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Scholarly revolutions 
Thomas Kuhn, a philosopher of science, wrote a highly influential book1, in which he proposed the 

progress of science as a sequence of ‘scientific revolutions’ interspersed by long periods of  ‘plateau 

science’. The revolutions are associated with paradigm shifts, resulting in a sharp change in the way 

researchers in the field view their science (the paradigm) – facts, theories and consequences. The 

change takes a relatively short time, probably getting shorter in the modern era, but typically taking 

at most a generation. (A generation allows recalcitrant adherents of the old paradigm to retire or 

die.) In the long periods between revolutions, researchers work on plateau science, observing new 

phenomena within the new paradigm and elaborating the theory while not fundamentally disturbing 

it. 

 In this essay I extend the concepts of science to scholarly enterprise, so I may talk of 

scholarly revolutions, and plateau scholarship. Why? Because what the open access movement aims 

to achieve is a scholarly revolution – a paradigm shift in the dissemination of scholarly research. This 

is of fundamental importance for open access. But let’s take it slowly and creep up on the issues. 

The Sun goes around the Earth, right? 
Wrong. The prime mover in this revolution was Galileo Galilei, a native of Florence, Italy. Galileo was 

employed for a time as professor at the University of Padua, though not a stranger to controversy. 

I can trace the defining moment when the revolution was born2 as the day in 1609 that Galileo heard 

of a crude telescope having been built by Hans Lippershey in Middelburg, Holland. It enabled one to 

see far things as though they were near. It did not take much imagination to see that this would be 

useful to armies in that warring time, and as a ‘military adviser’ Galileo set to making his own copy of 

the telescope. After a little experimentation, he improved on the design and achieved a 

magnification of 30x instead of the 6x of the original. While trying to sell his invention to the 

Republic of Venice for defence purposes, what was more natural than that he should point his 

telescope up, towards the Moon? To his astonishment he could clearly see that the Moon was not 

the perfectly spherical blemish-free object that the Church said it was, but it had craters, valleys and 

mountains he estimated at 4 km high. Indeed there was hardly a patch of the Moon that could be 

described as perfect and blemish-free. To understand the importance of this, you need to know that: 

 The Moon was regarded as a planet, as was the Sun. Our use of the word is a post-revolution 

re-invention. 

 The planets circled the Earth through God’s will in the order of: Moon, Sun, Mercury, Venus, 

Mars, Jupiter and Saturn, with the stars embedded in a subsequent crystal sphere. 

                                                           
1
 The Structure of Scientific Revolutions. Thomas S Kuhn. 1947. 

2
 Galileo Antichrist. Michael White. Phoenix, 2007. 
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 Everything below the Moon’s orbit was impure and imperfect, having been affected by 

Satan and Adam’s sin. That explained the Earth’s rather obvious bumpy surface. 

 The Moon and everything above it was perfectly spherical and pure, being uncontaminated 

by Satan. 

Not stated is why the Church liked this view. One suggestion is that it eliminated all possibility of 

extra-terrestrial intelligence with the difficult theological questions that would come from that. 

 Galileo then turned his telescope to what we call the planets. All showed distinct disks, 

unlike the stars. Venus showed a set of phases, confirming it actually could be between Earth and 

the Sun in part of its path. Saturn appeared to have handles on both sides (the rings, wide open in 

this year, but Galileo could not resolve them). Jupiter looked ok like a big fat disk, but it had three 

stars close by it, which when he looked again the next night had moved. Intrigued, Galileo realized 

after days of observation that they were orbiting Jupiter and there were actually four of what we 

now call the Galilean moons: Io, Europa, Ganymede and Callisto. The Earth is almost in the plane of 

the orbits, so they seem to oscillate left and right. This discovery destroyed the argument of some 

that if the Earth orbited the Sun, why didn’t the Moon fly off? Jupiter seemed quite capable of 

keeping four moons around it – regardless of whether the system went around the Earth or the Sun. 

The final blow fell when Galileo discovered sunspots – not even the Sun was ‘perfect’! 

 I don’t want to take away any credit from Galileo’s precursor Copernicus, nor his 

contemporaries Tycho Brahe and Johannes Kepler. They laid the basis for and cemented the 

revolution. But it was Galileo’s role to create the paradigm shift, regardless of the Church’s 

disapproval. To indicate the depth of the disapproval, some experts refused to look though his 

telescope, lest they see something that would prove them wrong. In this first example, we see that 

Galileo took an instrument, improved it, and with it showed facts that were incompatible with the 

current wisdom. Scientists looking to the heavens after Galileo had to accept a different paradigm: 

the Earth-Moon system orbited around the Sun, with the other planets. Plateau scientists like Kepler 

and Newton developed the idea of elliptical orbits, and the idea of an invisible force through empty 

space – gravity. 

 An interesting aside is that Galileo’s discoveries relied solely on the magnification of the 

telescope. In fact the Galilean satellites of Jupiter are bright enough to see with the naked eye, were 

it not dazzled by the brightness of adjacent Jupiter. Magnification and separation was essential to 

see them. Only later were discoveries dependent on the light gathering ability of the telescope to 

enable seeing dimmer objects. In other words, only one property of the telescope contributed to the 

revolution; the other simply came with the territory. We may find this useful in an open access 

revolution. 

The K-T boundary 
In my second example I leave the heavens and turn to the Earth. In the Cretaceous era (145–65 

million years ago), the world teemed with dinosaurs. Tyrannosaurus rex roamed North America, 

devouring hadrosaurs and other dinosaurs. Mammals and mammal-like reptiles had been relegated 

to nuisance rat-sized status. Then quite suddenly all the dinosaurs went extinct3 at the K-T4 

boundary, the large reptiles in the seas followed, and the mammals took over the world in the 

present Tertiary era (we coming in late). Why? The popular theory was volcanism and the huge 

                                                           
3
 We would now regard the birds as the exception, being descended from dinosaurs. 

4
 K=Cretaceous from Latin (because C=Cambrian already), T=Tertiary. 
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outpouring of lava and CO2 implicit in the Deccan Traps5. The mechanism of extinction was not 

known, but climate change was implicated. 

 Luis and Walter Alvarez were widely ignored when they suggested that the key event might 

have been a large bolide striking the Earth. The main objection was that geologists had given up 

catastrophism in the late 18th century when they shrugged off the Biblical theory of a world-wide 

Flood. Geology was henceforth to be ruled by uniformitarianism: any cause was working right now, 

and could be observed, even if it was slow. There was no room for a massive one-off meteor strike. 

They also argued, where was the strike site and its huge crater? The question could not be 

answered. A thin layer of iridium-rich6 rock at the K-T boundary, right around the world, remained an 

unexplained phenomenon. 

 All changed when the strike site was identified as Quicxulub on the Yucatan peninsula – 

partly on land and partly under the sea. The dominant theory is now that the dinosaurs and the sea 

reptiles were dealt a death blow by the striking of a 10 km bolide in Yucatan at the K-T boundary in 

time. The resulting shock wave and fire storm would probably have destroyed most everything in 

the Americas and the adjoining seas, and the ensuing ‘nuclear winter’ would have done for most of 

the rest of the world and seas in the loss of photosynthesis for years, starvation, and cold. 

 What message does this revolution hold? The researchers involved had a mind-set that put 

them against unique events having any place in the history of the planet. They changed their 

paradigm, but they changed it by recognizing that bolide impacts were more common than they had 

contemplated, and therefore could be absorbed into the doctrine of uniformitarianism. The impact 

at the K-T boundary was larger than normal, true, but it was not unique. 

The Periodic Table 
Time to turn to chemistry. The revolution to which I want to draw attention is that of Dmitri 

Ivanovitch Mendeleev (1834-1907) – the Periodic Table. Chemists had amassed a lot of information 

about chemicals and chemical reactions. The ideas of elements were laying around as a good 

hypothesis, though mixed in with a lot of other stuff, like phlogiston and the ether. 

 The defining moment in this revolution was the publication by Mendeleev of an early 

periodic table, relating ‘elements’ by their properties, and their apparent vigor in taking part in 

reactions. Other people had produced property tables, but were not influential. Mendeleev was 

apparently unaware of previous attempts, which may have been an advantage. 

 

                                                           
5
 Following erosion and subduction , presently up to 2 km thick over 500,000 km

2
, centred on Mumbai in India. 

6
 Meteorites may be rich in iridium, say ~445 ppb (parts per billion) vs a normal ~0.3 ppb in the Earth’s crust. 
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The periodic table showed elements as a fundamental building block of chemistry, and further 

showed that there were family relations. Further, the Table showed that there were gaps, suggesting 

that there were elements waiting to be discovered. The first missing element in Mendeleev’s table 

was Scandium (Gruppo III). The next two are Gallium and Germanium (Gruppo III and IV). The hunt 

was on, and each discovery served to promote the periodic table as a central tool of chemistry. The 

table soon developed to show even more information and the underlying electronic structure. 

Personally the two series that impress themselves on me as emblematic are the halides: fluorine, 

chlorine, bromine and iodine; and Group IV7: carbon, silicon, germanium, tin and lead. Of course 

Mendeleev did not recognize the inert gases (helium, neon, argon, krypton, xenon and radon) 

because their chemical reactions are very limited and the elements were not known at the time. 

 What can we take from this? Chemists after Mendeleev were more organized and had a 

tidier grasp of what they were doing, than what we now see as random explorations of the 

interactions of electronic shells. They too changed their paradigm. 

Continental Drift 
I return to geology, though this time in a purer form. There had long been speculation about how 

the east edge of South America fit so neatly into the west shape of Africa, especially at the edge of 

the continental shelves. But it had been considered a coincidence, except by Alfred Wegener (1880-

1930) and Erich von Daniken (1935-). The latter made its acceptance less probable, not more. 

However, the similarity of some flora and fauna of the southern continents (South America, 

Southern Africa, and Australia) remained an unexplained puzzle.  

 The tipping point was the discovery of magnetic evidence under the center of the Atlantic. 

Symmetric about a ‘central’ line, the sea floor captured a record of reversals of the Earth’s magnetic 

field, in parallel stripes. The conclusion was inescapable. The seafloor had been expanding for 

millions of years opening up the Atlantic, and so the next question was clear – where was the Earth’s 

crust disappearing? The rest is history. Geologists realized that the continents were floating on 

denser rock, and had been mobile for billions of years like scum on boiling jam. Subduction zones 

were discovered, the Pacific rim of fire with volcanos and earthquakes was explained, and India was 

recognised as a sub-continental plate ramming into Asia to create the Himalayas. The San Andreas 

                                                           
7
 Partly because germanium and silicon are significant electronic chip materials. So is GaAs, a III-V compound. 
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fault was recognized as a classic lateral strike-slip fault driven by the Pacific plate and the North 

American plate. The paradigm shifted again and geology underwent a massive re-evaluation. The 

evidence accumulated and it is now accepted wisdom. We could not do without the theory of 

continental drift and crustal plates, particularly in understanding the evidence of evolution. 

 What do I learn from this example? Well, things staring you in the face are not necessarily 

accepted – people will find reasons however flimsy, to reject something they don’t like. Absolutely 

inexplicable solid evidence (on the old theory) can however topple the theory. 

Evolution by Natural Selection 
I could not leave Charles Darwin and Alfred Russel Wallace out of this review. Evolution has been a 

hugely successful paradigm, and the evidence supporting it is so solid that we can confidently say 

that if life exists on other planets, we don’t know what it will look like, but we can be absolutely sure 

that evolution operates on the life-forms of that distant planet.  

 Biologists have been doing plateau science based on evolution ever since Darwin published 

his seminal book8. The paradigm has even absorbed the hammer-blow of the discovery of the 

mechanism of heredity and the structure of DNA. Molecular biologists, working with computer 

scientists, found ways of analysing DNA of living animals so as the compare the genes and even the 

non-gene areas of the DNA molecule, thus deriving suggestions for the relatedness of the species. 

This field is known as cladistics, and the results were brought into conflict with prior theories of 

descent based on similarities of the phenotypes. 

 There are important lesson to be learnt from the evolution revolution. Again, some people 

will refuse to accept a paradigm even when faced with incontrovertible facts, twisting and turning to 

try to maintain their prior convictions. The whole creationism and ‘creation science’ issue is a clear 

example of a paradigm that some people find offensive and simply refuse to accept. 

 Secondly, the birth of the revolution shift is instructive. Charles Darwin procrastinated in 

announcing the new paradigm, because he foresaw how controversial it would be, and what it 

would mean for him and his family. He shared it with a few confidants, but was making very heavy 

weather of writing up the theory until, like a bolt from the blue, he received a letter from Wallace in 

Ternatein the Malay Peninsula, asking his advice about the theory of evolution he (Wallace) had 

written in an attached paper. Concerned that he (Darwin) would lose priority, he consulted some of 

his influential friends and together they hatched a plan to read Wallace’s paper and a prior private 

communication from Darwin at the next Royal Society meeting, giving them joint priority for the 

idea. Impecunious and unknown Wallace was grateful for independently wealthy and influential 

Darwin being so magnanimous (!) for the rest of his life, and Darwin took credit for the idea in the 

public mind. The Origin of Species was now written hurriedly as a mere summary of this views, for 

general public consumption. Other books followed once the ice was broken, on sexual selection, 

human descent, and other aspects of evolution. A great deal of Darwin’s writings remain insightful 

reading, even now. 

 Going still further back, Darwin did not return from the voyage of the Beagle with the theory 

in his mind. What he had was a lot of facts and a lot of specimens. He farmed out analysis of many of 

the specimens to others—for example he was no ornithologist so he sent his bird carcases to a bird 

expert. The turning point in the development of the theory seems to have been when this expert 

wrote casually asking if Darwin realized that all his Galapagos birds were thrushes. Darwin didn’t, but 

                                                           
8
 The Origin of Species. Charles Darwin. 1859. Available in Penguin paperback reprint. 



On Revolutions – Arthur Sale, June 2011 

 

6 

 

now he did, and this resulted in the idea of a rare colonization event, followed by an evolutionary 

radiation to fill the niches on the Galapagos Islands where in other places different birds filled these 

same niches. Already a well-respected author from his books on the Beagle’s voyage, he set out to 

establish himself as a respected scientist. He bred pigeons and explored the realm of domesticated 

varieties (evolution by human selection he might have called it in hindsight). Pigeons were a good 

choice as the breeding cycle was short, say as compared to dogs. To establish his scientific 

credentials he also set out to be the world expert on barnacles9, and in this he succeeded. 

 There are a lot of lessons to be learnt from the evolution revolution, and I am not sure which 

are the most important for open access. Charles Darwin’s careful preparation for the launch, his 

circle of friends and confidants, and his independence are one factor. He himself was not quite a 

recluse, but not in the best of health. The sheer power of the paradigm in explaining the world was 

almost certainly a factor, and meant that some of his defenders were on very solid ground indeed 

when they undertook promotion on his behalf. And that touches on probably the biggest lesson of 

the revolution: it was conducted in public. I don’t mean the public made up of scientists, but the 

public of middle and upper classes10 of Victorian times. They took a solid interest in the debate, and 

it drove the acceptance, including in museums which were avenues for promoting science to the 

masses. 

The Gutenberg Era 
Moving into the humanities, the book stands out as an example. For centuries before printing, the 

book had been a prestige product, hand-copied and leather-bound, immensely expensive,  

accessible to few, and frequently locked to prevent damage. Large libraries were prize possessions. 

 The invention of printing enabled books to be produced at much lower cost. While the 

copying was reduced, the objects still required binding, and transport of heavy objects was still a 

pain and a cost. Nevertheless, Gutenberg and the printing revolution was a real one and 

accomplished as quickly as the others we have been looking at, despite arguments at the time that 

mechanical printing was far inferior to calligraphy, and especially sans illumination. Full color 

printing took its time, and was anyway still expensive. 

 We live still in the last phases of the plateau of the Gutenberg revolution. Encyclopædias 

vanished in a paper form well over a decade ago; dictionaries and text books are not far behind. 

Novels can be delivered by iPad and Kindle, as well as newspapers which must be the most 

ephemeral Gutenberg media of all. Most scholarly journals now stand out now as a bastion against 

the infiltration of paperless communication though they buttress themselves by providing content 

online (by subscription) as well as on paper. Perhaps the very last bastion, because of the inertia 

I wrote about in the last essay. The lesson we learn here is that incidental technology lasts longer 

than primary belief and is harder to change. Communication is a second-order problem compared 

with how researchers view the world (however limited a view that is). 

                                                           
9
 Darwin and the Barnacle. Rebecca Stott. Faber & Faber, 2003. 

10
 I assume that the ‘lower classes’ were not much concerned with evolution amidst survival issues. But the 

cartoonists and the newspapers were, as well as Punch, lectures and presentations (the TV of the day). 
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Conclusions 
A scholarly revolution is what open access is about. I seek to change the perception of every 

researcher in the world as to show they should disseminate their research through the Internet, 

free, to anyone in the world with Internet access. As a second-order revolution (see the section on 

Gutenberg) this is going to be different from with a primary world-view scholarly revolution.  

 The world-view revolution requires that I demonstrate that old views are no longer tenable, 

and that all researchers (except the doddering and soon to expire examples) need to adopt the new 

paradigm or leave the field. A second-order revolution requires most of the above, but does not 

challenge the paradigms of the discipline, but rather the exercise of scholarly research and 

dissemination. Hence in one sense it is universal, but in another it is not central to any field. 

 It may not have escaped everyone that the Internet does not appear in this essay until the 

last paragraph. This is deliberate, and in the next essay I shall explain why. 

      


