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Abstract 
 
This paper begins by analysing Plato’s treatment of the problem of discovery in the 
Meno.  This discussion is then related to some twentieth century discoveries in science 
and mathematics.  This leads to characterising a particular type of discovery as a Meno-
like discovery.  However it is argued that Pasteur’s principle that «fortune favours the 
prepared mind» gives a better explanation of such discoveries than Plato’s original 
theory. 
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1.  The Problem of Discovery in the Meno 
 

The Meno is one of the most intriguing of Plato’s dialogues, not least because of 
the range of philosophical questions with which it deals in a short space.  Among these 
questions is that of the nature of discovery.  Let us briefly sketch how this topic is 
introduced. 

The dialogue opens with Meno asking Socrates the famous question:  «Is virtue 
something that can be taught?»  Socrates replies that in common with other Athenians:  
«… far from knowing whether it can be taught, I have no idea what virtue itself is.»  
Meno  is astonished by this answer, because he thinks that there is no difficulty about 
saying what virtue is. However, when Socrates invites him to do so, Meno soon discovers 
that there really is a problem.  He makes a number of attempts to say what virtue is, but 
Socrates has little difficulty in showing that these are inadequate.  Meno becomes 
perplexed and does not know what to say.  He compares Socrates to a sting-ray.  
Whenever anyone comes into contact with it, it numbs him.  Socrates, however, protests 
that he is not just trying to catch Meno out.  He himself is genuinely perplexed about 
what virtue is, but, at the same time, he would like to join with others in trying to 
discover what virtue is.  This is how he puts the point (Meno, 80D): 
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«SOCRATES.  So with virtue now.  I don’t know what it is.  You may have known 
before you came into contact with me, but now you look as if you don’t.  Nevertheless I 
am ready to carry out, together with you, a joint investigation and inquiry into what it is.»         
 
So this is how the problem of discovery enters the Meno.  Socrates wants to conduct with 
Meno a joint investigation with the aim of discovering what [29] (Numbers in square 
brackets are the page numbers of the published version.) virtue is.  But now an 
unexpected twist is given to the dialogue for Meno produces an argument to show that 
the kind of investigation which Socrates is proposing is not in fact possible (Meno 80D-
E): 
 
«MENO.  But how will you look for something when you don’t in the least know what it 
is?  How on earth are you going to set up something you don’t know as the object of your 
search?  To put it another way, even if you come right up against it, how will you know 
that what you have found is the thing you didn’t know? 
 
SOCRATES.  I know what you mean.  Do you realize that what you are bringing up is 
the trick argument that a man cannot try to discover either what he knows or what he 
does not know?  He would not seek what he knows, for since he knows it there is no need 
of the inquiry, nor what he does not know, for in that case he does not even know what he 
is to look for.  
 
MENO.  Well, do you think it a good argument? 
 
SOCRATES.  No.» 
 

Although Socrates says that this is not a good argument, he nonetheless takes it 
very seriously, for, in order to resolve the problem it poses, he introduces the theory that 
learning is recollection  (Meno 81C-D): 
 
«SOCRATES.  Thus the soul, since it is immortal and has been born many times, and has 
seen all things both here and in the other world, has learned everything that is. … All 
nature is akin, and the soul has learned everything, …. seeking and learning are in fact 
nothing but recollection.» 
 

In fact Socrates tries to solve Meno’s problem by agreeing that we cannot 
discover what we don’t already know.  We can, however, make discoveries because we 
already know everything.  However this knowledge is unconscious and buried in our 
souls.  Making a discovery thus amounts to bringing this unconscious knowledge into 
consciousness.  To make this claim plausible the dialogue with the slave boy is 
introduced, and we will consider this in the next section. 
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2.  The Slave Boy’s Mathematical Discovery 
 

If the theory that learning is recollection is correct, then any randomly chosen 
individual will, for example, possess the whole of mathematical knowledge.  Socrates 
tries to show that this really is the case by first getting Meno to pick some individual 
(Meno 82A-B): 
 
«SOCRATES.  I see you have a large number of retainers here.  Call one of them, anyone 
you like, and I will use him to demonstrate it to you. [30] 
 
MENO.  Certainly.  (To a slave-boy.)  Come here. 
 
SOCRATES.  He is a Greek and speaks our language? 
 
MENO.  Indeed yes – born and bred in the house.» 
 

In the dialogue which follows, the slave boy, helped by questions from Socrates, 
discovers the solution to the problem of constructing a square which has twice the area of 
a given square.  The solution is to draw a diagonal of the given square and construct a 
square on this diagonal.  If the original square has unit side, then by Pythagoras’ theorem, 
the diagonal has length 2 , and so is incommensurable with the side.  Thus the example 
chosen by Plato, though simple, nonetheless touches on deep problems in ancient Greek 
mathematics, namely Pythagoras’ theorem and incommensurability.   

Socrates gives the slave boy the example of a square of side 2 feet, and then 
proceeds (Meno, 82E): 
 
«SOCRATES.  What will be the side of the double-sized one? 
 
BOY.  It will be double, Socrates, obviously.» 
 

However, Socrates’ further questions soon force the slave boy to admit that his 
method yields a square of four times the original square, not a square which is double the 
size.  The slave boy then suggests that one could try a square whose side is 3 feet, but 
once again Socratic questioning reveals that this is wrong.  At this stage the slave boy is 
inclined to give up saying (Meno 84A):  «It’s no use, Socrates, I just don’t know.»  
However Socrates insists the slave boy has really made a lot of progress.  At first he 
thought the solution to the problem was obvious.  Now he realises that he didn’t after all 
know the correct solution, and has been stimulated to look for it.  As Socrates says (Meno 
84B):  «In fact we have helped him to some extent towards finding out the right answer, 
for now not only is he ignorant of it but he will be quite glad to look for it.»  Socrates 
then draws a crucial diagram.2   
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Here ABCD is the original square to which we add equal squares BFEC, CEGH, and 
DCHJ as shown.  The result is a large square AFGJ.  Now join DB, BE, EH and HD.  
The result is a square DBEH.  It is fairly obvious that DBEH is twice the area of ABCD, 
since ABCD consists of two triangles and DBEH consists of four triangles – all these 
triangles being equal in area.  Once this crucial diagram has been drawn, the slave boy is 
led through Socrates’ questions to recognise that it contains the solution of the problem. 
[31]  

Now Plato takes this imaginary, but highly plausible, discovery on the part of the 
slave boy as supporting his theory that learning is recollection.  However, many readers 
of the dialogue have wondered whether the solution to the problem was really buried in 
the slave boy’s soul, or whether the slave boy discovered the solution because Socrates 
gave him a hint in the form of the crucial diagram.  This latter account seems much more 
plausible, but it is worth noting that, even though Socrates does give a substantial hint, 
the slave boy does recognise from the diagram what is the solution for which he is 
searching. 

This is the point at which I would like to shift from an imaginary mathematical 
discovery made by a slave boy in ancient Athens, to a real medical discovery made by 
Alexander Fleming (with some help from others) in the 20th century.  This is the 
discovery of penicillin.  I will first give a brief historical account of Fleming’s discovery, 
and show that it was a remarkable example of a principle formulated earlier by Pasteur, 
namely that fortune favours the prepared mind.  I will then in section 4 argue that there 
are some quite close analogies between Fleming’s discovery and that of the slave boy.  
This leads me to suggest that there are a class of discoveries in both mathematics and 
science, which can be described as Meno-like Discoveries. 
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3.  Fleming’s Discovery of Penicillin3 
 

It was early in September 1928 that Fleming noticed an experimental plate in his 
laboratory which had been contaminated with a penicillium mould.  If, [32] however, we 
are to understand his reaction to this fateful event, we must first examine some of the 
research which Fleming had carried out previously.  Fleming spent most of his career 
carrying out research in bacteriology in the inoculation department of St Mary’s Hospital, 
London.  This department was headed until his retirement in 1946 by Sir Almroth 
Wright.  When the First World War broke out in 1914, Wright, Fleming and the rest of 
the department were sent to Boulogne to deal with the war wounded, and, in particular, to 
try to discover the best way of treating infected wounds.  At that time wounds were 
routinely filled with powerful antiseptics which were known to kill bacteria outside the 
body.  Fleming, however, soon made the remarkable discovery that bacteria seemed to 
flourish in wounds treated with antiseptics even more than they did in untreated wounds.  
The explanation of this apparent paradox was quite simple.  In an untreated wound the 
bacteria causing the infection were attacked by the body’s natural defences, the white 
cells, known as  phagocytes or leucocytes, which ingested the invading bacteria.  If the 
wound was treated with an antiseptic, some bacteria were indeed killed, but the protective 
phagocytes were also killed, so that the net effect was to make the situation worse than 
before.  Wright and his group therefore maintained (quite correctly) that wounds should 
not be treated with antiseptics.  They advocated the earliest possible surgical removal of 
all dead tissue, dirt, foreign bodies, and so forth, and then irrigating the wound with 
strong sterile salt solution.  The medical establishment of the day rejected this 
recommendation, and so the superior treatment was accorded only to those directly in the 
care of Wright and his team. 

After the war, Fleming returned to the inoculation department in London, and 
here in 1921 he discovered an interesting substance which was given the name lysozyme.  
Lysozyme was capable of destroying a considerable range of bacteria, and was found to 
occur in a variety of tissues and natural secretions.  Fleming first came across lysozyme 
while studying a plate-culture of some mucus which he took from his nose when he had a 
cold.  He later discovered that lysozyme is to be found in tears, saliva, and sputum, as 
well as in mucus secretions.  He extended his search quite widely in the animal and 
vegetable kingdoms, and found lysozyme in fish eggs, birds’ eggs, flowers, plants, 
vegetables, and the tears of more than fifty species of animals.  Lysozyme destroyed 
about 75% of the 104 strains of airborne bacteria and some other [33] bacteria as well.  
Moreover, Fleming was able to show that, unlike chemical antiseptics, even the strongest 
preparations of lysozyme had no adverse effects on living phagocytes, which continued 
their work of ingesting bacteria just as before.  From all this, it seemed that lysozyme was 
part of many organisms’ natural defence mechanisms against bacterial infection.  
Lysozyme had only one drawback.  It did not destroy any of the bacteria responsible for 
the most serious infections and diseases.  The hypothesis naturally suggested itself that 
the pathogenic bacteria were pathogenic partly because of their resistance to lysozyme. 

                                                        
3 My account of the discovery of penicillin is largely based on Hare (1970) and Macfarlane (1979 and 
1984).  Hare’s book is partly an eye witness account since he was working in the same laboratory as 
Fleming when Fleming made his discovery.  Macfarlane’s two books are excellent historical works which 
are informed by a deep scientific knowledge of the area. 
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If we put together Fleming’s research on war wounds and his research on 
lysozyme, a problem situation emerges which I will call the ‘antiseptic problem 
situation’.  On the one hand, the chemical antiseptics killed pathogenic bacteria outside 
the body, but were less effective for infected wounds, partly because they destroyed the 
phagocytes as well.  On the other hand, the naturally occurring antiseptic lysozyme did 
not kill the phagocytes, but also failed to destroy the most important pathogenic bacteria.  
The problem then was to discover a “perfect antiseptic” which would kill some important 
pathogenic bacteria without affecting the phagocytes.  The work on lysozyme suggested 
that such antiseptics might be produced by naturally occurring organisms. 

This then is the background to Fleming’s work on penicillin.  Fleming actually 
stumbled on penicillin while he was carrying out a fairly routine investigation.  He had 
been invited to contribute a section on the staphylococcus group of bacteria for the nine-
volume A System of Bacteriology which was being produced by the Medical Research 
Council.  Fleming’s contribution did indeed appear in the second volume in 1929.  
Staphylococci are spherical bacteria which are responsible for a variety of infections.  For 
example, the golden-coloured Staphylococcus aureus is responsible for skin infections 
such as boils and carbuncles, as well as for a variety of other diseases.  While reading the 
literature on staphylococci, Fleming came across an article by Bigger, Boland, and 
O’Meara of Trinity College, Dublin, in which it was suggested that colour changes took 
place if cultures of staphylococci were kept at room temperature for several days.  This 
interested Fleming, because the colour of a staphylococcus can be an indicator of its 
virulence in causing disease.  He therefore decided to carry out an experimental 
investigation of the matter with the help of D.M.Pryce, a research scholar. 

The staphylococci were cultured in glass dishes, usually 85 mm in diameter, 
known as Petri dishes.  These dishes were filled with a thin layer of gelatinous substance 
called agar to which enough nutrients could be added to allow the microbes to multiply.  
Using a platinum wire, some staphylococci [34] were spread across the surface of the 
agar, and the plate was then incubated at a suitable temperature (usually 37oC), to allow 
the microbes to multiply.  After this period of incubation, the dish was set aside on the 
bench, and was examined every few days to see if changes in the colour of some of the 
staphylococci could be observed. 

While this investigation was continuing, Pryce left the laboratory in February 
1928 to start another job, but Fleming continued the work on his own throughout the 
summer.  At the end of July Fleming went off for his usual summer holiday, leaving a 
number of culture-plates piled at the end of the bench where they would be out of the 
sunlight.  Early in September (probably on 3 September) when Fleming had returned 
from his holiday, Pryce dropped in to see him.  Pryce found Fleming sorting out the pile 
of plates on his bench.  Discarded plates were put in a shallow tray containing the 
antiseptic Lysol.  This would kill the bacteria, and make the Petri dishes safe for the 
technicians to wash and prepare for use again.  Fleming’s tray was piled so high with 
dishes that some of them were protruding above the level of the Lysol.  Fleming started 
complaining about the amount of work he had had to do since Pryce had left him.  He 
then selected a few of the dishes to show to Pryce.  More or less by chance he picked up 
one in the tray of discards but above the level of the Lysol.  According to Pryce’s later 
recollection, Fleming looked at the plate for a while, and then said:  «That’s funny.»  The 
plate was in fact the famous penicillin plate. 
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This is how Fleming himself described what happened in the paper which he 
published in June 1929 (p. 226): 
 
«While working with staphylococcus variants a number of culture-plates were set aside 
on the laboratory bench and examined from time to time.  In the examinations these 
plates were necessarily exposed to the air and they became contaminated with various 
micro-organisms.  It was noticed that around a large colony of a contaminating mould the 
staphylococcus colonies became transparent and were obviously undergoing lysis.» 
 
Fleming’s photograph of the original penicillin plate is reproduced in Plate 1, and it is 
easy to follow his description when examining the photograph.  
 
                 Plate 1 
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The colonies of staphylococci are the small circular blobs, and the contaminating 
mould is very obvious.  Near the mould the staphylococci become transparent or 
disappear altogether.  They are obviously, as Fleming says, undergoing lysis, which 
means the dissolution of cells or bacteria.  From his observation of the plate, Fleming 
inferred that the mould was producing a substance capable of dissolving bacteria.  The 
mould was identified as being [35] a Penicillium.  At first it was incorrectly classified as 
Penicillium rubrum, but later it was found to be the much rarer species Penicillium 
notatum.  Fleming accordingly gave the name penicillin to the bacteriolytic substance 
which he thought was being produced by the mould. 

The events described so far may make it look as if Fleming’s discovery was 
simply a matter of luck.  Indeed, there is no doubt that a lot of luck was involved.  Hare 
subsequently tried to reproduce a plate similar to Fleming’s original one, and found to his 
surprise that it was quite difficult (see Hare, 1970, pp. 66-80).  The general effect of 
Fleming’s plate could be produced only if the mould and the staphylococci were allowed 
to develop at rather a low temperature.  Even room temperature in the summer would 
usually be too high, but here the vagaries of the English weather played their part.  By 
examining the weather records at Kew, Hare discovered that for nine days after 28 July 
1928 (just when Fleming had gone on holiday!), there was a spell of exceptionally cold 
weather.  In addition to this, Hare concluded that (1970, p. 79): « … the plate cannot have 
been incubated in the usual way.»  A final point is that the strain of penicillium which 
contaminated Fleming’s plate is a very rare variety, and most penicillia do not produce 
penicillin in sufficient quantity to give rise to the effect which Fleming observed.  How 
did such a rare mould find its way into Fleming’s laboratory?  The most likely 
explanation is a curious one.  There was at that time a theory that asthma was caused by 
moulds growing in the basements of the houses in which the asthmatics lived.  This 
theory was being investigated by the scientist C. J. La Touche in the laboratory 
immediately below Fleming’s, and La Touche had as a result a large collection of moulds 
taken from the houses of asthma sufferers.  It seems probable that penicillium notatum 
was one of these moulds. [36] 

There is no doubt then that a great deal of luck was involved in the discovery of 
penicillin.  Yet it still needed creativity and insight on Fleming’s part to seize the 
opportunity which chance had presented to him.  Nothing shows this more clearly than a 
comparison of Fleming’s reaction to the contaminated plate with that of his colleagues in 
the laboratory (including the head of the laboratory, Sir Almroth Wright) when he 
showed it to them.  With characteristic candour, Hare describes the complete lack of 
interest shown by himself and the others (1970, p. 55): 
 
«The rest of us, being engaged in researches that seemed far more important than a 
contaminated culture plate, merely glanced at it, thought that it was no more than another 
wonder of nature that Fleming seemed to be forever unearthing, and promptly forgot all 
about it. 
 
The plate was also shown to Wright when he arrived in the afternoon.  What he said, I do 
not recollect, but (…) one can assume that he was no more enthusiastic – he could not 
have been less – than the rest of us had been that morning.» 
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Fleming was by no means discouraged by his colleagues’ cool reaction.  He took 
a minute sample of the contaminating mould, and started cultivating it in a tube of liquid 
medium.  At some later stage he photographed the plate, and made it permanent by 
exposing it to formalin vapour, which killed and fixed both the bacteria and the mould.  
Fleming kept the plate carefully, and it is now preserved in the British Museum.  The 
whole episode then is a perfect instance of the famous claim made by Pasteur in his 
inaugural lecture as professor at Lille in 1854 when he said that:  «In the field of 
observation fortune favours only the prepared mind.»4  Let us now examine how 
Fleming’s mind had been prepared to appreciate the significance of his contaminated 
culture plate.  

The background knowledge which made Fleming appreciate the significance of 
the penicillin plate was rather unusual since it was not possessed by his very competent 
colleagues.  It is not difficult, however, to see how this background knowledge which 
was specific to Fleming arose from his earlier researches. 

Fleming, during his researches on lysozyme, had over and over again observed a 
substance produced from some naturally occurring organism destroying bacteria.  This 
was a phenomenon with which he was very familiar. [37] However, it would have struck 
him immediately that there was something new and curious about the penicillin case 
because the bacteria being inhibited were pathogenic staphylococci, whereas lysozyme 
only destroyed non-pathogenic bacteria.  From the time of his work on the healing of 
wounds in the First World War, Fleming had been aware of the problem of finding a 
“perfect antiseptic” – that is an antiseptic which would kill pathogenic bacteria without 
destroying the phagocytes.  In the light of his knowledge of this problem, it is reasonable 
to suppose that, when he saw the penicillin plate, he conjectured that the mould might be 
producing a “perfect antiseptic”. 

The assumption that Fleming made such a conjecture is borne out by his 
subsequent actions.  Fleming grew the mould on the surface of a meat broth, and then 
filtered off the mould to produce what he called “mould juice”.  He then tested the effect 
of this mould juice on a number of pathogenic bacteria.  The results were encouraging.  
The virulent streptococcus, staphylococcus, pneumococcus, gonococcus, meningococcus, 
and diphtheria bacillus were all powerfully inhibited.  In fact, mould juice was a more 
powerful germicide than carbolic acid.  At the same time, mould juice had no ill effects 
on phagocytes.  Here at last seemed to be a “perfect antiseptic”.  Indeed in his 1929 
paper, Fleming wrote (p. 236):  «It is suggested that it [penicillin] may be an efficient 
antiseptic for application to, or injection into, areas infected with penicillin-sensitive 
microbes.» 
 

The analysis I have just given agrees with Fleming’s own 1944 account of the 
Discovery of Penicillin.  Fleming begins by sketching his earlier research in the 1914-18 
war, and then into lysozyme.  He goes on to say (p. 4): 
 
«It was (…) fortunate that, with the background I have briefly sketched, I was always on 
the lookout for new bacterial inhibitors, and when I noticed on a culture plate that the 

                                                        
4 In Pasteur’s original French the quotation runs:  «Dans les champs de l’observation le hasard ne favorise 
que les esprits préparés.»  This is slightly ambiguous since “le hasard” in French can mean “luck or 
fortune” as it is translated here, or “chance” in the statistical sense. 
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staphylococcal colonies in the neighbourhood of a mould had faded away I was 
sufficiently interested in the antibacterial substance produced by the mould to pursue the 
subject.» 
 
He also says (p. 5): 
 
«In view of the results I had previously obtained with the chemical antiseptics in common 
use, I proceeded to test whether, like these, penicillin was poisonous to human 
leucocytes.  It had no poisonous effect, nor was it toxic when injected into animals.» 
 

Despite the initial very encouraging results, a series of difficulties began to 
emerge for Fleming and his colleagues who were working on penicillin.  These 
difficulties led Fleming to the conclusion that penicillin would not after all be the kind of 
“perfect antiseptic” which he had been hoping to find.  He did, however, find another 
important use for penicillin.  So, in reality, Fleming’s work was only the first phase in the 
discovery of penicillin, and a second phase carried [38] out ten years later by Florey and 
his team at Oxford was needed to establish that penicillin was after all a “perfect 
antiseptic” – what we would now call a “powerful antibiotic”.  It is thus not strictly 
accurate to speak of Fleming’s discovery of penicillin, but this is nonetheless a 
convenient shorthand provided it does not convey any inaccurate impressions.  That 
concludes my brief account of this discovery, and I will next consider how it relates to 
the discussion of discovery in the Meno. 
 
 
4.  Analogies between Fleming’s Discovery and the Slave Boy’s 
 

Let us now examine some similarities between Fleming’s discovery of penicillin, 
and the slave boy’s discovery of how to construct a square which was twice the area of a 
given square.  In Fleming’s case, the underlying problem was to find an antiseptic which 
would destroy pathogenic bacteria in vivo.  At first the medical community thought the 
answer was obvious.  Since chemical antiseptics destroyed bacteria in vitro, it was just a 
matter of pouring such antiseptics into wounds.  However, Fleming’s research in the First 
World War demonstrated that this solution was not correct, because the chemical 
antiseptics destroyed the phagocytes as well as the pathogenic bacteria.  The slave boy 
was also looking for something which would satisfy some specified conditions, namely a 
square which was twice the area of a given square.  He at first thought the answer was 
obvious, namely that the square required should have a side of twice the length of that of 
the given square.  He then came to realise that this was the wrong answer to the problem.  

Lysozyme can be looked at as Fleming’s second attempted solution of the 
problem – analogous to the slave boy’s square of side 3 feet.  However, lysozyme did not 
work either because, although it destroyed some bacteria without harming the 
phagocytes, it did not destroy the crucial pathogenic bacteria.  At this stage, Fleming 
might have seemed to have made no progress with the problem, but, for essentially the 
reasons which Socrates gives at this point in the Meno, he had really made a lot of 
progress.  He was able to recognise the correct solution when it appeared by chance on a 
contaminated Petri dish just as the slave boy was able to recognise the correct solution 
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when Socrates drew the crucial diagram.  There is one point where the analogy breaks 
down.  The demonstration that the square on the diagonal is the correct solution is easy 
and straightforward.  The demonstration that penicillin was indeed the correct solution 
was anything but straightforward, and the work of a whole new research team was 
needed to carry it out.  However, because of [39] the analogy, I suggest that the discovery 
of penicillin and the slave boy’s mathematical discovery in the Meno  belong to the same 
class of discoveries:  a class which I will call “Meno-like discoveries”.  Such discoveries 
occur when researchers are looking for something with a particular set of properties – 
though they are not sure whether such a thing exists.  The discovery then consists of two 
stages:  (i) becoming aware of something which might have the required set of properties, 
and (ii) the demonstration that it really does have these properties.  Since this definition is 
intended to cover both mathematics and empirical science, “demonstration” here could 
mean “mathematical proof” or it could mean “experimental demonstration”. 
 
 
5.  Poincaré on Mathematical Discovery 
 

It might be objected that my example of a Meno-like discovery in mathematics is 
hardly satisfactory.  To begin with it is an imaginary example rather than a real one.  
Moreover, even if Plato is reporting an incident which genuinely occurred, the discovery 
was not an original one, but the rediscovery of a known result by a pupil who receives a 
considerable hint from his teacher.  I need therefore to give an example of an important 
and original discovery in mathematics which should be classified as a Meno-like 
discovery.  Fortunately this is not difficult to do. 

Poincaré gave a detailed account of how he made some of his important 
mathematical discoveries.  Given his standing as one of the leading mathematicians of the 
20th century, this is a precious document for anyone interested in studying intellectual 
discovery.  I will now briefly summarise some of what Poincaré says, and we will then 
see that one of the discoveries he describes was indeed a Meno-like discovery. 

In his article on Mathematical Discovery, Poincaré takes as his main example his 
research on what he called Fuchsian functions.  At first he thought that there could not be 
any such functions and tried, without success, to prove this result.  He says (1908, pp. 52-
3): 
 
«For a fortnight I had been attempting to prove that there could not be any function 
analogous to what I have since called Fuchsian functions.  I was at that time very 
ignorant.  Every day I sat down at my table and spent an hour or two trying a great 
number of combinations, and I arrived at no result.  One night I took some black coffee, 
contrary to my custom, and was unable to sleep.  A host of ideas kept surging in my head; 
I could almost feel them jostling one another, until two of them coalesced, so to speak to 
form a stable combination.  When morning came, I had established the [40] existence of 
one class of Fuchsian functions, those that are derived from the hypergeometric series.  I 
had only to verify the results, which only took a few hours.» 
 

Poincaré next wanted to establish that there are Fuchsian functions other than 
those derived from the hypergeometric series.  He first, quite consciously formed the 
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Theta-Fuchsian series, but at this point he got stuck.  He recounts the rest of the story as 
follows (pp. 53-4): 
 
«I then began to study arithmetical questions without any great apparent result, and 
without suspecting that they could have the least connexion with my previous researches.  
Disgusted at my want of success, I went away to spend a few days at the seaside, and 
thought of entirely different things.  One day, as I was walking on the cliff, the idea came 
to me, again with the same characteristics of conciseness, suddenness, and immediate 
certainty, that arithmetical transformations of indefinite quadratic forms are identical with 
those of non-Euclidean geometry. 
 
Returning to Caen, I reflected on this result and deduced its consequences.  The example 
of quadratic forms showed me that there are Fuchsian groups other than those which 
correspond with the hypergeometric series; I saw that I could apply to them the theory of 
the Theta-Fuchsian series, and that, consequently there are Fuchsian functions other than 
those which are derived from the hypergeometric series, the only ones I knew up to that 
time.» 
 
This discovery of Poincaré’s is clearly an example of what I have called a Meno-like 
discovery.  Poincaré was looking for something with a particular set of properties, 
namely a Fuchsian function not derived from the hypergeometric function, and he duly 
found what he was looking for. 

Another interesting point is that Poincaré describes his method of working as 
(1908, p. 52):  «trying a great number of combinations.»  Moreover he thinks that a 
similar process can go on unconsciously as well as consciously.  Somehow if the 
unconscious produces a combination which is useful for the problem, the conscious mind 
will recognise this.  As Poincaré says (1908, pp. 59-60): 
 
«Of the very large number of combinations which the subliminal ego blindly forms, 
almost all are without interest and without utility.  But, for that very reason, they are 
without action on the aesthetic sensibility; the consciousness will never know them.  A 
few only are harmonious, and consequently at once useful and beautiful, and they will be 
capable of affecting the geometrician’s special sensibility I have been speaking of; which, 
once aroused, will direct our attention upon them, and will thus give them the opportunity 
of becoming conscious.»  
 

Poincaré’s account of the role of the unconscious seems to me very plausible.  
One could here compare the trained mathematician to the trained piano [41] player.  The 
first steps of any piano player will be made consciously, and in a rather plodding fashion.  
After a while, however, a learner who has some talent will begin to make the required 
movements without any conscious thought of what he or she is doing.  Similarly any 
beginning mathematician will surely try out combinations consciously, while working 
through test problems.  However, once again, a learner with talent will begin to go 
through combinations unconsciously as well as consciously.  In Poincaré’s case, his 
unconscious thought processes seemed to have become partially conscious during that 
sleepless night induced by drinking black coffee, contrary to his custom. 
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Because of the possibility of unconscious work on a problem, Poincaré 
recommends a 3 stage plan.  The first stage is a conscious attempt at the problem.  This 
may not result in solving it, but is necessary in order to activate the unconscious.  The 
problem should then be dropped, and the mind devoted on the conscious level to other 
things.  The unconscious will, however, continue to work on the problem, generating 
combinations, and, quite unexpectedly, the conscious mind may be able to recognise one 
of these as possibly containing the solution to the problem.  The third stage consists of 
checking consciously whether the solution is correct or not.  This last stage consists of 
precise calculations and deductions.  Poincaré observes that the unconscious mind does 
not seem to be capable of carrying out such precise calculations and deductions which 
require discipline and consciousness.  He postulates that the unconscious is the domain of 
liberty, absence of discipline, and disorder.  However, he adds (1908, p. 63):  «this very 
disorder permits unexpected couplings.» 

That concludes my account of Poincaré’s views on this subject.  Let us now try to 
relate them to our earlier discussion of the slave boy in the Meno, and of Fleming.  
Poincaré’s method of trying out combinations gives an indication of how the result 
rediscovered by the slave boy after Socrates’ hint might originally have been discovered.  
A Greek mathematician looking for the result might have tried drawing all sorts of 
diagrams based on dividing up squares in various ways.  Eventually he might have hit on 
the diagram produced by Socrates, and realised that this contained the solution of his 
problem. 

Poincaré’s description of his method of tackling mathematical problems 
strengthens the analogy between mathematical research and discovery (as in Poincaré), 
and experimental research and discovery in the laboratory (as in Fleming).  Fleming spent 
most of his working life growing bacteria of various types in various situations on Petri 
dishes.  His long series of experiments of this type resulted in the lucky discovery of 
penicillin.  Similarly Poincaré tried out a great number of combinations, both consciously 
and unconsciously, before hitting on a combination which he recognised as solving his 
problem. [42] We see here that the laboratory experiments of the scientist correspond to 
the thought experiments of the mathematician. 

Finally there no doubt that Poincaré had a prepared mind.  Poincaré stresses the 
need for an initial period of conscious work on the problem to activate the unconscious 
mind.  However, not all unconscious minds can be activated to generate mathematical 
combinations.  The ability of Poincaré’s unconscious mind to do so must have been the 
result of long practice in solving mathematical problems, analogous to the training of the 
concert performer who plays the piano without a conscious thought.  Finally one is struck 
by the huge range of mathematical theories which Poincaré knew well.  The insight 
which led to the solution of his problem was (1908, p. 54):  «arithmetical transformations 
of indefinite ternary quadratic forms are identical with those of non-Euclidean 
geometry.»  To understand this requires knowledge of the theory of quadratic forms and 
of non-Euclidean geometry.  In addition Poincaré needed to know about the theory of 
groups, hypergeometric series, elliptic functions, and his own Theta-Fuchsian series.  His 
mind was indeed formidably prepared.          
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6.  Pasteur’s Solution is preferable to Plato’s 
 

Pasteur originally limited his famous claim to the field of observation (les champs 
de l’observation).  However, since we want to generalise his view to mathematics, let us 
take Pasteur’s principle as being simply that fortune favours the prepared mind.   I next 
want to argue that Pasteur’s principle gives a much better account of Meno-like 
discoveries than does Plato’s theory that learning is recollection.   

The example of the slave boy’s discovery is intended to make the theory that 
learning is recollection plausible.  However, if we applied the theory to the analogous 
case of penicillin, its consequences are very far from plausible. We would have to say 
that Fleming had learnt in a previous life that penicillin is an effective antibiotic, and 
recollected this when he looked at the contaminated plate.  This seems to me quite 
unacceptable.  Moreover Pasteur’s theory of fortune favouring the prepared mind 
provides an alternative resolution of the problem about discovery which Meno poses to 
Socrates.  The discoverer knows something about what he discovers but not everything.  
He knows what characteristics the object which he desires must have, but he may not 
know whether such a thing exists, or, if it does exist, where it is to be found.  This is why 
the discoverer knows what to look for, and can recognize what he discovers when he 
comes right up against it, whereas someone without the discoverer’s partial knowledge 
would not know what to look for, or be able to recognize it.  The[43] discoverer does not 
need a former existence to acquire the necessary partial, but not complete, knowledge.  
He can acquire this earlier in his own life.       

Let us apply all this to Plato’s slave boy example.  In fact it is clear that the slave 
boy must have learnt a few elementary things about geometry and arithmetic before his 
conversation with Socrates.  He knows what a square is, for example, and he understands 
the idea of two lines being the same length.  He also knows that 2 x 2 = 4, 4 x 2 = 8, and 
even that 4 x 4 = 16.  He presumably learnt these things in Meno’s household and not in a 
former life.  As Socrates himself points out, the slave boy’s two failed attempts to solve 
the problem posed are an important stage towards his learning the correct solution.  They 
prepare his mind by making him understand better the conditions which a correct solution 
must satisfy, and also motivate him to take an interest in finding a correct solution.  It is 
because of this preparation of his mind that, when Socrates draws the crucial diagram, the 
slave boy can recognise that it contains the solution to the problem.  Without the initial 
preparation, he might well not have realised this. 

Generalising from the examples of the slave boy, Poincaré and Fleming, we can 
say that Meno-like discoveries are common in both mathematics and medicine.  In 
mathematics, it is quite standard to seek for a quantity which satisfies certain conditions 
without knowing whether such a quantity exists; while very often in medical research, the 
researcher is looking for something which will have the properties necessary for curing a 
disease.  So there is a structural similarity, which might at first not be suspected, between 
mathematical and medical research.  Successes in both fields can involve Meno-like 
discoveries. 
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