell membranes, fibres, or mac-
romolecules. The overall diffusion reflects, at a statistical basis, the dis-
placement distribution of the water molecules, and thus demonstrates the 
nerve bundles and the direction of the nerve signalling. The computer will 
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paint the fibers that have a molecular diffusion in a certain direction with a 
specific colour. In this case one can see the afferent versus the efferent nerve 
fibres. This has a tremendous impact on brain function studies.  

 
Figure 6.3. Diffusion Tensor Imaging Displaying Tracking of Nerve Fibres in the 
Brain 

Note: By courtesy of Professor Håkan Ahlström, Department of Radiology, Oncolo-
gy and Radiation Science, Uppsala University. 

In parallel to the MRI, another amazing imaging technique has been invent-
ed. Here, Uppsala has played a major role from the very beginning. Profes-
sor Bengt Långström and colleagues were pioneers in tracer development for 
positron emission tomography technique (PET). Again, it is easy to compre-
hend why this is of importance for clinical practice. If you have really skilled 
chemists, you can use virtually any molecule of interest as a tracer and label 
it with radioactivity. The camera will detect the radioactivity and an image is 
created. The most commonly used tracer is FDG, which is basically sugar, 
glucose. Tumours need a lot of sugar due to their high rate of cell division. 
Thus the tracer will concentrate in the tumour, and this concentration will be 
captured by the gamma camera. The University and the county have recently 
taken over the Uppsala PET-centre. The preclinical platform intends to focus 
on tracer development and animal PET, and the method can also be used for 
in vitro experiments with cells and tissue slices.  

6.4. Remarks on the Elusive Crisis of Clinical Research 
in Sweden 
Personally I was fortunate enough to come across an opportunity to start 
pursuing research while still an undergraduate student. At the Department of 
Medicine I met Professor Harry Boström. He was of course also head of the 
clinic. At that time the leadership of the clinics was in the hands of the most 
prominent scientist of that particular clinical discipline. I am pointing this 
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out because being the best scientist is not a quality that is looked for when 
choosing the clinical leaders of today. 

Around Boström and his colleagues, production of science was just as ex-
pected as the professional treatment of the patients. Science was a common 
topic for conversations during coffee breaks. I remember the lively discus-
sions and a vivid seminar culture interwoven in the daily clinical practice. 
The younger doctors had an arena to discuss their thoughts, and curiosity 
was met with tolerance. There was more time for reflection. Today, col-
leagues more frequently discuss economic issues, and science discussions 
are more rare. Research is not really at the top of the agenda. It is something 
that you may attempt to find time for when all other duties are fulfilled, and 
the doctors of this millennium have a lot of duties. The county council took 
over the University Hospital from the central government in 1982. It is obvi-
ous that there is a conflict of interest between the university-driven part of 
the university hospital (research and education) and the county council (re-
sponsible for the health care). As is well known, the economy of all Swedish 
University Hospitals is a major and constant problem. They are probably 
underfinanced by at least 10%.  

Apart from gaining clinical skills, the goal for many young students also 
used to be to train to become a scientist. We wanted to be able to combine 
treating patients with performing research in the laboratory and teaching new 
generations of colleagues. In those days it was a great honour to be allowed a 
position as resident at a university hospital. If your research contributed 
enough, and you became accepted as a colleague among international scien-
tists, it would be regarded as a great success. To be an internationally recog-
nized scientist and doctor was at that time, 30 years ago, definitely the most 
prestigious position a MD could attempt to reach.  

It is still somewhat prestigious but today very few of the young doctors 
have it as their personal goal. The number of research students is still high 
mostly in clinical disciplines, but they are relatively old when they defend 
their thesis, in their early forties. Few pursue a research career after their 
dissertation, and the number of MDs that embark on a preclinical research 
program is very low and decreasing. Why? What happened?  

I have listed various phenomena that have hit the University Hospital hard 
in the last few decades: Quality assurance, HSAN, Lean production, Ac-
countability, Audit, Management, Ranking, Ethical approval, Evidence 
based medicine, Programs for medical care. Students’ rights, PhD students’ 
rights/rules, Health economy, Innovation, Strategic (not necessarily includ-
ing a strategy), Regional politics. 

Professor Olle Stendahl was assigned the complicated task to evaluate 
“The crisis of the clinical research in Sweden”. It was generally believed that 
if he could not succeed, no one could. He presented his evaluation and sug-
gestions a year ago, and they received a unanimous hurray from the medical 
faculties. He especially pointed to the diverging goals for the university and 
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the county council and that leaders of university hospitals must be chosen 
among the researchers. His main suggestions were the following:  

• Strengthen the link between education and research and create 
more positions that combine research and clinical work. 

• Form University Medical Centres (UMCs) integrating education, 
research and health care, under a joint management of local and 
central government.  

• Establish a fund for applied clinical research and clinical trials, 
and form a national cooperative group in order to close the gap be-
tween research findings in health care and to facilitate implemen-
tation. 

• Provide increased infrastructural support to facilitate the use of 
biobanks and health care quality and patient registers. Target new 
investments in translational research environments for rapid 
knowledge transfer. 

Interestingly, although not altogether surprisingly, the government has bare-
ly reacted to the solutions suggested in the report. 

6.5. Concerning Bibliometric Analysis of Clinical 
Research in Sweden. 
Sweden used to be among the medallists of the Olympic Games of the Life 
Sciences. It is frequently suggested that the performance of the Swedish Life 
Sciences is declining, with special reference to the discipline of medicine. 

If we divide medicine into biomedicine and clinical medicine, the picture 
becomes somewhat different. During 2004-2006 biomedicine holds position 
number 8 in the world and is slightly under the mean of the field-normalized 
citation rate (crown index), whereas clinical medicine is positioned number 
6, and above the mean of the world. Ahead of us are the United States, the 
Netherlands, Switzerland, Denmark, and Canada. A striking change in recent 
years is that Denmark has managed to get ahead of us (Figure 6.4). 
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Figure 6.4. The 25 Most Highly Cited Countries in Clinical Medicine during 2004-
2006 According to Field-Normalized Citation Rate  

Source: Clinical Research in Sweden and Finland (2009, Figure 5A). 

Does this mean that we have become less good scientists? No, not necessari-
ly. We used to be almost in splendid solitude together with a few other coun-
tries like the United States and the United Kingdom at the very top of the 
world. However, we still publish the same amount of peer-reviewed papers 
in the same high impact international journals. If one considers the share of 
Swedish clinical medicine papers that belong to the top 10% of the most 
cited papers in the world, Swedish clinical medicine reaches position number 
7. Thus, compared to 15-20 years ago we are not number 2 any longer but 
there are more countries around that compete for the citations and the med-
als. It may be that we are equally good scientists of clinical medicine but 
others are sharing the possible citations. Several countries have instituted 
comprehensive investment programs for the funding and infrastructure of 
Life Science. It is obviously paying off. Until recently Sweden has slowly 
but continuously decreased the funding of universities to subcritical levels. A 
possible interpretation of the bibliometric data is that we are still productive 
but now we have met harder competition. It is my belief that if we are to turn 
the tide and regain our leading position, we need to strengthen resources 
around hypothesis-driven basic science, and be aware of the risk of too 
blindly following the innovation trend in current research politics. 

6.6. Comments by Hans Ellegren21 
The life sciences are a truly dynamic domain of science with an outstanding 
and long-lasting record of progress in knowledge as well as importance to 
society and human welfare. The life sciences have the potential to provide 
the necessary insights and solutions to a sustainable use of natural resources 

                               
21 E-mail: hans.ellegren@ebc.uu.se.  
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and thereby the long-term existence of our species and the co-existence with 
other life forms on Earth. Moreover, the life sciences provide a framework 
for dimensions of human life that do not count in monetary values, in super-
ficial development or even in more essential parameters such as wellbeing 
and even survival; they provide a route towards reflections on existential 
questions such as the origin of life, the beauty of nature and the human mind.  

6.6.1. The Past, Present and Future of Life Sciences in a 
Few Words 
The life sciences or the science of life are obviously concerned with the 
study of living organisms, including microorganisms, plants and animals. 
Traditionally, life sciences have been equated with biology (Magner, 2002), 
i.e., a natural sciences discipline. More recently, biomedical research has 
been increasingly associated with the life sciences, and this is particularly so 
for medical research that adopts molecular biology approaches to understand 
the underlying factors causing disease. In addition, the last few decades have 
seen emerging interdisciplinary fields connecting to the life sciences such as 
bioinformatics, biomaterials, biotechnology, environmental protection and 
several aspects relating to global change. Still, biology remains the centre-
piece of the life sciences. 

The holistic approach 

If we demarcate the rise of modern biology to the acceptance during the 18th 
century of epigenesis, as opposed to preformation, two major lines to the 
study of nature (with epistemological significance) can be recognized since 
then. One school has focused on living organisms as units and sought to 
describe and explain their occurrence in nature. Some very basic subdisci-
plines of biology have developed along this way of study, like systematics, 
evolutionary biology and ecology (Figure 6.5). Prominent steps include the 
Linnaean classification of animals and plants in the 18th century, the Darwin-
ian formulation of evolution by natural selection in the 19th century, the de-
velopment of the Modern Synthesis in the first half of the 20th century and 
the following integration of evolutionary thinking in ecological research 
(such as in behavioural ecology). To varying extent, this way of biological 
research has taken a holistic perspective to the study of nature, perhaps most 
pronounced in branches such as community ecology and systems ecology. 
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Figure 6.5. A Schematic Presentation of Developments in Biology over the Past 
Centuries. 

Note: Upper part represents holistic approaches where individuals are in focus; 
lower part represents reductionistic approaches with decreasingly lower levels of 
organisation being studied. A conclusion made in the text is that holistic and reduc-
tionistic approaches to biology are converging. 

The reductionist approach 

Other biologists have over the last centuries gone the reductionist way by 
adopting the thinking that complex living matters can be understood by re-
ducing them to their parts and the interaction between these parts (Figure 
6.6). Technological advances have implied that this hierarchical way of 
thinking, that biological processes reduce to chemical and physical process-
es, has gradually allowed more and more elaborate and detailed studies of 
life at its most fundamental level. A logic chain of biology subdisciplines has 
emerged from the reductionist approach, including in chronological order 
morphology, physiology and biochemistry (see again Figure 6.5). Subse-
quently, biological reductionism has culminated with the molecular biology 
revolution of more recent decades and this has laid the ground for the con-
temporary “–omics era” of biology in which large-scale analyses of DNA 
and proteins widely impact on the life sciences. 
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Figure 6.6. Conceptual 18th-century Illustration Inspired by the Automaton, the 
Digesting Duck, Constructed by Jacques de Vaucanson and Presented to the 
Académie de Sciences.  

Source: Chapuis and Gélis (1928, vol. II, p. 151). See also Riskin (2003). 

Note: The Duck of Vaucanson was an android with an ability to drink, eat and defe-
cate, as well as to flap its wings. Influences from Descartes’ thinking that the body 
could be reductively understood as a machine do not seem far-fetched. 

Integrative biology? 

Presently, the reductionist and the holistic approach to biology are converg-
ing. For example, the reductionist take has come to a point at which it is 
possible to ask what effects particular DNA or protein variants have on the 
organism (a genotype  phenotype approach). Conversely, evolutionary 
biologists dissecting the genetic basis of trait variation are able to ask which 
gene or protein is responsible for certain traits (a phenotype  genotype 
approach). This meeting or even merger of two schools sets the stage for 
what I believe can be the beginning of a paradigm shift in biology. Broadly 
speaking, 21th-century biology has the potential to allow an integration of 
knowledge about reduced phenomena into systems thinking. I foresee the 
development of what might be referred to as integrative biology in which we 
increasingly will come to understand how the actions of single molecules 
affect biochemical processes, how biochemical processes affect cellular pro-
cesses, how cellular processes affect tissues and organs, and how the latter 
affect individuals and their traits. This will not only require combining holis-
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tic and reductionistic perspectives to biology, it also needs to build on quan-
titative concepts (mathematics) and be connected to physics. 

We have what promises to be a most exiting time in the life sciences in 
front of us. Although one may speculate how biology will come to develop 
on a very broad-scale level (cf. above, correct or not), it seems chancy to 
predict even short-term achievements, let alone the more long-term insights 
to be gained. By the same token, it seems difficult if not impossible to lay 
out the routes leading towards new knowledge. It is therefore now vital to 
follow some basic tenets of the scientific process to nurture the life sciences. 
These include, I argue, prioritization of high-quality research, affirmation of 
pluralism in research, and sufficient faith in and support to those who may 
break new ground. For the remainder of this commentary I will discuss 
alarming tendencies treating these tenets and reflect on current policies in 
science management. 

6.6.2. Life Sciences and the Political Threats 
A common theme in the discussions held at the Tercentenary of the Royal 
Society of Sciences at Uppsala is the current trend of academia increasingly 
being forced to turn from Mode 1 (basic, curiosity-driven) to Mode 2 (of use 
for and developed in dialogue with society) research, driven by political 
demands. Associated with this process are features such as linking of scien-
tific excellence to potential for technical innovations and commercialization, 
involvement of stakeholders in the planning of research and the development 
of research policies and targeted funding to pre-selected “strategic” fields. 
Individual scientists are faced with claims for detailed project management 
including formulating anticipated milestones and deliverables, and academic 
leaders at the highest levels are expected to act as CEOs more than repre-
senting primus inter pares.  

Clearly, the life sciences make no exception to the trend sketched above. 
Research in particular directions of the field are often named “strategic” and 
the demand for innovation, albeit itself a well-motivated concept, is some-
times taken to an extreme interpretation by demands for even basic research 
to become of clinical or industrial use within time frames of individual fund-
ing periods. Block grants allow activities in large consortia that otherwise 
may not have stood up to individual peer review. Sheer size and magnitude 
of research and investment becomes a valued aspect in itself.  

Some of these actions are warranted indeed. Thinking large-scale, and the 
associated need for concentration of resources, is a logical consequence of 
the recent ability to collect tremendous amounts of biological data and the 
associated implementation of computational approaches to biological re-
search. Moreover, coordination and directed initiatives will be required to 
establish infrastructure necessary for scientific breakthrough, for example, 
biobanks, field stations and technical platforms. However, I am sceptical to 
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requests for specific areas to be researched, specific questions to be an-
swered and specific demands for short-term industrial or clinical benefits. Or 
put differently, I am sceptical to such requests and demands increasingly 
being allowed to influence not only funding agencies with a role in support-
ing applied research or research within particular sectors, but also agencies 
supposed to secure the conditions for basic and bottom-up defined research 
and, most seriously, even governmental funding allocated to universities.22  

Swedish research in biology is very strong. In a compilation recently done 
by NordForsk (2011), the field-normalized citation rate for Swedish publica-
tions in biology 2005-2008 was 1.27, i.e., 27% above the world average 
(mainly based on data from Europe, North America and East Asia). This is 
higher than the field-normalized rate for any of the other investigated subject 
fields, including biomedicine (which has the lowest rate, 1.00), chemistry, 
engineering and materials sciences, geosciences, health sciences, and physics 
and mathematics.23 Having followed Swedish research in biology with some 
interest over the past few decades and having served most of the relevant 
major Swedish funding agencies, my interpretation of Sweden’s success in 
biology is as follows.  

Academic research in small countries is bound to face difficulty in fa-
vourably competing with large-scale international initiatives from research 
institutes, major universities and commercial enterprises. However, for a 
number of reasons reflecting conditions within academia as well as in socie-
ty as such, our system tends to foster individuals who are competitive on an 
international scale. The main funding agency for Swedish research in biolo-
gy during the last few decades – the former Natural Sciences Research 
Council (NFR) and its successor the Swedish Research Council (VR) – has 
operated predominantly by peer-review on a per-project basis, in open com-
petition.24 This has favoured basic research embracing the scientific method 
sensu Popper, based on the concept of falsifiability for a hypothesis to have 
credence. Such hypothesis-driven research to explain cause-and-effect rela-
tionships (with hypotheses formulated by educated guesses based on previ-
ous hypotheses being verified or disproven) has given individual Swedish 
biologists with bright ideas the chance to reach international recognition and 
stature irrespective of the precise direction of research. With some notable 

                               
22 Sector organs tend to become even more specialized and directed. As an example, the 
Swedish Research Council for Environment, Agricultural Sciences and Spatial Planning has 
changed policy gears by devaluating scientific excellence in favour of needs-driven research 
and societal values. 
23 The same applies for papers published by scientists from Uppsala University according to 
the NordForsk report. Biology (1.35) along with chemistry has the highest citation rate among 
the mentioned subject fields. 
24 The Research Council has also provided a career track for the most successful scientists, 
with both junior (assistant professor) and more senior (Research Council Fellows) positions 
for full-time research. 
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exceptions, like the “grand projects” (storprojekt) of the 1970s such as the 
ecology of coniferous forests project (barrskogslandskapets ekologi), the 
funding policy has been relievingly devoid of program-oriented funding 
initiatives.  

The strength of the system has thus been that it is the idea, the hypothesis, 
which forms the main pillar of the intellectual process. The quality of re-
search has been at a premium, not the direction of research. With good ideas, 
Swedish biologists have been able to contribute to those areas of biology 
where good ideas happened to arise. Using an applicable metaphor, those 
seeds that have germinated well from the unpredictable but sometimes fertile 
soil have been watered, thereby bringing rich blessings for the crop.  

Academic leaders can achieve cheap point-scoring, both internally and 
externally, by supporting initiatives of directed research and political claims 
for short-term benefits. By internally liaising with those who for the time 
being benefit from such initiatives, it is usually possible to claim collegial 
support and, hence, credibility. However, leaders may better serve their alma 
mater, and both academia in general and the society as such, by arguing for 
and taking actions that promote the long-term advancement of science in an 
unprejudiced manner. Examples are numerous of basic research in the life 
sciences that has had a profound impact on society and on economic 
growth.25 Typically, this has been research where solutions to problems or 
answers to questions have been reached without the problems or questions 
being possible to formulate far in advance. Academic leaders of today 
should therefore show integrity by navigating through the academic land-
scape by minimizing disincentives against free basic research, as in the life 
sciences. 
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Chapter Seven  
Developments in the Cultural Sciences 

Vigdis Ystad, University of Oslo, Norway26 

7.1. Introduction 
My topic “Developments in the Cultural sciences” needs a short definition. I 
would mainly regard it as questioning developments in the humanities, their 
position in today’s national and international society, and their possible posi-
tion in the future. Parts of the social sciences are of course also included in 
my “humanistic” concept. Social sciences working on a humanistic study of 
man and society, like social anthropology, historically and hermeneutically 
oriented social science, psychology etc., are closely related to the humani-
ties. I would however not include social sciences using quantitative concepts 
to identify empirical regularities, “variables” or universal and predictable 
“laws” ruling human actions, because I regard such sciences as closer to the 
technical sciences, describing and identifying natural laws, not human 
thoughts and actions. Human facts, beliefs, and emotions cannot be de-
scribed with the vocabularies of natural science. Understanding meanings 
and values is different from explaining external phenomena. I hasten to add 
that both activities are of course of the utmost importance to any culture or 
society, and it would be dangerous if one of them should be permitted to 
dominate.  

The sciences’ dominating position in today’s society is due to the direct 
impact they are thought to have on economic growth and social develop-
ment. The common understanding of the word values seems to have 
changed. Today it is mostly considered to mean economic values, pointing at 
phenomena whose value is mainly measured by their cost or market value. 
Even human thoughts have become threatened, being measured as producing 
something that can be bought or sold. The primary value of the humanities is 
however not instrumental, no matter how important it may be to teach for-
eign languages to businessmen or offer source material for the popular arts.  

Cognition of ourselves as humans is something different, however. The 
humanities represent studia humanitatis, and our goal is, in Descartes’ 
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words, sapientia humana (human knowledge). The humanities have devel-
oped a basis for rational discussion of how human values originate and how 
they may be estimated. Aiming at understanding the human reality, the hu-
manities imply historical knowledge about human relations, language, hab-
its, traditions, religion, art, and literature. To know why we have become 
what we are, we must understand ourselves. Such knowledge cannot only be 
maintained once and for all, it has to be continually developed and improved 
by scholars who know something about how processes of cultural and histor-
ical transformation take place.  

In classical antiquity, philosophy was given an important role in creating 
and educating the human personality, and at the same time, the sophists 
taught the so-called triviums, rhetoric, dialectics and grammar. This 
knowledge was seen as decisive for citizens in the democratic Athenian city-
state. In the Roman Empire, the trivium was supplemented with quadrivium: 
arithmetic, astronomy, geometry and music, regarded as necessary compe-
tence for free citizens in a democratic state. Since the Renaissance, the hu-
manities held a highly respected position, due to the subjects they mastered. 
The Idea of Europe and the European form of life is a result of human 
thought and humanist research. Ideas of freedom and equality, autonomy 
(leading to the declaration of human rights), universality (in terms of ethics), 
tolerance and reason have been central subjects in humanistic research and 
teaching throughout the centuries. Dealing with European as well as national 
identity, the humanities not only studied culture, they have always been an 
integrated part of European culture.  

In every nation, it is important that different understandings of knowledge 
regulate the cooperation between research funding, organization and re-
search content. Deciding which understanding of knowledge should direct 
research funding and priorities means exercising national authority. In coun-
tries like China and India, as well as in the Western hemisphere, it is now 
official policy to evaluate education, academic work and research mainly 
through the impact they may have on innovation and economic growth. If 
this effect cannot be documented, the humanities seem to be of little interest 
and lose economic support. 

7.2. An Increasing Neglect of the Humanities 
For want of comprehensive international studies comparing the situation in 
different countries worldwide, some short glimpses from countries like Eng-
land, Denmark, Norway and Sweden could perhaps give us a hint about 
which direction the development is taking.  

In England, the political and economical responsibility for the country’s 
higher education rests with the Department of Business. Ever since the 
Thatcher period, the humanities departments at British universities have 
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been required to justify their existence to the government by showing how 
their research and teaching contribute to economic profit. If not, support will 
drop and whole departments may be closed down.  

That is actually what has happened to most of the Scandinavian depart-
ments at English universities during the last decades. Today, the only two 
Scandinavian departments left in Great Britain are those at University Col-
lege, London, and the University of Edinburgh. The London department may 
perhaps still feel safe, as it is offering Scandinavian in combination with 
management studies. How this closing down of Scandinavian Studies will 
affect the cross-cultural knowledge, understanding and maintenance of a 
long mutual English-Scandinavian history, remains to be seen.  

Another fresh example is offered by Middlesex University. In April 2010 
it proposed to shut down its Centre for Research on Modern European Phi-
losophy, an institution internationally known for its scholarly excellence in 
continental philosophy. The university management gives as its reason the 
economic necessity to replace philosophy with other subjects that appeal 
more directly to the working market. At Middlesex University, money is in 
other words given greater importance than scholarly excellence in a basic 
humanistic discipline. Also Liverpool University and King’s College of 
London have entertained plans to close down their departments of philoso-
phy, but protests have so far been strong enough to prevent this from hap-
pening. 

The situation in the various Scandinavian countries seems to parallel this 
obvious concentration on “impact”, “relevance” and “innovation” as criteria 
for research support. In 2003, Denmark established a new research council 
for strategic research. Fundings previously intended to support free research 
were transferred to this new council. There is no obvious reason to believe 
that the humanities gained much by this new strategic organization (although 
I hasten to add that I do not know how this council’s grants have been 
spent). We must however add that Denmark still keeps both a council for 
free research (Det Frie Forskningsråd) and a foundation supporting Centers 
of Excellence, the Danish National Research Foundation (Danmarks Grund-
forskningsfond). The latter was established in 1991 to support excellent re-
search. But in 2008, only 13 % of the funding from Det Frie Forskningsråd 
went to the humanities, and none of the support from Danmarks Grund-
forskningsfond in 2009 went to disciplines within the humanities.  

A new Danish law for university funding implies that university research 
should be initiated according to society’s demands. Accordingly, more and 
more of the university support comes from external sources, not from the 
government. University scholars may be fired if their subject does not show 
a satisfactory ability to attract external funding, or if the university does not 
find the scholar’s subject earning a satisfactory amount of money through 
the university’s system of budgeting. A frightening example is a proposal in 
2010 at the University of Copenhagen. Following the British trend, it sug-
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gested the erasing of 10-15 small and “uninteresting” humanistic subjects 
because they did not “pay”. According to the proposal, the only “safe” sub-
jects at the Faculty of Humanities in Copenhagen were said to be Asia Stud-
ies, Danish, History, English, and Film and Media. Luckily enough, after a 
shift in leadership, the proposal was not implemented. However, it remains 
as a serious reminder of the vulnerability of the humanities. 

In Norway, the country’s five earlier research councils were merged into 
one in 1993. The political intention was to minimize the difference between 
basic and applied research and between researchers and users/recipients. As 
its main research strategy, this new Research Council has chosen to support 
politically defined research areas with possible social and/or economic im-
pact. This policy has severely affected the funding of free research in Nor-
way. Only 7 % of the Council’s total budget now supports free research and 
only 3 % of this support is aimed at the humanities. Since the year 2000, the 
Norwegian Research Council has supported 679 applications in free re-
search. Only 11 of these grants went to scholars working in the humanities.  

The Norwegian Research Council is acting in harmony with the Norwe-
gian government’s and the Storting’s (Parliament’s) research policy. In the 
government’s Parliamentary Bill, no. 30 (2008-09), Klima for forskning 
(“Climate for Research” or “Research Climate”), it is stated that Norwegian 
research policy should strengthen basic research, especially within the sci-
ences. Innovation and internationalisation are honourable words. Areas listed 
to gain research support are energy, climate and ecology, the northern geo-
graphical areas and health and welfare. The humanities are not mentioned in 
the bill.  

In the same year, 2008, the Swedish government’s research bill to the 
Riksdag (the Parliament) stated that Swedish research policy in the next four 
years should pay special attention to research in medicine, technology and 
climate. Priorities and strategies were in other words much the same in Swe-
den as in Norway. The Swedish government’s advisory board for research 
policy, Forskningsberedningen, headed by Research Minister Tobias Krantz, 
in July 2010 delivered the report Forskning formar framtiden (Research 
shapes the future). This report is meant to inspire the political debate on re-
search, preparing for the government’s next research proposition in 2012, 
and it is perhaps more nuanced than the above-mentioned propositions. But 
the priorities do not seem to differ much. Some of the board’s proposals aim 
at strengthening the innovative drive in Swedish research, in order to in-
crease Sweden’s competitive strength. The report also stresses the im-
portance of having more students choose science and technology as their 
university subjects.  

The overall picture reveals that the humanities seem to be neglected both 
in Britain and in the Scandinavian countries.  
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7.3. New Apprehensions of the Humanities 
Concepts like freedom and responsibility have long formed a central basis 
for the understanding of our human world, and scholarly activities in the 
cultural sciences have traditionally been based on agreements on rational 
insight and understanding, with moral philosophy and ethics playing a cen-
tral role. But today, this has seemingly become synonymous with a “con-
servative” ideology. New apprehensions of the humanities are replacing the 
traditional ones and are severely affecting the humanities’ distinctive fea-
tures, their recognition and significance. In this perspective, the demand for 
financial impact is perhaps not their most serious threat. 

If the humanities detach themselves from society’s common experiences, 
they remove themselves from the common social and human foundation that 
keeps them alive. This is the main point of view taken by the Swedish schol-
ar Svante Nordin, a professor of the History of Ideas at Lund University. In 
his recent book Humaniora i Sverige: framväxt, guldålder, kris (2008; Swe-
dish Humanities, Beginning, Golden Age, Crisis) he writes on the humani-
ties’ duty to take part in a never-ending discussion, using a store of concepts, 
metaphors and associations making cultural conversation possible. In this 
way, the humanities keep our mutual memory living and at the same time 
make it possible for us to study it and renew it. Nordin sees tradition or can-
on as a presupposition for such cultural creation. The humanities deal with 
the canon or tradition, studying our contemporary society through tradition, 
as well as tradition through our own time. Both activities are necessary in a 
living culture (Nordin, 2008, p. 289).  

But the “modern humanities” no longer seem interested either in the can-
on or in speaking to ordinary humans. The “conversation” is silenced. To 
explain what has happened, Nordin points to an inherent humanistic disa-
greement on basic theories and methods, emerging in the 1960s. He regards 
the new theoreticians as representatives of an intended revolution and a will 
to renew the humanities in radical ways. As examples he mentions what he 
characterizes as anti-humanism in writings by Lévi-Strauss, Lacan, Foucault, 
Derrida, Althusser, and Kristeva. Nordin writes: “The humanities tried to 
save themselves by disclaiming their connection with the ideal of ‘Bildung’” 
(Nordin, 2008, p. 273). In his opinion, the result has been devastating. 

The core of the controversies lay on questioning our view of Man as a 
free individual and as an ideological and scholarly subject. Suspicion was 
thrown on everything that up to the mid-20th century had been regarded as 
basic humanistic research. Marxism, postmarxism, structuralism, post-
structuralism, colonialism, and cultural studies, criticize our western culture 
and the concept of “universal” values defining the western model of society. 
Knowledge inherited and developed through generations was perceived as 
elitist, old fashioned, Eurocentric, patriarchal, bourgeois, conventional and 
of no value. Human expressions and ideologies were seen as dependent on 
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social class, sex and race, and the western canon was exposed as created by 
“white males only”.  

The new trends have partly resulted in a “linguistic turn”, implying a dis-
course theory that defines everything as language, text and vocabulary with-
out fixed or definable meanings. That differs from what we have traditional-
ly regarded as the potentiality of human language. Language used to be 
treated as our basic medium for meaningful knowledge and as more than just 
a means of plain communication. The common scholarly concept of lan-
guage has seen it as an integral part of specific (area-related) cultural 
thought, meaning and communication patterns, conveying inherent 
knowledge and different modes of cognition in different cultures. But when 
modern discourse theory makes all and everything into “discourse”, no 
meaning can any longer be taken for granted. Discourse theory has also had 
as its consequence that it is no longer believed imperative to study and inter-
pret sources, since it is thought impossible to approximate truth to the extent 
made possible by the material and our ability to interpret it. Scholarly work 
with sources is no longer felt to be necessary, and all subjects have become 
equally important. As an example, it has become acceptable to study topics 
like popular songtexts without knowing anything about classical literature.  

The internal reversal in the humanities has resulted in deep and growing 
discrepancies and uncertainties. In Nordin’s words, the humanities’ founda-
tion has eroded. He is not the only scholar to suggest this. Jerome Kagan, 
professor of psychology at Harvard University, is correspondingly concerned 
about “the postmodernist challenge to the validity of claims based on narra-
tives, as well as their seminal contribution to an understanding of the human 
condition” (Kagan, 2009, p. xi), and he states: “When the postmodernists, 
such as Derrida and Foucault, attacked the claims made by members of their 
own intellectual family, the loss of confidence among humanists became 
catastrophic” (Kagan, 2009, Preface, p. x). We might add that loss of confi-
dence also applies to the frustrated conversation between the humanities and 
the people they are supposed to serve.  

If these scholars are correct, the humanities’ relevance in today’s global 
world is in real danger, and the reason for this may be sought within the hu-
manities themselves. Such descriptions seem to indicate a kind of dystopia. 
For the humanities still to prove their importance, the most obvious way 
would be to carry out research immediately felt to be interesting and im-
portant, both by individual recipients and by society as a whole. How should 
this be done? 

7.4. A National Strategy for the Humanities 
The Norwegian Research Council has suggested a possible solution in estab-
lishing a national stategy for the humanities. The report Humanistisk for-
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skning: nasjonal strategi (2008; Research in the Humanities: National Strat-
egy) proposes enforced cooperation between scholars, market and bureau-
cracy, and underlines the importance of administrative support, leadership 
and increased strategic planning. The envisioned result, called “new humani-
ties”, is characterized as innovative, interdisciplinary, and internationally 
oriented. To maintain this goal, the report suggests more cooperation, net-
work building, and national planning. It seeks better integration of human-
istic research results in trade and business, and suggests organizing a big 
humanistic research programme with societal relevance. The humanities 
should also be incorporated in the big research programmes in science, med-
icine and social sciences, and cooperation with institutions outside the acad-
emy is also suggested. In conclusion, the report proposes establishing posi-
tions for Technology Transfer Officers, their mandate being to develop com-
petence on the humanities’ role and value in innovation and business. These 
officers should also assist the humanities in their innovative work.  

The report has gained praise and attention, and many of its propositions 
are interesting and should of course be taken into consideration. As an ex-
ample, it will be important to strengthen the interdisciplinary cooperation 
between scholars in the cultural sciences.  

But the Norwegian report on the humanities does not identify what kind 
of scholarly cooperation and societal relevance they recommend, and it says 
little about how to find financial support for research programmes in the 
humanities. In some respects the report seems more filled with today’s glob-
alized buzzwords on international perspectives and business cooperation 
than with stringent scholarly advice. It seems to overlook the most decisive 
hallmarks of “the old humanities”, and it does not recall how important it is 
for the quality of interdisciplinary studies to respect and maintain every 
scholarly subject’s distinctive peculiarity.  

Many of the report’s proposals, in other words, recommend what may be 
seen as “politically correct” research. That is always a great danger to schol-
arly quality. The humanities should rather detach themselves from current 
events and strategic political thinking. I am convinced that employing Tech-
nology Transfer Officers will not be the best way to secure quality and im-
portance in the cultural sciences, although I do not reject it completely as a 
possible aid towards making the humanities’ potentialities better known in 
society. The combination of strategic leadership and scholarly quality will in 
any case be extremely difficult to obtain in a small country like Norway. 
There will probably be too few outstanding applicants for politically de-
signed research openings connected to the designed big programmes. That, 
in turn, will prevent real competition between actual scholars, and scholars 
who may be interested in joining such programmes can easily be tempted to 
accommodate and customize their research, in order to get economic sup-
port. 



 146 

Both quality and relevance in humanistic research are better obtained by 
letting the scholars decide for themselves what kind of research they find 
most important and interesting in today’s society. Free cultural research 
could make it possible both to enrich the humanities and to rescue the pre-
sent and future world from mere materialism. The humanities should regain 
their power as a democratic force, providing our capability to identify and 
analyse both our own culture, past interaction between cultures and future 
possibilities of such interactions. That would presuppose a turning back to 
the belief in human meanings as the cultural sciences’ main interest. 

7.5. A Plea for More Traditional Humanities 
Martha C. Nussbaum, professor of law and ethics at the University of Chica-
go, seems to plead for a return to these more traditional humanities. In her 
latest book Not for Profit: Why Democracy Needs the Humanities (2010) she 
writes about the importance of the humanities in an ever-on-going project of 
democratization. Her point of departure is what she regards as a crisis in 
today’s society, “like a cancer; a crisis that is likely to be, in the long run, far 
more damaging to the future of democratic self-government [than the eco-
nomic crisis]: a world-wide crisis in education” (2010, pp. 1-2). For Nuss-
baum, education for democratic citizenship is of greater importance than 
anything else, but she finds it severely threatened, vulnerable and under great 
pressure. Humanities and arts have been reduced to technical abilities, in-
stead of teaching us “the faculties of thought and imagination that make us 
human and make our relationships rich human relationships, rather than rela-
tionships of mere use and manipulation” (2010, p. 6). Nussbaum underlines 
and emphatic members of a community of equals, capable of exchanging 
ideas on the basis of respect and understanding with people from many dif-
ferent backgrounds” (2010, p. 141), and she sees the value of humanities as 
the basic condition for true democracy. If the trend of neglect goes on, we 
will end up having technically trained people and useful profit-makers, but 
not people who know how to criticise authorities or how to take part in crea-
tive and innovating discussions of the direction we want our human world to 
take. 

Let us give Martha Nussbaum the last word. She states: “If we do not insist 
on the crucial importance of the humanities and the arts, they will drop 
away, because they do not make money. They only do what is much more 
precious than that, make a world that is worth living in” (Nussbaum, 2010, p. 
143). 
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7.6. Comments by Sara Danius27 
There is a lot of talk these days about the crisis in the humanities, not only in 
Scandinavia but virtually everywhere. As I contemplated the crisis in the 
humanities, I did what we all tend to do nowadays, especially when we are at 
a loss: I searched the web. I entered the word “humanities,” then added the 
word “crisis.” In less than a tenth of a second, I had 3.6 million hits. Three 
point six million hits. It was a rather overwhelming discovery. It was also a 
sobering one. 

The crisis in the humanities is the subject of newspaper articles, TV pro-
grams, hefty books, websites, and, yes, academic conferences. It is unclear 
whether this vast output has advanced our sense of where the humanities are 
headed. But one thing is obvious. It would be possible to carve out a stellar 
career by specializing in the humanities crisis. It’s an intellectual industry in 
its own right. 

But that does not mean that the problems are not urgent. They are. As 
Professor Vigdis Ystad emphasizes in her paper, there’s a real threat, and it 
will not go away. The educated middle classes are largely a thing of the past. 
The intellectual public sphere is disintegrating. Corporate thinking, along 
with the ideology of the audit society, has long since permeated the universi-
ty, as Professor Marie-Laure Djelic points out in her paper. We regularly 
read about departments being axed because of dwindling student enrolment, 
meagre profits, or both. As Professor Lars Engwall, President of the Society, 
humorously pointed out in the introduction to the Symposium, our venerable 
cathedrals of learning have turned into cathedrals of earning. Few today, not 
least the man in the street known as the taxpayer, will defend the academic 
study of, say, Greek and Latin, or even philosophy. 

Now, should we lament this development?  
First of all, we need to consider a simple fact. The world will not fall 

apart if humanities scholarship disappears. After all, there have been periods 
in human history, indeed, long periods, when no humanities scholarship 
existed. People survived, and even thrived. 

Can we imagine a world without humanities scholarship? Of course we 
can. Let’s not be hypocritical. It would probably be a somewhat less interest-
ing world, and definitely not an amusing one, but it would not fall apart.  

What’s the point with the humanities? And where are they headed?  
These are grand questions. It is a bit like asking: “What’s the meaning of 

life?” If I were able to answer them, I would not be here today. I would be 
sitting in my private jet, on my way to one of these international crisis con-
ferences to give a lucrative keynote address. In the meantime, let me share 
my own view − a humble, even minimalist, view. 
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What’s the point with the humanities? Where are they headed? Nothing 
would be easier than to evoke the pieties of the past and say that the humani-
ties are essential for human civilization and for making our society a better 
one.  

I do not believe for a second that studying the humanities enhances our 
civilization, nor do I believe that humanities scholarship makes our society a 
better one.  

But I do believe that the skills that we teach our students are absolutely 
essential − essential to our civilization in general and to our society in par-
ticular. 

I often come across the argument that it is of paramount importance that 
humanities scholarship reflect upon its relevance and social utility. Rele-
vance and social utility. I like these words. They are good words. But I have 
never quite understood why this need for self-scrutiny is so urgent. For me, 
all humanities teaching is unquestionably useful, and when I say useful, I 
mean it in the most instrumental sense of that word.  

Scholars in the humanities are devoted to the arts of reading and writing. 
On occasion, we also think. That’s what we do. For my part, I am a literary 
scholar, and I have spent the last 25 years studying the modern European 
novel, that is to say, armies of black letters marching across white pages. 
What would I say to the man in the street, that is, to the taxpayer? 

Officially, the job of a literary historian such as me is to convey the histo-
ry of literature to students. For the most part, we begin with Homer and the 
Bible and then work our way up to Cervantes, Dante, Goethe, Kleist, Flau-
bert, Proust, Woolf, Yourcenar, and contemporary writing. Most of us would 
say that it is vital to combine literary history with intellectual history as well 
as with social history. We also do a great deal of theory: interpretive, narra-
tive, and critical theory. 

But there is also an unofficial curriculum, and it revolves around the arts 
of reading and writing. These are the fundamental skills that we ask our stu-
dents to develop, strengthen, and refine. I can think of few things that are 
more essential in our society.  

In a word, our job is literacy − literacy at a very advanced level, to be 
sure, but that does not make our work less useful, especially during an era in 
which virtually every single individual, at least in the industrialized world, 
processes words and information on a daily basis. Add to this that scholars in 
the humanities explore and describe the shifting forms of human experience, 
and the call for social utility seems even more puzzling.  

But this does not mean that it would not be a good thing for scholars in 
the humanities to engage in some critical self-reflection. 

(1) We need to think big thoughts. Let me share with you a Stanford Uni-
versity anecdote. A friend of mine, a professor of Comparative Literature, 
once asked his doctoral students: “If you really think that people like Erich 
Auerbach, Hannah Arendt, Ludwig Wittgenstein, Ernst Gombrich, Stanley 
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Cavell, Michel Foucault, and Julia Kristeva are exemplary, why are not you 
trying to surpass them?” In short, why is that so many scholars are intent on 
explaining what other people have already said, rather than saying new 
things themselves? Why indeed. 

This Stanford anecdote is not about madness, Californian or otherwise. 
It’s about one of the most important tasks of the academy: to expand the 
horizons of the thinkable, the sayable, and the doable. People will not think 
big thoughts unless someone expects them to. 

(2) We should be less pious when it comes to disciplinary boundaries. 
Today, the most interesting and compelling scholarly tasks are to be found 
between disciplines. Ideas know no limits, only bureaucrats do. In addition, 
we are faced with formidable and exciting intellectual challenges: to under-
stand the consequences of globalization, of migration, and of the expansion 
of new media. Unless we rise to these challenges, we will be the illiterates of 
the future. 

(3) “Down with gray hair at birth!” This is not me talking. It is Friedrich 
Nietzsche, the German philosopher. To us − scholars in the humanities − 
Nietzsche (1874) says: Every new generation must live as though it were the 
first. Only as the master builder of the future will you be able to understand 
history. Our task is to teach young people and help them better equip them-
selves for life and work in the here and now, in contemporary society. Any 
democratic society worthy of the name presupposes scholarship in the hu-
manities. For what is such scholarship? It is a place where human society 
inquires into itself, discovers itself, and becomes conscious of itself. It is 
only in this way, I believe, that the usefulness of humanities scholarship can 
be defended and justified.  
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Chapter Eight  
Developments in Natural Sciences 

Karl Jakobs, Physikalisches Institut,  
University of Freiburg, Germany 28 

8.1. Introduction 
What is the nature of the universe and what is it made of? What are matter, 
energy, space and time? How did we get here and where are we going? What 
is the origin of life? Throughout human history, questions like these have 
occupied philosophers and scientists. In ancient and medieval times the 
study of Nature was known as Natural Philosophy. Modern Natural Sciences 
emerged in the age of the Enlightenment in which the philosophical interpre-
tation of Nature was replaced by a scientific approach. During the past cen-
turies, Natural Sciences have diversified into many different branches. Sci-
entific theories and experiments of increasing power and sophistication have 
led to a profound understanding in many areas and to revolutionary insights 
into the nature of the world that surrounds us.  

Today we consider physics, chemistry, biology, astronomy and earth sci-
ences as the classical disciplines. However, in particular research in the past 
decades has shown that this factorization cannot be strict and many interdis-
ciplinary science and research fields have developed. One important exam-
ple of largely interdisciplinary research is the Life Sciences, which comprise 
all fields of science that involve the scientific study of living organisms. 
While biology remains its core piece, interdisciplinary fields like molecular 
biology, biophysics or physical chemistry add key competences in the en-
deavour to understand the complex questions on the functioning and origin 
of life. In physical sciences, e.g. cosmology, the science of the origin, struc-
ture and changes in the universe is an interdisciplinary science with experi-
mental input from physics and astronomy. 

Fundamental research in Natural Sciences can largely be grouped along 
three major research lines, characterized as investigating the small, investi-
gating the large and investigating the complex (Figure 8.1). 
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Figure 8.1. Major Research Lines in Natural Sciences  

Source: The author 

Investigating the small is the realm of particle physics where the objective is 
to identify the fundamental building blocks of matter and the fundamental 
forces that act between them and to extract a unified and all-embracing de-
scription of matter and forces, from the smallest distances of 10-18 m ex-
plored today to cosmological scales of 1025 m. It is intimately connected 
with the investigation of the large. There is strong evidence today that the 
universe emerged out of a big bang that happened about 13.6 billion years 
ago. Shortly after the Big Bang the energy was extremely high and concen-
trated in a small space-time region, such that states of matter could have 
existed, that today can only be re-created in modern particle physics acceler-
ators. The fundamental laws of physics must have governed the expansion 
and the development of our universe with the formation of nuclei and atoms 
from elementary particles, with the formation of stars, galaxies and planets.  

In the last 30 years, physicists have achieved a deep understanding of the 
fundamental particles and the physical laws that govern matter, energy, 
space and time, and a standard theory emerged that can truly be celebrated as 
one of the scientific triumphs of the 20th century. However, this theory 
leaves important questions open like e.g. the question of the origin of mass 
of particles. In addition, startling new data from astrophysics have revealed 
that only about five per cent of the energy density of the universe is made of 
normal, visible matter described by the standard theory. Ninety-five per cent 
of the universe consists of so-called Dark Matter and Dark Energy whose 
fundamental nature is a mystery. The standard theory’s orderly and elegant 
view of the universe must be incorporated into a deeper theory that can ex-
plain the new phenomena. The result may lead to a revolution in physics as 
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dramatic as any that has come before. The world’s most powerful accelera-
tor, the Large Hadron Collider (LHC) at the European research laboratory 
for particle physics CERN in Geneva, started operation at high energies in 
March 2010. With this accelerator particle physics enters new territory, 
where answer to some of these questions and ground-breaking discoveries 
are expected to be made during the forthcoming years.  

Research along the third dimension focuses on complex systems that in 
general are characterized by a large number of interacting parts. Although in 
principle the fundamental laws of nature should also be applicable, this is 
impossible to do in practice, and so-called effective theories must be applied. 
In a complex system the interconnected parts often exhibit one or more 
properties that are not obvious from the properties of the individual parts. 
Examples of such systems in the domain of Natural Sciences are climate, 
nervous systems, cells and living systems including human beings, i.e. large-
ly belonging to the Life Sciences. However, complex systems appear as well 
in social science and economics, examples of which are human economics or 
social structures, modern energy or telecommunication systems. Given that 
there is a separate discussion on the advances in the Life Sciences in these 
contributions (see Chapter Six), the rest of this article will focus mainly on 
developments in physical sciences.  

After a brief description of the methodology of Natural Sciences in Sec-
tion 8.2, achievements in the early phase of science and important paradigm 
changes in the 20th century are described in Sections 8.3 and 8.4. The stand-
ard theory of particle physics and today’s major open questions are presented 
in Sections 8.5 and 8.6. The experiments at the Large Hadron Collider are 
presented in Section 8.7, before the potential of this accelerator and first 
results are discussed in Section 8.8. The conclusions are given in Section 
8.9.  

8.2. The Methodology of Natural Sciences  
In Natural Sciences a methodology is used that relies on both experiments 
and theory. Experiments allow measurements to be performed leading to 
objective and reproducible results. The precision of measurements is affect-
ed by quantifiable uncertainties (both statistical and systematic in nature), 
which can be reduced with advances in the existing or with inventions of 
new experimental techniques. The statistical component of the uncertainty 
can be reduced by repeated measurements under the same experimental con-
ditions. The results and the corresponding uncertainties allow predictions to 
be made on the true value of quantities to be measured. The experiment itself 
is often considered as a Question to Nature which may give a decisive an-
swer. An important aspect is the objectivity and reproducibility: experiments 
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performed under the same conditions should lead to the same results and 
conclusions. 

Every discipline of Natural Science has a theoretical branch that aims at a 
mathematical description of the phenomena studied. Mathematics is used to 
describe the laws of Nature and is considered as the language of Nature. 
Theories must have predictive power; their predictions can be confronted 
with experimental measurements and thereby theories can be falsified.  

Although there are close interactions between theory and experiment, 
breakthroughs and progress often comes from new, unexpected experimental 
discoveries that do not fit in the existing theoretical framework. A famous 
example of this is the discovery of quantum behaviour of Nature that 
emerged at the beginning of the 20th century. There are also opposite scenar-
ios where theoretical concepts are formulated first and the experimental con-
firmation appears later. Famous examples are the prediction of electromag-
netic waves by James Clerk Maxwell and the prediction of particles called 
neutrinos by Wolfgang Pauli in the 19th and 20th century, respectively. In 
general, there is extremely fruitful interaction and stimulation between the 
experimental and theoretical domains. 

In this context it is important to note that new or better measurements 
may lead to what is called paradigm changes. Concepts may be wrong and 
require drastic changes. Very often, the old theories are contained as border 
cases in the new, improved ones. The theoretical formulation is often guided 
by important principles. One such principle is the reduction principle that 
has proven to be extremely successful in the Natural Sciences (see Section 
8.3). Another guiding principle is the concept of symmetries. The mathemat-
ical description often displays symmetries that lead to important conse-
quences for the system under consideration. In the early 20th century, Emmy 
Noether, a German mathematician – and one of the first women in science – 
proved that for every symmetry obeyed by a system a conservation law is 
implied. For example, invariance of the theory under transformations in 
space and time, i.e. the experiment should produce the same results if carried 
out at a different place and/or at a different time, leads to the conservation of 
energy and momentum in physics. Such symmetries can often be exploited 
to simplify the mathematical equations and thereby the theoretical calcula-
tions.  

8.3. The Early Phase of Natural Sciences  
The beginning of Natural Sciences can be marked in the 15th and 16th centu-
ries. Careful experimental measurements in astronomy on the movements of 
planets by Tycho Brahe provided the basis for Johannes Kepler to formulate 
laws of planetary motion. For the first time, experimental data were used to 
extract laws of motion in an empirical way. They correspond to a mathemat-
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ical parametrisation that describes the whole wealth of existing experimental 
data, however, the origin of the motion – or the dynamics – were not yet 
explained, nor questioned.  

A first theory in physics was formulated during the so-called Scientific 
Revolution by Isaac Newton. His major achievements are twofold: Firstly, he 
introduced the concept of force that must be held responsible for the motion 
of a body. This approach is drastically different and breaks with the postu-
lates of Aristotle, which were considered valid throughout Middle Ages. 
According to Newton, a body keeps moving with constant velocity and di-
rection unless forces act on it to accelerate (or decelerate) it. The second 
great intellectual achievement of Newton was the recognition of a unifying 
principle. He realised that it is the same force that makes an apple falling to 
earth as the force that keeps the moon on its orbit around the earth or the 
earth on its orbit around the sun. A fundamental force, namely gravity, was 
recognized and a whole plethora of effects from day-to-day live was ex-
plained by a fundamental law at a deeper level. Mass was identified as the 
source of gravity. Today, gravity is still considered as a fundamental force of 
Nature (see Section 8.5).  

The 19th century also saw major advances in Natural Sciences: the reduc-
tion principle was successfully applied by Dmitri Medeleyev, who was the 
creator of the first version of the periodic table of chemical elements. To 
describe all matter that surrounds us, about 100 chemical elements are suffi-
cient. The underlying periodicity or symmetry allowed him to predict prop-
erties of elements yet to be discovered at his time.  

Another breakthrough that also nicely demonstrates the interplay between 
experimental and theoretical science, was achieved in the unification of elec-
tric and magnetic phenomena. After the experimental studies by Michael 
Faraday and many others, James Clerk Maxwell formulated a unified theory 
of electromagnetism. Electrical and magnetic phenomena are coupled and 
four mathematical equations, expressed in terms of electric and magnetic 
fields, describe all electric and magnetic phenomena observed. From his 
theory, Maxwell also predicted the existence of electromagnetic waves. The 
experimental proof was provided about 20 years later by Heinrich Hertz. 
With electromagnetism a second fundamental force of Nature was discov-
ered. 

It is needless to say that these advances in Natural Sciences, in particular 
in the area of electromagnetism, led to numerous innovations and applica-
tions, which is still on-going. To mention a few: electricity, radio, television, 
communication systems, computers, transistors, microelectronics, i.e. inno-
vations without those our today’s life would be unthinkable. 

Also in other disciplines of Natural Sciences, in particular in chemistry, 
advances in research translated into new technologies that dramatically 
changed life and society. The development of the chemical industry should 
be mentioned, which allowed large-scale production of sulphuric acid, sodi-
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um carbonate, dyestuffs, fertilizer and many other products. It also produced 
important pharmaceutical products like acetylsalicylic acid or penicillin. 
Synthetic materials were introduced in the 20th century. Research is still con-
tinuing today in modern material sciences, in particular with the develop-
ment of application specific or bio-inspired materials.  

The 19th century saw also the development of the automotive industry, 
which is an important example of the interaction between technological ad-
vances and research. Progress in the field of thermodynamics was largely 
driven by the successful development of steam engines and the desire to 
understand its basic principles and to improve the efficiency of the transfor-
mation of heat into valuable mechanical energy.  

Not only technology, but also other branches of science profited from de-
velopments in Natural Sciences. New concepts of Natural Sciences often 
resonated with other disciplines like mathematics or philosophy.  

8.4. Paradigm Changes in the 20th Century 
The 20th century saw truly ground-breaking discoveries and developments in 
Natural Sciences, which led to important paradigm changes. The most sig-
nificant ones are the development of the quantum theory and of the theory of 
relativity in physics and the discovery of the structure of the deoxyribonucle-
ic acid (DNA) by Francis Crick and James Watson in biology, which marked 
the beginning of modern genetics. The evolutionary theory of Charles Dar-
win constitutes a likewise important achievement. Since the first two are 
more relevant for the discussion in the subsequent sections of this paper, 
their main implications are briefly discussed in the following.  

Quantum theory provides the description of physics at the atomic and 
sub-atomic scales where the classical concepts had been shown to fail at the 
beginning of the 20th century. The term quantum was coined by Max Planck, 
and derives from the observation that some physical quantities can be 
changed only by discrete amounts, or quanta, rather than being capable of 
varying continuously or by any arbitrary amount. An electron bound into an 
atom, for example, has quantized values of angular momentum and energy.  

Quantum theory differs significantly from the classical theory in its struc-
ture and predictive power. The mathematical formulations are abstract and 
the implications are often counter-intuitive in terms of classical physics. 
Many of the results of quantum mechanics do not have models that are easily 
visualized in terms of classical mechanics. Quantum theory describes the 
time evolution of physical systems via a mathematical structure called the 
wave function. This function encapsulates the probability that the system is 
to be found in a given state at a given time. The paradigm change with re-
spect to classical physics lies exactly in this aspect. Whereas the classical 
theory allows absolute predictions to be made, quantum theory can only be 



 

 157 

used to predict the probability of a system to be found in this or that state, 
which is often referred to as a loss of calculability. This is linked to the un-
certainty principle formulated by Werner Heisenberg, which states that there 
is a principle limit in precision on the concurrent knowledge of the position 
and the momentum of a particle.  

Since its development, quantum theory has branched out into almost eve-
ry aspect of physics and into other disciplines such as quantum chemistry, 
quantum electronics, quantum optics and quantum information science. 
Classical physics is contained as a border case in the quantum theory, if 
scales become sufficiently large. 

Albert Einstein’s theories of special and general relativity are among the 
most significant scientific advances of our time. His major contribution was 
the recognition that the speed of light in vacuum is constant and an absolute 
physical boundary for velocities. This implies that Newton’s laws of motion 
are only a good approximation for low velocities. They break down, howev-
er, when velocities approach the speed of light. It also led to a radical change 
in the understanding of space and time. Newton’s concept of absolute space 
and time had to be abandoned; time appears to be interleaved with spatial 
coordinates to form a four-dimensional space-time. A further important pre-
diction of special relativity is the equivalence of energy and matter. The 
energy E, momentum p and mass m of a particle are related via the formula

2 2 2E = (mc ) +(pc) , where c is the velocity of light in vacuum. For parti-
cles at rest, i.e. with momentum zero, this leads to the well-known equiva-
lence of energy and mass: E = mc2, which means that energy can be trans-
ferred into mass and vice versa.  

In the theory of general relativity, Einstein showed that matter and energy 
determine space and time, which again constituted a radical change in con-
cept. Mass and energy lead to a curved space-time, the equations of general 
relativity allow for an expanding universe as well as for the formation of 
black holes.  

The predictions of both quantum theory and the theory of relativity have 
been tested in numerous experiments. To date, not a single experimental 
measurement is in contradiction with the predictions of these theories. They 
also provide the fundament for the modern theories of particle physics (see 
below), which are known as quantum field theories.  

8.5. Today’s Standard Theory of Particle Physics 

8.5.1. Experimental Methods to Explore the Interior of Matter 
Particle physics is often also named as High Energy Physics. High energies 
are needed for both the investigation of the interior structure of matter and 
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identifying its building blocks as well as for the creation of new states of 
matter with high mass (cf. Figure 8.2). The latter is obvious from Einstein’s 
equation E = mc2. Quantum mechanics, on the other hand, tells us that parti-
cles can be assigned a wavelength λ that is inversely proportional to their 
momentum p: λ = h/p, where h is the so-called Planck constant. Given this, 
high-energy particles can be used as probes to explore the interior of matter. 
Since the space resolution, i.e. size of the structures that can be resolved, is 
of the order of the wavelength of the probe itself, high momentum – and 
thereby high energy – particles are needed to resolve finer and finer struc-
tures.  

 
Figure 8.2. Building Blocks of Matter 

Source: “Particle Physics in Germany: Status and Perspectives” reproduced with 
permission from the German Committee for Particle Physics (KET). 

This led to the development of particle accelerators as powerful tools for 
physics. In these accelerators particles are accelerated up to energies that are 
sufficient to probe length scales of the order of 10-18 m. This corresponds to a 
billionth part of a nanometre or roughly a billionth part of the diameter of a 
molecule. The investigations performed during the past decades uncovered a 
finer and finer substructure of matter with electrons and quarks as – so far – 
fundamental particles. The electron itself was discovered more than 120 
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years ago as the first elementary particle, and it has remained elementary 
until today. 

Since these accelerators are very large and complex research facilities, 
many universities and research institutes cooperate at international research 
centres. Today there are three major accelerator centres worldwide: the Eu-
ropean Centre for Particle Physics, CERN in Geneva, Switzerland, the Fermi 
National Accelerator Center (FNAL) close to Chicago, USA and the KEK 
research centre in Tsukuba, Japan. 29  

8.5.2. Building Blocks of Matter 
The systematic investigations of particle physics experiments at accelerators 
have unrevealed fundamental particles that constitute all matter. They can be 
classified in two groups, quarks and leptons (Figure 8.3).  

 
Figure 8.3. Quarks and Leptons, the Fundamental Building Blocks of Matter Down 
to 10-18 m Appear in Three Generations  

Note: The quarks have an additional degree of freedom, called colour. 

Source: “Particle Physics in Germany: Status and Perspectives” reproduced with 
permission from the German Committee for Particle Physics (KET). 

                               
29 The European Centre CERN was founded in the 1950s out of a vision of European politi-
cians. The main motivation was the creation of a powerful centre and a competitive infrastruc-
ture for civil, knowledge-oriented fundamental research in physics in Europe. This laboratory 
should provide the infrastructure and foster cooperation between European universities to 
become competitive and to stop or reverse the brain drain to the US. The founding convention 
was signed by 12 member states (Belgium, Denmark, France, Germany, Greece, Great Brit-
ain, Italy, Netherlands, Norway, Sweden, Switzerland and Yugoslavia). Today, CERN is 
carried by 20 member states and is the world largest research lab for fundamental research.  
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Each group contains six different particles that can be grouped into three 
generations, i.e. in each generation we find two quarks and two leptons, 
which differ in their electric charge. In the first generation we find all parti-
cles that are needed to construct the matter that surrounds us. The so-called 
u- and d-quarks (or up- and down-quarks) are the building blocks of the pro-
tons and neutrons that form the nuclei of all atoms. Different chemical ele-
ments are characterized by different numbers of protons (and neutrons) in 
the nuclei. The electrons complement the nuclei to form the atoms of the 
chemical elements. Their number in the atoms is identical to the number of 
protons in the nuclei, therefore guaranteeing that the atoms themselves are 
electrically neutral (electrons and protons have opposite electric charges). 
The second lepton in the first generation, the so-called neutrino, is not a con-
stituent of matter, however. It appears, for example, in radioactive decays of 
nuclei.  

The particles in the second and third generations have similar properties 
as their counterparts in the first generation. However, a noticeable difference 
is their mass. They appear to be heavier copies of the first generation parti-
cles. The muon and tau leptons, for example, have masses that are about 200 
and 3,500 times the mass of the electron.30 The heaviest quark, the top quark, 
has a mass of 172 GeV/c2 and therefore weighs as much as a gold atom and 
is still considered as an elementary particle. The appearance of three genera-
tions and the mass values and mass hierarchy is still a mystery and one of the 
key questions of particle physics today. 

To date, no further substructure of these particles has been discovered, 
and they appear to be point-like up to the distances probed in today’s particle 
physics experiments, which are at the length scale of 10-18 m. 

8.5.3. The Fundamental Forces 
Between the elementary constituents of matter act the fundamental forces 
that have shaped the world that surrounds us today. These forces must have 
been at play since the beginning of time and through the evolution of the 
universe. Today we know of four fundamental forces or interactions:  

The electromagnetic force acts between electrically charged particles.  
The strong force acts between quarks and is e.g. responsible for the bind-

ing of charged protons inside the atomic nucleus. 
                               
30 It should be noted that particle physicists measure energies in multiples of electron volt 
(eV), where 1 eV corresponds to the kinetic energy that an electron acquires when it traverses 
a potential difference of 1 Volt. According to Einstein’s relation, masses can conveniently be 
measured in units of eV/c2. In these units, the tiny mass of the electron of 9.11 • 10-31 kg 
corresponds to 0.511 MeV/c2. The proton is about 1,800 times heavier than the electron and 
has a mass of 938.3 MeV/c2. Multiples of eV are frequently used as convenient units: keV 
(kilo electron volt =103 eV), MeV (Mega electron volt =106 eV), GeV (Giga electron volt 
=109 eV) and TeV (Tera electron volt =1012 eV). 
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The weak force is responsible for the transition of quarks into other 
quarks and thereby explains e.g. the transition of neutrons into protons and 
vice versa in radioactive β-decays.  

Gravitation acts as an attractive force between all masses.  
For elementary particles, only the first three forces are important. Given 

the small particle masses, gravitation can be neglected with respect to all 
others.  

At the theoretical level, forces and interactions between elementary parti-
cles are described by quantum field theories that have been developed during 
the 20th century. The prototype of these theories is quantum electrodynamics, 
where the force is described via the exchange of a force carrier particle, the 
photon. Following this principle, force carrier particles are also postulated 
for the other interactions: gluons for the strong and W and Z particles for the 
weak interaction (see Figure 8.4).  

 
Figure 8.4. The Four Fundamental Forces that Act between Matter Particles (Parti-
cles with Arrows) 

Note: The force is transmitted via the exchange of carrier particles (photons, gluons, 
W and Z particles and gravitons). 

Source: “Particle Physics in Germany: Status and Perspectives” reproduced with 
permission from the German Committee for Particle Physics (KET). 

The force carriers couple to charges that are carried by the matter particles or 
by themselves. These are the electric charge (electromagnetic interaction), 
the so-called colour charge (strong interaction) and the weak charge (weak 
interaction). The weak charge is carried by all matter particles; however, 
only quarks (and gluons themselves) carry the colour charge.  

Similar to the unification of electric and magnetic phenomena by James 
Clark Maxwell the unification of the electromagnetic and weak interaction 
was achieved within the standard theory of particle physics by Sheldon Gla-
show, Abdus Salam and Steven Weinberg in the 1960 and 1970s. The theory 
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of strong interactions has a similar internal structure and follows the same 
symmetry principle.  

Gravitation has a different structure and is transmitted by a field (ex-
change of gravitons) whose sources are energy (mass) and momentum of 
particles. However, the formulation as a quantum field theory has not yet 
been achieved to date. Although gravity is not important at today’s energies, 
it has to be linked to particle physics and must be incorporated at extremely 
high energies (at ~1019 GeV) where its strength is comparable to that of the 
other forces.  

8.5.4. The Higgs Mechanism 
In order to formulate the standard theory in a consistent way, and to avoid 
divergences in the calculation of observable quantities, the force carriers 
must be massless. This is the case for the photon and the gluons; however, 
for the W and Z particles, large masses, in the order of 80 and 91 GeV/c2, are 
experimentally observed.  

In order to create these masses and to solve the divergences in the theory, 
the Scottish physicist Peter Higgs and others postulated the so-called Higgs 
mechanism. They postulate that the entire space is filled with a field, the 
Higgs field, and particle masses are created via interaction of the particles 
with the Higgs field. Associated to this field is a new particle, the Higgs 
particle. All properties of this particle are fixed, except its mass, which can 
lie in the range between 0 and ~1000 GeV/c2. So far, at experiments at exist-
ing accelerators, no evidence for the existence of a Higgs particle has been 
seen and a lower limit of 114 GeV/c2 on its mass has been set.  

8.5.5. The Open Questions 
Although all experimental measurements to date are in agreement with the 
standard theory, it cannot be the ultimate theory of particle physics. It is ra-
ther considered to be an effective theory at low energies that is contained in a 
larger framework. The standard theory of today contains too many free pa-
rameters, like e.g. masses of particles, coupling strengths of the carrier parti-
cles, which cannot be deduced from first principles. In addition, it does not 
provide answers to important questions that are discussed in the following:  

(i) Mass: What is the origin of mass?  

As explained above, the masses of particles and the hierarchy of particle 
masses and – linked to this – the question on the existence of the Higgs par-
ticle is one of the key questions of today’s particle physics.  
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(ii) Unification: Can the different interactions be unified?  

Another important question is linked to the origin and interplay between the 
various forces. We seem to live in a universe with four different forces that 
act on matter particles. As the universe was still young and much hotter than 
today, the forces might have acted as one single, unified force. Particle phys-
icists hope to find a theoretical description that contains such unification.  
Much interest in this respect is created by so-called supersymmetric theories 
(or SUSY), which are considered by many theorists as an attractive exten-
sion of the standard theory. In this theory, every particle is assigned a super-
symmetric partner particle. These particles can play an important role in the 
explanation of the observed Dark Matter in the universe.  

(iii) The generation problem: why are there three generations of particles?  

This question is ultimately linked with the symmetry between matter and 
antimatter, or the question of why we exist at all. After the Big Bang matter 
and antimatter should have been produced in equal amounts. Only a small 
asymmetry between matter and antimatter, the so-called CP asymmetry, 
could have prevented a complete annihilation such that an excess of matter 
over antimatter remained. However, the origin of CP violation is still un-
known.  

(iv) Structure of space-time: are there additional spatial dimensions?  

The so far developed view of the world has been confronted recently with a 
surprising alternative. So far it was assumed that the strength of gravitation 
will only be comparable to the strength of the other interactions at energies 
around 1019 GeV. In an alternative approach, gravitation appears to be strong 
already at much lower energies. However, in such a scenario additional 
space dimensions appear. Gravitation, as it would appear in our four-
dimensional world, would only be a projection of a higher-dimensional 
world and as such only apparently weak. 

In addition, astrophysics and cosmology have raised important questions 
that are linked to particle physics. The central questions are those of the na-
ture of Dark Matter and Dark Energy.  

(v) What is the nature of Dark Matter and Dark Energy?  

Astronomy and astrophysics have established that about 24% of the energy 
density of the universe exists in form of unknown, dark matter. It constitutes 
a sort of matter that does not consist of protons and neutrons and is not visi-
ble, i.e. it does not interact with photons. The existence of dark matter has 
been proven via gravitational effects. Supersymmetric theories, in which the 
lightest supersymmetric particle is stable, could be a solution to this prob-
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lem. If such particles exist, they might be produced at the LHC (see Section 
8.6 below).  

A profound question is also raised by observations in astrophysics and 
cosmology. The energy density of the universe seems to be dominated by an 
extraordinary form of energy, so-called dark energy. This entire new form of 
energy − that is already contained in Einstein’s equations of general relativi-
ty in form of a cosmological constant − is responsible for a continuous ex-
pansion of the universe, for which evidence has been found. Dark energy is 
one of the big puzzles of physics and no convincing solutions have been 
found so far.  

8.6. The Large Hadron Collider (LHC) and the ATLAS 
Experiment 
The Large Hadron Collider (LHC) at CERN is the world largest particle 
accelerator. It was constructed over a period of 12 years and started opera-
tion with proton-proton collisions at an energy of 7 TeV in March 2010. In 
coming years, the energy will be doubled such that new particles with mass-
es up to 2-3 TeV/c2 can be discovered. In this mass range, answers to some 
of the questions listed above are expected to be found. 

8.6.1. The Accelerator 
In the LHC, a large number of protons (2,830 bunches with about 1011 pro-
tons per bunch) in two beams are collided head-on at a centre-of-mass ener-
gy at 7 TeV and 14 TeV respectively. The accelerator was installed in an 
existing tunnel − which was used before by the previous accelerator, the LEP 
collider − with a circumference of 27 km (see Figure 8.5). Superconducting 
magnets produce an extremely high magnetic field of 8.3 Tesla, needed to 
keep the high-energy particles on a circular orbit. The LHC is operated at a 
temperature of 1.9 Kelvin (-271.3 degrees Celsius) and constitutes the 
world’s largest superconducting facility. The challenging technical devel-
opments needed to build this accelerator were carried out in an intensive 
research and development program, partly in cooperation with European 
industry.  
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Figure 8.5. Aerial View of the Location of the Large Hadron Collider on the Plain 
between Lake Geneva and the French Jura Mountains  

Note: The view is facing south and shows the city of Geneva and Lake Geneva in 
front of the French Alps. The circumference of the LHC is 27 km. 

Source: CERN. 

Since interesting physics processes occur rarely, the flux of the colliding 
protons, measured in terms of the luminosity of the accelerator, has to be 
high, such that a sizeable number of the new particles can be produced and 
detected. The LHC luminosity has a design value of 1034 cm-2 s-1. This is 
about a factor of 20 above values reached in previous accelerators. The 
bunches of protons traverse the ring with a velocity close to the speed of 
light and follow each other with a distance of 7.5 m. This implies that colli-
sions are produced every 25 ns, which leads to 40 million collisions per se-
cond. In every collision, about 1,600 particles are produced that have to be 
detected in the experiments. The various components of these experiments 
(or detectors) deliver electrical signals that allow for a fast and efficient se-
lection of interesting events, precise measurements of interesting properties 
of the produced particles, like momentum and energy, and the recording of 
this information on storage media.  

8.6.2. The ATLAS Experiment 
The ATLAS experiment has been constructed as one of two general-purpose 
detectors at the LHC. The detector is designed to cover the many facets of 
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the LHC physics program and to measure the corresponding signatures (see 
Figure 8.6). This is achieved by a nearly complete detection of all interesting 
particles, in particular leptons, with high momenta and a nearly complete 
measurement of the energy of the particles produced in the collisions. The 
latter allows for the detection of particles that interact only weakly with the 
detector and carry away energy and momentum, like neutrinos or hypothetic 
supersymmetric particles.  

 
Figure 8.6. Schematic View of the ATLAS Detector, with a Total Length of 46 m and 
a Diameter of 25 m 

Note: In the central region, the various detector components are arranged cylindri-
cally around the beam pipe, in which bunches of protons are accelerated and collide 
in the centre of the detector. 

Source: The ATLAS collaboration. 

With a total length of 46 m and a diameter of 25 m the ATLAS detector is 
the largest detector built so far (see Figure 8.7). The construction was carried 
out in a collaboration of 170 universities and research institutes and about 
2,200 physicists. Uppsala University belongs to the founding institutions of 
the ATLAS collaboration and has contributed significantly to both the con-
struction of important detector components and the investigation of the phys-
ics potential. Also in the area of detector technology, an intensive research 
and development program was carried out to master the demanding require-
ments in terms of precision, speed, radiation resistance and many others.  
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Figure 8.7. The ATLAS Experiment During the Assembly Phase in October 2005  

Note: Visible are the superconducting magnets that form the magnetic field for the 
muon detection and surround the calorimeters and the inner detector cylindrically.  

Source: The ATLAS collaboration. 

The ATLAS detector consists of three major components: the inner detector, 
the calorimeters and the muon detection system (see Figure 8.6). In the inner 
detector, the spatial coordinates of particles are measured with a precision of 
15-20 μm using silicon semiconductor detectors embedded in a 2 Tesla 
magnetic field. The high granularity of these detectors, with about 150 mil-
lion components with structure sizes as small as 50 μm x 400 μm, allows for 
an efficient reconstruction of the tracks of charged particles and for the 
measurement of their momenta. The particle energies are measured in the 
calorimeters. They consist of a sampling of lead or iron and liquid argon. 
Due to interactions in these materials, all particles − except muons and only 
weakly interacting particles − deposit their total energy in the calorimeters 
and are stopped. The deposited energy is measured via ionisation signals in 
the liquid argon. Because of their high mass, compared to electrons, the in-
teraction of muons with the detector materials is relatively small, and they 
penetrate the inner detector and the calorimeters without too much loss of 
energy and are finally detected in large dedicated muon detectors outside the 
calorimeters (see Figure 8.6 and 8.7).  
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8.7. What Answers Can Be Expected from ATLAS?  
The search for the origin of mass and the search for new physics beyond the 
standard theory are the main physics objectives at the LHC. In the following, 
first results and experiences from the ATLAS data taking in 2010 are pre-
sented. In addition, it is illustrated what potential the ATLAS experiment has 
in the search for the Higgs particle and in the search for supersymmetric 
particles. This potential was estimated using Monte Carlo simulations, which 
were carried out during the design and optimization phase of the detector.  

8.7.1. First Results from the ATLAS Experiment  
The LHC and the corresponding experiments started data taking very suc-
cessfully at high energies of 7 TeV in March 2010. It was impressive to see 
that the performance of the detectors was according to expectations and was 
understood within a very short time. Meanwhile, all important known parti-
cle physics signatures so far have been established. Among them are meas-
urements of the W and Z particles as well as of the top quarks. As an illustra-
tion, Figure 8.8 shows one of the first candidates for a produced W particle 
that decays into an electron and a neutrino. 

All measurements performed so far are in good agreement with the stand-
ard theory. The data taking will continue with much higher luminosities in 
2011 and 2012, and the exploration of new mass ranges, i.e. unknown terri-
tory, will begin.  

8.7.2. Expectations on the Search for the Higgs particle 
As described above, the experiments at the LHC must be capable of clarify-
ing whether the standard hypothesis on the origin of mass, i.e. the Higgs 
mechanism, is realized in Nature. Therefore, they must be capable of discov-
ering the Higgs particle over the entire allowed mass range up to about 
1 TeV/c2.  

In the standard theory, the couplings of the Higgs particle to leptons, 
quarks and the force carriers are precisely specified. Therefore the produc-
tion rates of the Higgs particle in proton-proton collisions can be reliably 
calculated. The standard theory also specifies that the Higgs particle decays 
immediately (lifetime of 10-25 s) into known particles. The fractions of the 
various decay possibilities can also be calculated such that a clear search 
strategy was developed. If the Higgs particle is heavy (mH > 2 mZ), decays 
into pairs of W and Z particles dominate. Since these particles can decay into 
leptons, the detection of the Higgs particle is straightforward. Leptons can be 
measured with high precision and can be well separated from the much larg-
er background processes that involve quarks and gluons.  
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Figure 8.8. One of the First Candidate Events for a Produced W Particle in the 
ATLAS Experiment, Recorded in April 2010 

Note: The W particle decays into an electron and a neutrino, W → eυ. The tracks of 
charged particles produced in the collision are reconstructed in the inner detector 
(in blue, curvature due to the deflection in the magnetic field). The electron (in yel-
low) has a high energy (visible via the weak curvature) and deposits its energy in 
the calorimeters. The neutrino (marked as dashed red line) leaves the detector with-
out interaction. Its appearance is inferred from the energy imbalance in the plane 
transverse to the beam direction.  

Source: The ATLAS collaboration. 

In the low mass range (mH < 2 mZ) the detection is more complicated, since 
decays into the heavy b-quarks dominate. Since this signature cannot be 
identified, given large backgrounds from direct production of b-quark pairs 
where no Higgs particle is involved, more rare processes like H → γγ have to 
be exploited.  

The studies performed over the past few years have demonstrated that the 
Higgs particle, should it exist, can be detected at the LHC over the entire 
mass range in question. In Figure 8.9 it is shown how the Higgs particle 
would appear on top of known background processes. For all measured 
events with four leptons in the final state the invariant mass of the leptons 
can be reconstructed and the corresponding distribution is displayed. Known 
background processes would produce four leptons mainly via the non-
resonant production of pairs of Z particles. The distribution shown in green 
would be reconstructed if no Higgs particle is produced. If, on the contrary, 
the Higgs particle exists, its existence would be clearly indicated by an ex-
cess of events at a certain mass above the background from standard pro-
cesses. As an illustration, the blue signal peaks show how a Higgs particle 
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with a mass of 150 or 300 GeV/c2 would appear in the reconstructed mass 
spectrum.  

 
Figure 8.9. The Expected Distribution (from Simulation) of the Mass of Four Lep-
tons Measured in Events in the ATLAS Detector at the LHC 

Note: If no Higgs particle is present, the distribution in green, resulting from the 
non-resonant production of pairs of Z particles, is expected to be measured. The 
Higgs particles would show up as a peak above the expected mass distribution at the 
mass of the Higgs boson. For illustration, Higgs signals are indicated for masses at 
150 and 300 GeV/c2. 

Source: The ATLAS collaboration. 

8.7.3. Expectations on the Search for Supersymmetric Particles  
So far none of the postulated supersymmetric particles has been detected in 
the existing accelerators. Given its high energy, the LHC has the potential to 
explore an entirely new energy domain at the TeV-mass scale.  

The largest production rates at the LHC are expected for the partner parti-
cles of quarks and gluons. They are expected to decay via cascades into the 
lightest supersymmetric particle, which is expected to interact only weakly. 
It will leave the detector without interaction and will carry away energy and 
momentum. Signs of supersymmetry are therefore expected to show up at 
the LHC as an excess of events with large missing energy (see Figure 8.10).  
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Figure 8.10. Expected Distributions of the “Missing Energy” Measured in the Plane 
Perpendicular to the Beam Axis 

Note: If only standard processes are present the olive-green distribution would be 
measure;if supersymmetric particles are produced, the red distribution would ap-
pear. 

Source: The ATLAS collaboration. 

The combination of large production rates and the striking signature of 
“missing energy” allows for an efficient detection of supersymmetric parti-
cles at the LHC, if they exist. Detailed studies have shown that such particles 
can be detected with masses up to 2-3 TeV/c2.  

Finally, a study of the properties of such new particles has to be per-
formed to prove eventually, in combination with astro-particle physics ex-
periments, that they are identical to those forming the Dark Matter in the 
universe.  

8.8. Conclusions  
Over the past centuries, Natural Sciences have enormously advanced our 
knowledge and significantly shaped life and society and will continue to do 
so. There were and there are fascinating, fundamental questions like the 
questions on the origin of the universe, on the fundamental laws of nature, 
and on the origin of life. With the start of operation of the Large Hadron 
Collider at CERN, physics has entered a new era and ground-breaking dis-
coveries are expected to be made during the forthcoming years, which might 
change our understanding of Nature.  

Besides the fundamental research in particle physics described to some 
extent here, many important research lines are followed in other branches of 
Natural Sciences. Among the most important ones are: the study and appli-
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cation of quantum effects (quantum information, cryptography), research on 
energy conversion and storage (methanol economy, battery technology, solar 
energy) in chemistry and the developments of new materials with application 
specific properties in materials science. 

8.9. Comments by Hans Siegbahn31 
As described in the article by Karl Jakobs, the spectacular development in 
our understanding of fundamental natural science during the last century has 
been intimately tied to the development of particle accelerator technology. It 
is noteworthy that this development has also become a cornerstone not only 
in fundamental physics, but also in the other branches of natural science. 
This progress is related to a particular type of accelerator devices, so-called 
electron storage rings. These produce, via the accelerated motion of the elec-
trons stored in these devices, a strong emission of light, synchrotron radia-
tion. This light, ranging from infrared wavelengths to X-rays, constitutes a 
powerful source for studies in wide areas of the natural sciences. Today, a 
state-of-the-art synchrotron light source attracts a broad range of scientific 
communities. The driving forces of development represent a unique symbio-
sis between accelerator design and the ultimate user demands on the result-
ing synchrotron radiation.  

Synchrotron radiation-based macromolecular crystallography has revolu-
tionized the ability to determine the structure of biomolecules, such as large 
macromolecular complexes, which are essential to the understanding of life 
processes, and therefore has had an immense impact on central areas in biol-
ogy. Examples are the structures of the ribosome, studies using synchrotron 
radiation which were awarded the 2009 Nobel Prize in Chemistry to Venka-
traman Ramakrishnan, Thomas A. Steitz, Ada E. Yonath (see Figure 8.11). 

The science in this area is addressing the understanding of the function of 
macromolecules by determining their structures. The specific types of prob-
lems targeted include large macromolecular complexes, membrane proteins, 
viruses and viral proteins, time-resolved studies of reaction mechanism in 
enzymes, and – when possible – structure determination at atomic resolution 
(<1 Å). All these areas are highly important in present and future molecular 
biology and medicine. For example, it is estimated that 50% of the targets 
for current medical drugs are membrane proteins, yet the number of studied 
membrane protein structures is very low as compared to non-membrane pro-
teins. Even structural genomics efforts have not yet begun to overcome this 
problem. Another important area is that of drug design, where the urgent 
issue of antibiotic resistance requires knowledge of how new antibiotic drugs 
interact with large complex biomolecules.  

                               
31 E-mail: hans.siegbahn@fysik.uu.se.  
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Figure 8.11. Studies of the Structures of the Ribosome Using Synchrotron Radiation 

Source: www.nobelprize.org/nobel_prizes/chemistry/laureates/2009/popular.html, 
accessed February 5, 2012. 

Another topical field for synchrotron-radiation-based studies is that of nano-
science, which is growing exponentially and encompasses structures such as 
nanotubes, nanowires, new oxide materials, quantum dots, clusters, and oth-
er low-dimensional forms of matter. It opens new insights and possibilities 
in electronics, magnetism, metals and alloys, ceramics, and other areas. Pro-
gress in nanoscience and nanotechnology is also likely to have a large im-
pact on reducing energy consumption, e.g. in catalytic processes and in en-
ergy storage devices. Nanomaterials have revolutionized the science of ca-
talysis, for instance, by providing new methods for producing catalysts with 
more accessible surface area, and for controlling their crystallographic struc-
ture, size, shape, alloy content, and array organization. Many materials ac-
quire new chemical properties at the nanoscale, related to the size-
dependence of their electronic structure. One particular example, awarded 
the 2010 Nobel Prize in Physics to Andre Geim and Konstantin Novoselov is 
that of graphene, a two-dimensional material consisting of single atomic 
sheets of carbon (see Figure 8.12). This material exhibits extraordinary 
properties in terms of electronic behaviour, optical and mechanical charac-
teristics. Its strength is two orders of magnitude greater than that of steel. 

 

X-ray diffraction pattern Ribosome structure 
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Figure 8.12. Graphene: Single Atomic Layer of Graphite Carbon 

Source: www.nobelprize.org/nobel_prizes/physics/laureates/2010/popular.html, 
accessed February 5, 2012.  

At present, the growing field of synchrotron-radiation-based science is tak-
ing new leaps in technological development in terms of so-called 4th-
generation facilities with dramatic improvements in performance. The Swe-
dish national MAX IV project presently under construction will allow exper-
iments probing structural and physical phenomena at the nanometer scale 
and the evolution of fast dynamic processes at the femtosecond (one mil-
lionth of a billionth of a second) time scale. Thus, fundamental insights will 
be obtained to the benefit of a wide range of scientific disciplines. The new 
facility will also have a great impact on interdisciplinary research, industrial 
research and education/training of the next generation of scientists and engi-
neers. Figure 8.13 shows an artist’s view of one of the architectural designs 
of the new facility.  
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Figure 8.13. An Artist’s View of the Future MAX IV Facility 

Source: www.maxlab.lu.se/media_press/pressresources/Dagbild_Sydv2.tif, accessed 
February 6, 2012. 
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Chapter Nine  
Concluding Perspectives 

Lars Engwall, Uppsala University, Sweden32 

9.1. Introduction 
It should be evident from the previous chapters that scholarly work has un-
dergone considerable changes since the time of Erik Benzelius the Younger 
and his foundation of the Royal Society of Sciences depicted in Chapter 
One. About a century later, as pointed out by Marie-Laure Djelic, it was a 
significant event as Wilhelm von Humboldt founded a university in Berlin, 
which in many respects has become the role model for others. In this way 
education and research came to go hand in hand in many countries. This has 
been associated with a strong expansion of higher education and research all 
over the world. Some two hundred years after the foundation of the Hum-
boldt University we find in many countries a growth both in the number of 
institutions of higher education and research and in the size of these institu-
tions. This development is associated with a strong a belief in the signifi-
cance of knowledge development for the competitiveness of nations (Etz-
kowitz and Leydesdorff, 1997, and Porter, 1990). As a matter of fact one can 
even argue that modern defence policies have changed focus from soldiers 
and weapons to scholars and scientific tools (Engwall, 2005). The logic be-
hind this is not only pacifistic, but is to a large extent based on expectations 
that academic institutions will be able to deliver two significant types of 
output: (1) research results that can be developed into products that can be 
sold on the market and thereby contribute to economic growth, and (2) high-
ly competent employees for private as well as public organizations. 

In relation to these expectations, a basic question, which has been touched 
upon in most of the earlier chapters, is the governance of academic institu-
tions. It contains the fundamental issue of academic freedom, i.e. to what 
extent scholars should be autonomous in relation to external forces. In terms 
like these, social science literature makes a basic distinction between politics 
and markets as governance mechanisms (Lindblom, 1977), i.e. whether fun-
damental decisions are made by elected politicians or whether they are the 
                               
32 E-mail: Lars.Engwall@fek.uu.se.  
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result of economic preferences of single individuals in markets. In addition, 
a third governance mechanism can be observed in modern society, the press 
(see e.g. Siebert, Peterson and Schramm, 1956) or more recently the media, 
thereby including a number of other media channels: radio, television, and 
various electronic means of communication. 

In view of the above background it appears appropriate in a concluding 
chapter to look more closely at the relations between academic institutions 
and the three fields of governance mentioned (see Figure 9.1). In so doing, 
the chapter will first in the following Section 9.2 summarize developments 
in the field of academic institutions on the basis of the earlier chapters. Then 
in the three following sections 9.3-9.5 each of the three fields of governance 
will be elaborated upon, first in terms of their general development and se-
cond in terms of their impact on academic institutions. Finally, in Section 9.6 
conclusions are provided. 

 

 
Figure 9.1. The External Governance of Academic Institutions 

9.2. Developments among Academic Institutions 
Academic activities can be pursued in universities as well as in research 
institutes. Some countries like Sweden have chosen the Humboldtian model 
to combine research and education in universities and university colleges. 
Other countries have a strong institutional sector, like Germany, notably the 
home country of Wilhelm von Humboldt, with the Max Planck and Frau-
enhofer institutes (Engwall and Lindqvist, 1990a and b). However, irrespec-
tive of the organizational solution, research activities, which have been in 
focus for the present volume, are associated with high uncertainty. This is 
the case since on the one hand academic institutions must steer clear of any-
thing unscientific by constantly reviewing research presented to ensure that 
it follows the established rules. On the other hand, research is expected to 
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produce breakthroughs and present new, preferably pioneering, research 
findings, which entails a break with the established thinking. This is the ten-
sion that defines the cutting edge of science. Answers can never be regarded 
as definitive. Despite Anthony Campbell’s criticism of Karl Popper above, 
we may have to consider that even though all swans so far have always been 
white, a black swan might appear one day (Popper, 1959). 

At the same time both these features of research, the strong control and 
the expected breakthroughs, have been important for the rapid growth in the 
last century of academic institutions of all kinds, be they universities, univer-
sity colleges, polytechnics or research institutes. To take Sweden as an ex-
ample: the universities in Uppsala (1477) and Lund (1668) were for many 
years the only ones. However, in the mid-20th century two privately founded 
institutions in Stockholm (1878) and Gothenburg (1891) were upgraded to 
universities. A fifth university was founded in Umeå in 1965. It was fol-
lowed by the creation of university branches in Karlstad, Linköping, Sunds-
vall, Växjö and Örebro, which with the passage of time have become univer-
sities. In addition 14 university colleges were created throughout Sweden, 
one of which has been merged into one of the new universities. Counting 
also six specialized schools in the fields of agriculture, management, medi-
cine and technology, 14 specialized colleges, and 15 private institutions 
providing programs in theology, nursing, psychotherapy makes a total of 52 
institutions under the supervision of the Swedish Agency for Higher Educa-
tion (see Swedish Agency for Higher Education, 2011 and Engwall, 2007).33 
Similar developments can be observed in many other countries. 

This expansion of institutions has also entailed a strong expansion of the 
number of researchers. As a result, to quote Roger Balian in Section 4.5: 
“among the scientists active since the beginning of mankind, a majority are 
still alive”. This in turn has implied a rising competition for resources and 
prestige. A significant feature of this competition has been an increasing 
resource-intensiveness of many disciplines, particularly in the Natural Sci-
ences and Life Sciences. Karl Jakobs has demonstrated this very well by 
pointing to the changes from the early days of Kepler, Newton, Mendeleyev 
and Darwin to the Large Hadron Collider, i.e. a movement from individual 
work with limited equipment towards large groups using equipment requir-
ing huge investments. At the same time these developments appear, as Vig-
dis Ystad pointed out, to have led to a marginalization of the Humanities. 
Although they have modest resource requirements, they are losing in terms 
of demand and resource allocation. According to both an art historian like 
Martin Kemp and a physicist like Roger Balian this is a very unfortunate 
development. They therefore argue that the two cultures in the words of 
C. P. Snow (1959) should go hand in hand for the benefit of both of them. 

                               
33 As in many other countries, efforts are now made by the Government to merge some of the 
institutions (see Proposition 2011/2012:1, pp. 68-69). 
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However, this means openness for interdisciplinary work, which, despite the 
positive rhetoric around it, appears to be squeezed out by increasing special-
ization and concomitant disciplinary isolation (cf. again Roger Balian). 

Another effect of the expansion of the academic system is increasing or-
ganizing in the field. Complaints about the growing bureaucracy are there-
fore often heard among scholars (cf. Wilhelm Engström). This is associated 
with increasing efforts inside academic institutions to manage activities but 
also with increasing demands from governments, markets and the media. It 
should also be noted that increased organizing can be observed within the 
field between academic organizations. From the mid 1960s more and more 
professional scientific associations as well as formalized collaborations of 
universities have been created: for example, EUA (the European University 
Association), UNICA (the network of universities from capitals of Europe) 
and COIMBRA (an association of long-established European multidiscipli-
nary universities).  

However, as strongly stressed by Anthony Campbell, although financial 
resources are very important for the execution of research, the most signifi-
cant component for successful research appears to be curiosity. To this may 
also be added a certain stubbornness among scholars, i.e. that they believe in 
their ideas and stand by them even if colleagues are skeptical. A prime ex-
ample is the 2011 Nobel Prize in Chemistry to Dan Shechtman “for the dis-
covery of quasicrystals”, something which was once heavily criticized by his 
colleagues (Kungliga Vetenskapsakademien, 2011). Nevertheless, the pro-
fessional environment and the endless discussions with dedicated colleagues 
constitute another significant factor in scientific work. As pointed out by 
both Wilhelm Engström and Britt Skogseid coffee breaks have played a very 
important role in the development of ideas. 

The above-described professionalization of scientific work, as well as 
specialization, has tended to make research output more and more difficult 
for laymen to understand. This in turn has led to increasing demands to dif-
fuse results in a popularized form to the general public (see Anthony Camp-
bell and Roger Balian). This is not the least important for the public trust in 
academic institutions (see Roger Balian and Anders Malmberg). 

The above account has pointed out a number of changes in the field of ac-
ademic institutions. First of all, it has experienced a strong expansion in 
terms of the number of institutions and the people associated with them. 
Secondly, this expansion has created an increasing competition for resources 
and prestige, and a following marginalization of disciplines such as the Hu-
manities. Thirdly, the field has experienced increased organizing within in-
stitutions as well as among them. Fourthly, the curiosity of scholars and 
research environments still play a significant role for scholarly success. 
Fifthly, and finally, the professionalization and specialization of research 
make popularization of research results highly significant. With these con-
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clusions in mind we can now move to the fields of governance and among 
them first to governments. 

9.3. Governments 

9.3.1. General Developments 
Governments are constituted by organizations that have the jurisdiction to 
govern a certain territory, a country, a county or a municipality. In democrat-
ic systems these governments often contain counterbalancing forces (Her-
mansson, 1999). The constitution of the United States thus, in the spirit of 
Baron de Montesquieu’s De l’esprit des lois (1748), identifies three branches 
of government: the Executive, the Legislative and the Judicial branches. 
Other countries, like the Scandinavian ones, apply the principle that all pow-
er comes from the people, i.e. that the elected Parliament is sovereign. How-
ever, in practice even in such systems there are more or less counterbalanc-
ing forces between the Parliament, the Cabinet, and Courts. Particularly for 
the latter it is stressed that they must be independent of political considera-
tion. In recent years there has also been a movement in many countries to 
give a similar independence to the Central Banks in order to make their con-
siderations regarding monetary policy more long-term (cf. e.g. Walsh, 1995). 

In Europe the creation of the European Union in 1993 has created an ad-
ditional feature in terms of political governance, which in certain respects 
implies a supranational power – not without problems as the events of the 
fall of 2011 have shown – for the member states. In addition, there are also 
other strong transnational forces in terms of more or less soft regulation 
emerging from various kinds of international organizations (Djelic and 
Sahlin-Andersson, 2006), not least from those working for standardization 
(Brunsson et al., 2000) and ethical behaviour (Windell, 2006). 

In principle modern governments can be said to have two significant 
tasks: (1) to establish the rules for human behaviour in their jurisdiction and 
to enforce that these rules are obeyed, and (2) to collect financial resources 
from the citizens and to allocate these resources in accordance with public 
preferences. The first of these tasks implies decisions to what extent gov-
ernments should intervene in the conditions of individuals and organizations. 
The last few decades have demonstrated an increasing emphasis on deregu-
lation, i.e. to limit the rules and regulations. A prime example has been the 
deregulation of the financial sector (cf. e.g. Engwall, 1994 and 1997). In 
terms of the second task, a fundamental question concerns the trust of tax-
payers, i.e. the extent to which citizens believe that others are paying taxes 
and that the tax money is not disappearing in the pockets of civil servants or 
is spent in an inefficient way (Rothstein, 2011). 



 182 

Before the Second World War and for some time after, most countries 
were operating with detailed budgets, which gave few degrees of freedom 
for government agencies. However, with growing economies this was no 
longer feasible. In addition, beginning in the Department of Defense during 
the tenure of Robert McNamara, the focus was moved from controlling the 
input towards controlling the output of government organizations (cf. e.g. 
Hitch, 1965). This in turn has led to a strong development of various evalua-
tion procedures for the purpose of determining whether government agencies 
had fulfilled their assignments. With the passage of time this has also led to 
an increasing tendency to put public services under competition. The border-
lines between the jurisdiction of governments and markets have in this way 
become blurred. At the same time public organizations have more and more 
adopted modern management methods, principles often characterized as 
New Public Management (NPM, cf. e.g. Christensen and Lægreid, 2011). 

The above implies that governments have undergone a number of changes 
since the Second World War. First, an increasing internationalization in 
governance can be noted. In Europe the creation of the European Union has 
been a very significant event in that context. However, worldwide we see 
increasing transnational governance from various international organiza-
tions. Secondly, the same period has implied deregulation as well as decen-
tralization of resource allocation. Governments have thus decreased the de-
gree of detailed governance and instead left to public organizations to solve 
the means to reach specified goals. Thirdly, public organizations have in-
creasingly become subject to competition and have adopted management 
principles from the private sector. 

9.3.2. Governments and Academic Institutions 
There can be no doubt that the expansion of the field of academic institutions 
discussed in Section 9.2 is related to government action. National govern-
ments are, as mentioned by way of introduction, looking upon such institu-
tions as significant vehicles for competitive advantages. In many countries 
national governments are also extremely important for academic institutions 
because of their power to grant the right to issue degrees. As a matter of fact, 
this constitutes a very significant barrier to entry for outsiders, such as cor-
porations, consultancies, etc., who would like to enter the academic market. 

The strong belief in the value of academic institutions is not restricted to 
the national level, however. It is also common among regional and local 
politicians, who, irrespective of political affiliation, form alliances to bring 
academic institutions to their part of a country. In this way, we have seen in 
many countries a diffusion of academic institutions from earlier centres to 
new areas. This expansion of the academic system by number of institutions 
as well as geographical location has entailed difficulties in funding all of 
them in the same way. It has also, as pointed out by Roger Balian, implied 
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that there are risks of too much hope as well as too much fear in relation to 
scholarly action (see also Haynes, 1994). 

A key issue has then been how research resources should be allocated. 
Since national political bodies will have difficulty taking such decisions, 
governments have increasingly turned to the market for resource allocation. 
The deregulation and decentralization of resource allocation pointed out in 
the previous section have thus occurred also in the academic system. It has 
implied that block grants to an increasing extent have been replaced by pro-
ject grants. The latter, originally introduced to supplement block grants, have 
become a favoured form of financing justified by the argument that research 
money should be gained in competition. As block grants have been cut back, 
research councils and foundations have simultaneously received an increas-
ing number of applications. This in turn has led to arguments within financ-
ing bodies that they have to think big, i.e. to provide large sums to a few 
groups, often labelled as centres of excellence. Needless to say, these 
tendencies are dangerous for the recruitment of the next generation of schol-
ars, who are likely to face difficulties in the competition. On top of that 
scholars, like Anthony Campbell, express doubts as to the accuracy of the 
current peer-review system as a result of huge overload and declining will-
ingness of the most competent reviewers to evaluate proposals as well as a 
declining quality in the assessments. Likewise, there is scepticism towards 
the ambitions of governments now and then to define strategic areas, which 
they believe will be good for innovation, and to channel huge resources into 
them (cf. Hans Ellegren). 

As also pointed out in the previous section the decentralization of re-
source allocation in the public sector has gone hand in hand with an increas-
ing performance control. The field of academic institutions is no exception 
to this development. Present-day research is increasingly monitored by for-
mal review processes. This tendency may not at first seem remarkable since, 
over the centuries, scientific work has been subject to critical peer scrutiny. 
Such scrutiny, however, has usually been internal and cannot meet govern-
ment’s calls for transparency and responsibility. It also has difficulties han-
dling resource allocation between different disciplines, particularly realloca-
tion at times when university leaders are expected to act strategically. As a 
result, a number of formal evaluation instruments have been developed. In 
some countries, such as the United Kingdom and Australia, these evaluations 
have had far-reaching consequences for resource allocation (see e.g. Whitley 
and Gläser, 2007 and Whitley, Gläser and Engwall, 2010). In other coun-
tries, such as Sweden, the consequences have so far been more indirect 
through an increasing number of evaluations, pressures to publish in top 
journal and to attract external funds, etc.  

Needless to say, performance control in academic systems is difficult both 
for education and research, since both are associated with high uncertainty. 
For both it might take some time before it is possible to determine success: 
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i.e. whether students were well prepared for the labour market or whether the 
research produced any significant results. For the latter the evaluations have 
become particularly problematic as scholars to a considerable degree are 
stuck between Mode 1 and Mode 2 philosophies. On the one hand, funding 
to an increasing extent is based on Mode 2 arguments of industrial innova-
tion; on the other hand, scholars are more and more evaluated on the basis of 
a Mode 1 model through their publishing in prestige journals. 

In conclusion the reasoning above implies that governments have been 
and will be important for academic institutions. However, it is also evident 
that academic institutions have been facing the same tendencies as the rest of 
modern societies: deregulation and decentralization of resource allocation as 
well as increasing performance control. This in turn constitutes a movement 
for academic institutions towards more of market solutions, the topic for the 
following section. 

9.4. Markets 

9.4.1. General Developments 
While democratic governments are based on the idea that individuals can 
elect their representatives in regularly held general elections, the market is 
characterized by the freedom for individuals as well as organizations to buy 
goods and services they prefer within the limits of their economic resources. 
However, markets also imply that these individuals and organizations may 
offer their goods and services to buyers. Market solutions then imply that 
buyers and sellers can make a deal to the satisfaction of both parties. 

The ideal image of markets is that of free competition. It contains a multi-
tude of buyers and a multitude of sellers. As a result neither individual buy-
ers nor individual sellers are able to influence market price. In reality the 
closest we get this type of market are various auctions (cf. e.g. Milgrom, 
2004 and Wilson, 1977 and 1978). However, even here the equality between 
actors can be questioned. Obviously, the free competition model is best suit-
ed for homogeneous products, which are not associated with uncertainty 
regarding the quality. Needless to say, the recent development of infor-
mation technology has provided improved conditions for competitive solu-
tions. 

Many markets are far from being characterized by free competition, how-
ever. Observers as early as Karl Marx in Das Kapital (1867) pointed to the 
tendencies for concentration of financial capital. He was followed by a num-
ber of authors, who successively pursued the idea of monopoly capitalism 
(cf. e.g. Veblen, 1904; Hilferding, 1910; Berle and Means, 1932; Baran and 
Sweezy, 1966; Galbraith, 1967; and Braverman, 1974). Simultaneously a 
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number of measures were undertaken particularly in the United States 
against the building of trusts: the Sherman Act of 1890, the Clayton Act as 
well as the Federal Trade Commission Act of 1914 (Scherer, 1970, p. 422). 

Significant contributions to our understanding of markets were provided 
in the early 1930 independently by Edward Chamberlin and Joan Robinson, 
who presented theories for competition in markets with a limited number of 
sellers (Chamberlin, 1933 and Robinson, 1933). Through their work it was 
evident that in monopolistic competition (Chamberlin) or imperfect competi-
tion (Robinson) sellers may observe each other and adapt to the behaviour of 
their competitors. In the case of a dominant seller it can be expected that the 
others are forced to adapt to their superior competitor. The interaction in 
markets thereby can be looked upon as an interactive game between limited 
numbers of actors. Game theory has therefore become a prominent tool in 
more recent work on industrial organization (cf. e.g. Tirole, 1988). 

In economic analysis the focus is on price and output. However, studies 
of concentrated markets show that follow-the-leader behaviour is also true 
for other competitive aspects such as product content. Research on newspa-
per markets thus demonstrates that dominant actors tend to force smaller 
actors to follow suit in terms of content. Through its larger circulation, i.e., 
by reaching and making impressions on more people, the largest newspaper 
in a market − in accordance with the reasoning of Berger and Luckmann 
(1967) about the social construction of reality − has a stronger impact on 
how the public defines a newspaper. If the smaller newspapers do not match 
the largest one, they lose in trust and thereby in circulation (see further 
Engwall 1981).  

Similarly, studies of banking have shown how banks follow each other in 
their internationalization in order to demonstrate trust in their operations. As 
financial markets were deregulated, banks found it important to add branches 
or subsidiaries in financial centres around the world in a pattern of tit for tat 
(Engwall and Wallenstål 1988). Related mimetic behaviour has also been 
observed in terms of lending in the deregulated banking markets (Engwall 
1994; 1997), and with respect to the diffusion of management ideas 
(Engwall and Kipping 2006). In all cases, there is evidence of mimetic forc-
es in markets. As a result it can be argued that, contrary to the argument that 
market solutions provide variation, there is in concentrated fields a vast risk 
for the opposite to occur. 

Another complication in relation to market transactions, which research 
particularly on industrial markets has revealed, is that buyers and sellers tend 
to have long-term relationships (cf. e.g. Håkansson, 1982). Such behaviour 
can easily be explained by the uncertainty associated with heterogeneous 
products, where buyers have an interest in limiting the risk of finding un-
pleasant surprises in their production process. In addition, it has been shown 
that such long-term relationships are beneficial for innovations (Håkansson, 
1989). 
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While there was a considerable criticism towards large corporations in 
general, and multinationals in particular, during the first decades after the 
Second World War (see above), the pendulum seems to have swung in an-
other direction during the decades from the 1980s and onwards. Deregula-
tion and market solutions have instead been the gospel in many countries. In 
addition, as mentioned above in relation to governments, public agencies are 
increasingly adopting management principles used by corporations. 

From the above we can draw three conclusions. First, the market model is 
built on the idea of a free competition in an atomistic system, where each 
actor is a price taker. This idea has been challenged by a number of scholars 
during the twentieth century, who have pointed to tendencies of concentra-
tion and the dominance of a few actors. Secondly, research has revealed that 
such concentrated markets appear to lead to homogenization rather than var-
iation due to mimetic behaviour. Thirdly, market solutions have nevertheless 
been introduced to an increasing extent since the 1980s and onwards. 

9.4.2. Markets and Academic Institutions 
In the discussion in Section 9.3.2 about the relations between governments 
and academic institutions it was pointed out that these have long been signif-
icant. In many countries governments are key financing bodies as well as 
providers of legitimacy through the right to grant degrees. At the same time, 
as also mentioned above, governments have introduced more of market 
mechanisms in resource allocation. However, even if this is a considerable 
transformation, as pointed out above by Marie-Laure Djelic, it has to be kept 
in mind that academic institutions have been associated with markets for a 
long time. There has always been a competition for talented students and 
qualified faculty members as well as for resources. The major change is an 
increased intensity in the competition, which to a considerable extent is re-
lated to the expansion of the system. This in turn has led to considerable 
marketing efforts, i.e. to present oneself as an institution superior to competi-
tors. Prospective students are told in pamphlets about the great opportunities 
offered by each institution. In the same way communications departments of 
the academic institutions are promoting the image of excellent research envi-
ronments in order to attract faculty members and research grants (Engwall, 
2008).  

Basically the efforts described imply a competition for trust, a property 
that is of key importance in higher education and research. As mentioned 
above in Section 9.3.2, it has such strong significance because of the high 
uncertainty associated with both these major activities of academic institu-
tions. In terms of higher education trust is important, because prospective 
students by definition are uninformed customers. First, they should not know 
the content of the education they are choosing. If they did there would no 
meaning to take it. Secondly − even if a student likes an education very much 
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− he or she will not take it once more. Thirdly, alumni tend to be very re-
strictive in their criticism of their education, since that would be negative for 
their career. Fourthly, the quality of an education in terms of career success 
will only be evident after many years. All this means that the market for 
students is very much based on the reputation of various academic institu-
tions. And here, older institutions tend to have what Oliver Williamson 
(1975) mentions as “first mover advantages” by having more alumni on the 
labour market who can hire their followers. 

In a similar way older academic institutions have an advantage in terms of 
research, since they have been pursuing research activities for a longer time 
and in this way have been able to produce more research and to build a re-
search culture. This is important since research activities are also associated 
with high degrees of uncertainty due to the fact that research is designed to 
lead to knowledge that has not been available before, preferably knowledge 
that implies a scientific breakthrough. A further complication, like for educa-
tion, are the difficulties in evaluating results in the short run; research efforts 
require long-suffering work. In times of what has been termed quarterly cap-
italism (Barton, 2011) this may not be widely understood. 

A consequence of the significance of trust is that the field of academic in-
stitutions exhibits to a large extent the mimetic behaviour discussed above in 
Section 9.4.1. Less prestigious institutions are looking at more prestigious 
institutions and, even though the former argue that the latter (the old ones) 
are tired and non-innovative, they are eager to adapt the features of the pres-
tigious ones: Ceremonies, attributes, procedures, etc. However, there is also 
evidence that the imitation may go in the other way: as Swedish universities 
and university colleges were assigned external chairpersons, those of the 
latter were more numerous, thereby making the university chairpersons be-
lieve that search consultants would be a good idea also for universities 
(Engwall, 2007).  

In concluding we can note that, although academic institutions have been 
facing markets for students, faculty and resources for a long time, the com-
petition has become stronger and more open in the last few decades. This has 
led to strong efforts by university leaders to build trust in order to make their 
institutions more attractive. As already indicated above, media relations, 
which will be dealt with in the following section, have been very important 
in this context. 
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9.5. Media 

9.5.1. General Developments 
Although the press has been important for information diffusion and the 
scrutiny of people in powerful positions for centuries, the role of the modern 
media is considerably stronger. Today the information flow is significantly 
faster and more voluminous. At the same time the means of diffusion have 
changed. The newspaper industry, which was expanding before the Second 
World War, has since then faced a large number of closures. This has even 
led to the prophecy of the ultimate death of the printed newspaper. Although 
facing problems, newspapers are still published, on paper but also through 
the Internet. At the same time there is also an expansion of the media market 
with an increasing number of titles published as well as a rapid diffusion of 
news, comments and entertainment through various electronic channels. As a 
result the modern world has been characterized as a media society (cf. e.g. 
Croteau and Hoynes, 2003). 

The media society has not only implied more output, it also means that 
media workers are better educated than their predecessors and have devel-
oped into a community of practice (Wenger, 1998). This in turn has implied 
a tougher attitude towards those in power. As a result the latter have increas-
ingly made efforts to protect themselves against disadvantageous coverage. 
They, both in the political sphere and the business sphere, have thus increas-
ingly tended to employ information officers, who can comment on behalf of 
the Minister or the Executive, can pen press releases and arrange press con-
ferences. The latter implies that Ministers and Executives are prepared for 
their appearances. Another strategy for the same purpose is media training, 
i.e. that people, who risk being confronted with journalists go through pro-
grammes where they are exposed to aggressive journalists in role-plays in 
order be able to handle possible crisis events.34 

However, organizations are not only reactive. They are also to a consider-
able and increasing extent proactive by presenting themselves to various 
stakeholders and the general public. Earlier this was mainly associated with 
various products, which were marketed through advertising. Such promotion 
efforts have become more focussed with the passage of time and have to an 
increasing extent been directed towards the strengthening of brands (Balmer 
and Greyser, 2003, Deephouse, 2000 and Fombrun, 1996). In other words: 
the presentation of organizations is considered more and more important. 
The visibility of organizations in terms of media hits is therefore increasing-
ly stressed among their stakeholders. A common complaint about modern 
leaders is therefore that they are not visible enough. 

                               
34 On corporate solutions to handle media relations, see e.g. Pallas (2007). 
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To conclude the above discussion we could first point out that, although 
the traditional newspaper industry is facing problems, the media industry has 
expanded considerably in the past decades. Secondly, media has become 
increasingly important for the governance of modern organizations. Thirdly, 
this development has implied that modern organizations to an increasing 
extent are making efforts to protect and promote themselves through various 
communication activities.  

9.5.2. Media and Academic Institutions 
In Section 9.3 and 9.4 it has been pointed out that academic institutions have 
long been interacting with governments as well as markets to a varying ex-
tent. There can be no doubt that the same has been true for interaction with 
the media. Since the time of Johann Gutenberg and the introduction of the 
printing press, the diffusion of research results through publications has con-
stituted a significant feature of scientific work. At the time of the foundation 
of the Royal Society of Sciences in the early eighteenth century printers 
were thus vital for the diffusion of the findings of scholars like Celsius and 
Linnaeus (cf. Ulf Göranson). They were also essential for learned societies, 
such as the Royal Society of Sciences, which for a long time were key pub-
lishers of scientific work. 

The modern media landscape is quite different from that of the eighteenth 
century. Today academic publishing is dominated by large publishing hous-
es, which have two major products for the academic market: textbooks and 
journals. In terms of the first, the expansion of the market is clearly associat-
ed with the above-mentioned expansion of the field of academic institutions. 
The prospective customers in the form of students have thereby increased 
immensely, a circumstance which has created economies of scale for best-
selling textbooks. In this market it is obvious that the relationship between 
publishers and scholars is of prime significance: the latter constitute authors 
or prospective authors of textbook, but are also key persons as gate-keepers 
to the reading lists within curricula. In this way publishers and scholars live 
in a type of symbiosis. 

The symbiosis between publishers and scholars seems even stronger when 
it comes to journals. Behind this we can see a number of factors. First of all, 
the above-mentioned expansion of the field of academic institutions is very 
important. The number of researchers wanting to diffuse their findings is 
simply growing at a rapid pace. Secondly, specialization within various dis-
ciplines has created a pressure to provide new outlets to manifest the institu-
tionalization of each speciality. Thirdly, and perhaps most important, the 
previously mentioned development of performance control has been instru-
mental for an increasing demand for journal publication. There is thus clear-
ly a strong pressure from scholars to increase the possible outlets for re-
search results. However, it may not be as clear why publishers are meeting 
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this demand. The answer to this question is that scientific journals are profit-
able. This is not only because library subscriptions are set at a high level. 
More important is probably the fact that scholars are mainly working for free 
for the publishers. Editors may have some administrative support but the 
whole review system relies on the solidarity among researchers to review 
manuscripts without remuneration. However, it deserves to be mentioned 
once more that doubts are now appearing whether the review system is not 
undermined by the overflow of manuscripts and the hesitance of qualified 
scholars to serve the community when they are only rewarded for their own 
publications (cf. again Anthony Campbell). 

The growth in the number of journals, in combination with the emphasis 
in evaluations of publication in quality journals and the development of in-
formation technology, has paved the way for the development of a whole 
field of impact measurement: bibliometrics (see e.g. Vinkler, 2009). In short, 
it implies that citations to articles are counted and that these citations counts 
are used as measures of the impact of the journals as well as the standing of 
individual scholars in the scientific community. This emphasis on citations is 
under criticism (cf. e.g. Marie-Laure Djelic) but is nevertheless extremely 
important both for publishers and for individual researchers. As a result, it is 
sometimes mentioned that many scholars, and particularly their deans, have 
become more interested in publishing in particular journals than in solving 
particular research problems. 

The expansion of the field of academic institutions has not only created a 
demand for impact factors of journals. It has also led to another media fea-
ture mentioned by Marie-Laure Djelic and Kerstin Sahlin: the ranking of 
academic institutions (see further Wedlin, 2006). Originally, these dealt with 
professional schools like business schools and institutes of technology. With 
the passage of time, they now also rank entire universities with the Shanghai 
ranking (www.shanghairanking.com/ARWU2011.html%20) as the prime 
example. Although, the methodology has been questioned, it is taken seri-
ously by politicians, university leaders, etc. There are also reasons to believe 
that the rankings have had an impact on university strategies by stimulating 
mergers towards larger units, the hiring of Nobel Laureates and strong pres-
sures from university leaders to publish in top journals. 

Rankings constitute just one part of the increasing interaction between the 
media and academic institutions. In the same way as all modern organiza-
tions strive to promote and protect themselves, academic institutions exhibit 
similar behaviour. What was once a limited part-time task of one university 
employee, who occasionally sent out press releases, is nowadays handled by 
large communication departments headed by communication directors work-
ing close to the Vice-Chancellors (see further Engwall, 2008). This in turn 
has had the effect that some actors have gone too far in promoting them-
selves and their institutions by presenting their research results through the 
media rather than through the traditional scientific journals. A well-known 



 

 191 

example of this “science through the media” is the case of cold fusion at the 
University of Utah in 1986 (cf. e.g. Gieryn, 1999, Chapter Four and 
Beaudette, 2002). Needless to say, cases such as these should not discourage 
scholars from communicating their research findings to a wider audience 
after they have been through the normal scientific review process (cf. again 
Roger Balian). 

In conclusion we can thus say that the media and academic institutions 
have a long-term relationship. However, during the last few decades it has 
become much more important through a growth in the number of publica-
tions, an increased emphasis on research output, and a movement towards 
evaluation by numbers (citations, impact factors, rankings, etc.).  

9.6. Conclusions 
In concluding this chapter it is very natural to link back to its beginning and 
the assertion that the conditions of scholars have changed considerably since 
the foundation of the Royal Society of Sciences. The field of academic insti-
tutions has undergone a remarkable expansion from a few rather small or-
ganizations to a multitude of units, some of which have become very large in 
terms of students and faculty. At the same research efforts have grown con-
siderably, involving more people and demanding more resources. There is 
no doubt that governments have played a very significant role for this devel-
opment through investments in higher education and research. At the same 
time they have had difficulties in keeping close control over the budgets of 
academic institutions. In the same way as the rest of the public sphere has 
undergone deregulation and decentralization, these institutions have been 
given larger freedom in spending resources, i.e. to choose means to reach 
their goals. However, this change has also implied stronger control through 
various kinds of performance evaluations and movement from block grants 
to project grants. This means that governments have turned more to markets 
for their allocation of resources. Since the success of academic institutions 
cannot be measured by the yardstick of corporations, i.e. profits, other 
measures have to be employed. As a result we can see an increasing use of 
indicators of research output and of quality of higher education. These are to 
a large extent linked to the third field of governance discussed in this chap-
ter: the media. Research is assessed through number of publications, cita-
tions and impact factors of journals, while higher education is measured by 
input factors (characteristics of faculty and facilities) and output factors 
(alumni success in the labour market). Together they provide the foundations 
for ranking journals and institutions. 

The developments described imply that the three fields of governance – 
governments, markets, and the media – discussed in this chapter not only 
have an impact on academic institutions, they also interact with each other: 
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governments have outsourced parts of the resource allocation to markets, 
which in turn have needed the media to assess and differentiate between the 
academic institutions. We can thus conclude that the three fields of govern-
ance to a large extent interact in their governance of academic institutions. 

The developments described are expected to provide an optimal resource 
allocation through the invisible hand of the market. However, there are rea-
sons to worry about shortcomings in the resource allocation due to overly 
short-term perspectives. First, there is thus a risk that scholars go for the 
immediately publishable problems rather than struggling with more funda-
mental ones. Secondly, we may expect strong imitative behaviour, i.e. that 
scholars and institutions will follow each other to an undesirable extent. 
Thirdly, scientific fields, like the Humanities, which do not easily fit into the 
mainstream scientific model, risk being crowded out. The latter is also rein-
forced by the fact that governments sometimes prefer a visible hand in re-
source allocation, through decisions to earmark money for special fields of 
study that are considered particularly important for innovation and economic 
growth. 

Finally, it might be permissible to speculate somewhat about the future. A 
basic question is of course what will happen to academic institutions and 
scholarly work in the years to come. In answering this question, some threats 
to the field can be identified. First, there are reasons to fear that the econom-
ic problems in many European countries and the United States may contrib-
ute to budget cuts and contractions of the field. Secondly, as already indicat-
ed above, there is a risk that the peer-review system will be so overloaded 
that it will not work in the way it was supposed to work. Thirdly, and most 
vital, there is a danger that young people will not find academic work as 
attractive as it used to be. As academic institutions are becoming more bu-
reaucratic and subject to stringent control mechanisms, while some compa-
nies are becoming more project-oriented with higher salaries than in aca-
demia, there is of course a risk that young talents will go elsewhere. 

Despite these threats, it seems relatively safe to believe that the field of 
academic institutions will survive and prosper. Universities have earlier 
shown a remarkable endurance. An often-cited study by the Carnegie Policy 
Studies thus reported in 1980 that of the 66 institutions that existed in 1530 
and still existed in the late 1970s, 62 were universities (Carnegie Policy 
Studies, 1980, p. 9). This does not mean that all of the institutions existing 
today should be expected to remain in the future. Rather it seems reasonable 
to believe that we will see a consolidation of the field of academic institu-
tions through various kinds of mergers or even closures.35  

                               
35 For these projects it should be kept in mind that the experience from the corporate world 
provides discouraging evidence about the success of mergers: three out four mergers have 
been recorded as failures (Cartwright and Cooper, 1995, and Marks and Mirvis, 2001). 
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Irrespective of the future structure of the field and the resources available, 
the key condition for academic institutions is that they be permeated by curi-
osity and entrepreneurship. This is particularly important if tough times 
should appear. In such a situation Erik Benzelius the Younger and his work 
with the Royal Society of Science should stand out as a significant example. 
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