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1
ARCHIMEDES, A KING IN NEED OF HEALING, AND THREE PRINCES FROM SERENDIP: THE TRAVELS OF AN ORIENTAL NOVEL



Athens is in turmoil. Between 440 and 430 BCE, Pericles’s circle of friends has been indicted, and a lawsuit has even been brought against Phidias, the city’s legendary sculptor and architect. The accusation regards an enormous chryselephantine statue of Athena Parthènos that is to be placed in the Parthenon. According to Greek historian Thucydides, the statue was 12 meters high and weighed 40 talents, so was 1,040 kilos at least. Chryselephantine does not mean it was a 1-ton golden elephant but rather that the statue of Athena the virgin, standing upright as a warrior, was made of gold and ivory. And it was right there, in the shadow of the Acropolis, that the hoax would come to pass.

Not only was Phidias an excellent sculptor, Plutarch reminds us, but he was the director and superintendent of public works in Pericles’s Athens. And this is precisely why he was frowned on by the city’s wealthy classes, which were being suffocated by taxes that were needed to finance the works and provide employment for droves of workers and artisans. It might have been a political conspiracy against Pericles the Keynesian, or nothing more than the simple envy of a less talented assistant, a man named Menon who never went down in history. In any case, whatever the reason, Phidias was accused of immodestly portraying himself on the goddess’s shield, and more important, cheating on the gold and ivory composition of the colossal statue. Some sources report that the trial did not go well for him. In fact, the judges believed that the gold had been stolen. This was despite the fact that Pericles, who was already up in arms against Sparta, had the gold removed from the statue and weighed, verifying that no gold had gone missing. Even this was not enough, however, to convince them of his artist friend’s innocence.


CHEATING GOLDSMITHS

Whatever the outcome of the Athenian debate, a theoretical problem probably arose on that occasion that intrigued many sages of the past: What must one do to establish whether or not an object is really made entirely of gold? To put it another way: How do you detect a sculptor who wants to pass off an object as being pure gold? Two centuries after Phidias’s misadventure, one of the many unverifiable stories surrounding the Syracusan mathematician and physicist Archimedes concerns this issue. The city’s tyrant, Hieron II, commissioned a goldsmith to make a gold crown, or perhaps a wreath, a victory garland, as a token of gratitude to the gods. He entrusted him with a certain amount of gold, and when the work was completed, the weight matched. So no problems, right? No, because soon after, the king began to be suspicious of the artisan’s honesty and so asked Archimedes to find a way of checking whether or not the garland was pure gold, but without breaking it or taking it apart given that it was a votive offering. Not easy!

Archimedes spent a long time racking his brains on how to discover the possible fraud until—according to Roman architect and writer Vitruvius in the ninth book of De architectura—one fine day by chance, while relaxing in the spa baths, the solution suddenly dawned on him. We will return later to the highly implausible stereotype of the mathematician running all around the city stark naked shouting, “Eureka, I have found the solution.” So what did Archimedes realize while observing the water overflowing out of the bath as he got in? That the quantity of water was equivalent to the immersed volume. Therefore he came up with an experiment: he took a mass of silver that weighed exactly the same as the king’s wreath and measured how much water was displaced—that is, the volume. Then he carried out the same procedure with the same amount of gold and noticed that there was less displaced water because the density of gold is higher than silver, meaning that with equivalent weights, the volume is less. At this point, all he had to do was to immerse the real crown of Hieron to demonstrate that its volume was halfway between the two previous measurements, thus showing that the goldsmith had cheated and the garland had been made by mixing gold and silver. It was not all gold.

In short, Archimedes’s reasoning regarded the concepts that would later be referred to as density and specific gravity. This was purely intuitive, though, because the Greeks did not relate different quantities to each other such as weights and volumes. Still, Galileo was skeptical of Vitruvius’s story and the possibility that the supreme Archimedes could have made such a sweeping calculation of volumes. He preferred the version of a Latin grammarian named Priscianus, who in the fifth century CE argued that Archimedes had arrived at the solution in another way, namely by immersing a scale in some water, and placing Hieron’s crown on one plate and a quantity of gold of the same weight on the other. He was able to observe that the tray with the crown rose because it occupied more volume and thus received a greater upward thrust. This second method, in addition to being more accurate, is actually more consistent with Archimedes’s principle of hydrostatic buoyancy, thereby inspiring Galileo to produce a precise description of hydrostatic balance, which measures the densities of bodies, in one of his early works, La bilancetta, in 1586.

It is important to note one detail, however, which we will come back to later in this story. Whether or not he used the volume or weight method, in both cases, Archimedes did not accidentally find something he had not been looking for. On the contrary, he received a specific assignment from his king. Archimedes had received a specific task; in short, he had to solve a practical problem. In trying to come up with the solution, perhaps a little half-heartedly, he confirmed a general principle he might have already been pondering over. This we cannot know. His bathing that day in the spa pool may perhaps have offered him a cue, but the solution he found was exactly what he was seeking.



WEIGHING ELEPHANTS

Now let’s embark on a journey through space and time. We are in 1301, in India. In the rich, multiethnic sultanate of Delhi works a sublimely skilled poet, a contemporary of Dante. His name is Amir Khusrau, and he is regarded as the greatest author of Persian culture, having lived in Muslim India from 1253 to 1325. His father was a Turkish military man, an infallible archer and militia leader, who dies early. His mother was Indian, the daughter of a wealthy landowner who will raise Amir and introduce him to arms. Young commander Amir, following Prince Sultan Muhammad, participates in the defense of Multan, which is threatened by Mongol raids. He is taken prisoner and tortured, but survives, returns to his homeland, and studies poetry in Budaun, a city of mystical associations and hermetic schools.

The boy is extremely able, passing through the succession of no less than three dynasties unscathed: the Turkish slave kings, Khalgi Afghans, and Tughlaq Turks. He writes a book on the art of speech, five songbooks, historical tales, the only Persian poem about a true love story, and The Alexandrian Mirror about the exploits of Alexander the Great. Attracted by the figure of Jesus and a highly regarded Sufi singer, he founds a school of writing, and his masterpiece, The Eight Tales of Paradise, appears around 1301. It is a “rhyming” response—that is, literary challenge—to a famous poem of the previous century by Nizami of Ganja: The Seven Effigies, or seven figures, of 1197. Nizami is another renowned Persian poet, also of Turkish descent, who lived in the Caucasus area. Both Khusrau and Nizami produce evocative collections of varying texts, drawing on a millennia-old and rich narrative tradition that spread from East to West, branching out from antiquity to the Middle Ages and up to the modern age.

Many others then also “respond in rhyme” to Khusrau, and one version even ends up in the collection of naturalist Federico Cesi, a friend of Galileo and one of the founders of the Accademia dei Lincei in 1603. This multidirectional contamination between different cultures in a world full of contacts and people on the move is particularly evident because these Persian texts contain Greek and Latin proverbs, with quotations from Plutarch, Virgil, and Plautus. It should come as no surprise, then, that at some point in Khusrau’s The Eight Tales Paradise, as if it were a literary piece brought to the surface by some karst river between East and West, the very story of the cheating goldsmith reappears.

In the third novella, an eminent jeweler presents the king with a magnificent two-ton zinc elephant. The sovereign is impressed and challenges him to make one that weighs ten times as much and is made completely of gold. The artist sets to work and delivers it to him. Yet the generous payment provokes envy and discontent, as in the Athens of Pericles, and soon someone suspects that the goldsmith has defrauded the king through the art of alchemy. The unmasking of the forger here, however, comes about in a different way. The jeweler confides to his wife and explains the method for weighing the elephant without breaking it: simply place it on a ship and measure how high the waterline rises, then remove it and put an equivalent weight on the ship until the ship lowers to the same line. It resembles Archimedes’s technique, but it lacks all the refinements concerning volumes and the scale immersed in water. The king learns of the method, applies it to his golden elephant, and discovers that it is lighter than it should be: the goldsmith has stolen a tenth of the gold, mixing it with copper.

The rest of the story contains surprising praise for the sheer cunning of the swindler, who is indeed condemned to starve to death on top of an obelisk. Thanks to the complicity of his wife and an ant, who brings him a silk thread attached to a rope, the swindler nevertheless manages to free himself. The ruler is so impressed by his cunning and experience that he decides to be lenient and hires him as an assistant. The moral is that “he who is endowed with a spirit of endeavor, earns half a kingdom.” All of Khusrau’s novellas, in an atmosphere of sensual eroticism, are heaped in subterfuge, magic, a search for clues, stratagems, and intelligence tests. And it was precisely following the clash between two proud minds, of a man and woman, that the whole story began.




TALES OF PARADISE: STORYTELLING THERAPY

Khusrau narrates the exploits of the wise, just, and hard ruler Bahram. This is probably Bahram V, a Sasanian emperor who ruled Persia between 420 and 438. He is a frequent character in these stories and already a hero in Nizami’s poem. He was the king who separated the Christian-Nestorian and Byzantium churches. Khusrau adds that after stabilizing the kingdom, Bahram, who was an expert hunter, did nothing but organize banquets and hunting parties. One of these features a beautiful Chinese slave girl, Dilaram the Comforter, a literary figure apparently inspired by one of Alexander the Great’s handmaids. So the king’s horse flew in search of onagers, the wild donkeys of the steppes of Asia.

Before this, in the first prologue, a quarrel takes place between the king and slave girl. Dilaram challenges the sovereign archer, asking him to shoot an arrow so that the male deer becomes a female and the female a male. Bahram succeeds with a masterful shot, but the woman is not satisfied and accuses him of witchcraft. The king is annoyed and accuses Dilaram of insolence for doubting that he is the best archer. He repudiates her. She tearfully flees into the desert and arrives at an oasis. She enters the home of a settler, a secluded philosopher, great hermetic sage, and sublime musician who had also been a teacher in Rome. She becomes his adopted daughter and pupil, learns the art of science, and plays the lyre wonderfully. Her fame as a sorceress, who puts animals to sleep and resuscitates them, spreads as time goes by. The intrigued king goes to see her, asks her about spells, and then provokes her, saying that they are spells that many people can do. The sorceress gives a witty reply in such a way that Bahram recognizes she is Dilaram. He therefore forgives her and escorts her happily back to the palace.

In the second prologue, there is no trace of the beautiful slave, which clearly shows it is a collection of traditional texts. The hunter-king suffers from cravings and is always wandering across the steppes, through forests and over the mountains. He can find no peace and acts like a predator, but in reality he is prey to inordinate passion and melancholic desire. The kingdom is abandoned. The desperate councilors ask the wise man of the land, Nu’man the unveiler of the arcana, for a plan to bring him back. Nu’man summons seven virgins from the seven neighboring realms in exchange for treasures. Then he has an enormous palace built in a heavenly garden with seven pavilions of seven colors, one for each day of the week. The story is reported to the king, who decides to return. A tale per day, in a lodging per day, with a handmaiden per day: this is the thaumaturgic power of narration, the drug of storytelling that Avicenna spoke of, the therapy for all evil.

Nizami had already dedicated his work to the power of the word, to the cure of storytelling: “What remains in memory of the sons of men is nothing but the Word, the rest is nothing but wind.” The word is like the pearl, and the poet is its diver. This is also the reason why the Indo-Persian works of Nizami and Khusrau are thought to be part of the same tradition of wise tales such as the adventures of Sindbad the Sailor, or those of the Seven Viziers, known as well in Europe as the Book of the Seven Wise Men, or the Book of the Seven Sages of Rome, which were so appreciated in Renaissance scholarly circles, and were subjected to endless reissues, reinterpretations and reworkings. The tale of the seven wise men says that storytelling is a panacea for all the wrongs in the world. In Nizami, seven brides heal a king through their storytelling. The seven ladies in Giovanni Boccaccio’s Decameron provide comfort for those gathered during a pandemic. Similar situations arise in The Arabian Nights, to which Sindbad’s seven journeys were added.

In Khusrau, the most refined of them all—amid effusions of musk, saffron, basil, pomegranate, violet, sandalwood, and camphor—the threat is no longer an external one such as the plague or Mongols but rather completely internal and psychological: it is the mysterious illness of the king. The inherent misogyny that runs through these narratives is mitigated by the fact that every time, the world is saved by women. Khusrau dedicates his masterpiece to his young daughter and strongly criticizes the institution of the harem. The “mirror of princes” remains in the background of these tales—that is, providing lessons regarding how to reign, including etiquette toward women—but Khusrau prefers more to highlight the arts and techniques behind the ability of humans to get out of tricky situations.

So Bahram now wanders around his paradise of seven pavilions and is ready to be enchanted. The Sunday novella, told by the midday lady in the saffron-yellow loggia, is the same one as the tale of the swindling goldsmith we have already met. The Monday novella, told by the lady of Slavonia in the basil-green loggia, is a story of metempsychosis, where a wizard teaches magic to the king. He lets a minister know, and the minister betrays him by transferring his soul into the body of a deer. The king, however, manages to pass into a parrot, and the talking bird amazes everyone in the city. Then with the help of his wife, he takes revenge on the minister. In Khusrau’s delightful prose, the final amorous union is described as follows: “And together they were a swirl of basil and jasmine.”

In the Tuesday novella, in the garnet-red loggia, the Lady of Tartary tells the tale of five companions who are virtuous in all techniques. One of them is a prince who is bewitched by a beautiful secret woman, the king’s mistress. She is hidden in the pagoda dedicated to Mani, in the Manichaean school. The four friends manage to intrigue her, and she falls in love with the prince. There then follows a love affair where the woman tricks the king by doubling herself and appearing as a look-alike until she finally escapes with the prince.

The Wednesday novella, under the color purple and told by the lady of Rome, is the most disjointed. The son of a rich merchant hosts travelers from far and wide in his house. One of them tells him of a spell in France: whoever manages to escape from an evil maze goes mad and can no longer speak for ten years. He is unable to stem his curiosity, and like Bahram, has the melancholic urge to desire anything he does not possess. He decides to set off for the labyrinth and enters. Once inside, he is subjected to magic, sorceresses, witches, human-eating birds, spells, deception, and much illusory sex. He eventually manages to escape. He returns home in silence, dressed in a purple robe, rambling to himself: he is a living warning against curiosity and the failure to feel satisfied with what one has.

In sandalwood pink, in the Thursday novella, the lady of Arabia tells the funniest story. Laughter is a healer too. The king’s enlightened son discovers the relationship between his stepmother and the minister, who together plot against him. His father does not believe him, and he is exiled. During his travels, he meets three engineers who possess the techniques required to make him invisible and hypnotize people, plus a wild genie inside a statue who grants all wishes. The son returns, and revenge is incredibly simple in the midst of invisible slaps and branding on the backside. Eroticism is at the core of the Friday novella, told by the lady of Corasmia in camphor white. A great philosopher invents a statue that laughs at anything false, so revealing it is untrue. The king uses it to test his four would-be brides. After hearing the seductive lies of the first three, he realizes that he can only trust the fourth.



THE THREE PRINCES OF SERENDIP

What we are interested here is the Saturday novella. This time the pavilion is moss black, and the lady of India is the speaker. She tells the story of three princes from the kingdom of Serendip, which once stretched from Afghanistan to the ocean. The three are exiled by their father, a monarch whose diadem is “marked with the emblem of Adam’s footprint.” He has educated them in all the arts, and they are good boys. Yet he wants to put them to the test. First he controls their ambition and discovers they are humble and reverent. He then pretends to be angry and drives them away. In his heart, he wants his three sons to explore the world, gain experience, see the customs of other people, and become even more perfect, so ready to rule. The narrative pattern clearly regards the rite of initiation into adult life.

The three princes of Serendip, as wanderers, enter an even larger empire in the other hemisphere of the world. The name of the king is not given. They call themselves “foreign travelers in search of the nourishment of fate” since “our aim is nothing more than observation.” They wander around the world—writes Khusrau—like rationalists, physiognomists, able in analogical reasoning. They meet a cameleer who has lost his camel, and the three tell him they have seen it. To prove it to him, they refer to three clues, one each: it is blind in one eye, has a tooth missing, and has a lame leg. The cameleer confirms this and runs away to look for his camel, but cannot find it. On his return, he again meets the three princes, who give him three more items of information: it carries oil on one side, honey on the other, and a pregnant woman on his back.

At this point, the camel driver becomes suspicious, thinking they have stolen the beast, and so he reports them to the king. Before his majesty, they justify themselves by explaining that it was just a prank: “Without meaning to, the lie we told him just happens to be true.” In practice, they invoke a kind of chance coincidence between their suppositions and reality. The king replies that it is highly unlikely that as many as six “inconclusive lies” all coincide with reality (How could you blame him?). Therefore he accuses them of theft and puts them in jail. Luckily for them, shortly afterward the camel driver finds the woman and the animal, and exonerates them. At this point, the observational skills of the three princes are clearly evident: they have in fact got all six features of the scene exactly right, never having seen the camel before. When questioned by the king, the three young men explain what clues they had used to guess the specific details of the animal and pregnant woman.

The sovereign is astonished by their “irreproachable physiognomy” and decides to keep them with him so he can spy on them in order to learn their secrets. While they are attending a banquet, the three princes make three more speculations, which turn out to be true: the wine they are drinking comes from a vineyard that had been planted on the grounds of an old graveyard, the lamb they are eating was raised on bitch’s milk, and the monarch is not of pure noble blood because he is actually the son of a cook. Hard-hit particularly by the last assumption, the king verifies that it is all true. His mother had betrayed his father when he was young and confesses this to her son. Regretting this latter investigation, the king has the three princes tell him again how they were able to understand “those hidden facts.” The clues to his illegitimacy lay in the fact the king had no dynastic mark, his physiognomy, and the observation that he always talked about bread. This is how the princes of Serendip “looked for the king’s secret, using experiments.” At this point, the ruler, in order to avoid “going out of his mind with rage,” rewards the three “fickle wanderers” and sends them home again. Here they meet up again with their elderly father, who instantly feels rejuvenated due to his joy at seeing them and cedes his kingdom to his eldest son.

The Saturday novella therefore also has to do with cunning, clues, initiation tests, continuous searching, vicissitudes, and adventurous torment. Its literary destiny, though, will be considerably different from all the others. Its narrative pattern was also very old, perhaps of Arab origin, with zoological variations. In India, it involved an elephant; in the Middle East, a camel; elsewhere, a horse. Its deep-rooted origins are lost in the oral traditions that spread across Persia, India, the lands of the Kirghiz and Tatars, and the Babylonian Talmud (where the story appears of two Jewish slaves who gain their freedom by guessing that a camel who is blind in one eye and carrying a load of wine and oil is advancing ahead of them, plus other details), and found in Sindbad and the Seven Viziers. It arrives in the West as well and appears at the beginning of the thirteenth century in the Danish legend of Hamlet and at the end of the fourteenth century in The Novelliere by Giovanni Sercambi of Lucca, a century after The Eight Tales of Paradise by Khusrau. The theme regards the pleasure of free investigation: facing the uncertainties of the world and trying to interpret them, using apparently insignificant clues to unmask hidden realities that cannot be immediately experienced by the senses.

Also in this case, it should be noted that the three princes are not looking for anything at all. They go out for a stroll from time to time, exercising their keen wit, and engaging in feats of observation and deduction, occasionally offer their beneficial services to others. The story begins with them playing a joke on the cameleer, providing a display of investigative skills for the sheer fun of it. The main point of the novella is their ability to track down clues based on the dictates of physiognomy and semiotics. According to historian Carlo Ginzburg, the two meanings of the Sufi word firāsa are clearly evident. It can be translated as physiognomy in a general sense—that is, the ability not only to interpret a person’s psychological traits from their somatic features but also being able to move immediately from the known to the unknown, from the visible to the invisible, on the basis of clues. This circumstantial knowledge is associated both with mystical intuition and inductive divination (toward an unknown future) as well as with forms of practical wisdom and visual insight seen in the three princes of Serendip (who instead discover hidden realities in the present and past).

Sarandib was the old Persian name for Sri Lanka, the island of Ceylon, or Silan, or going back further still, Serendip or Sarendip, which derives from the Sanskrit root siṃhala. Often associated with the mythical Eden, the Taprobana of the Greeks was known to be the richest island on the globe, full of legends concerning undersea pearls, immense mines of precious stones, and lush forests full of exotic fruits and medicinal plants. Human and religious diversity prospered there too, including Persian authorities, not far from the Christians of the preaching of Saint Thomas, Buddhists, Muslims, and Hindus. The mountain of Sarandib was above all an important maritime hub, known as Adam’s Peak, a natural beacon for sailors on the routes between the Persian Gulf, Horn of Africa, and Indian Ocean. According to a Persian tradition, this was the very rock where Adam himself had been exiled from paradise and left an imprint of his foot.



AN ARMENIAN IN VENICE

Now onward to another journey, jumping through space and time. Two and a half centuries following the spread of Khusrau’s splendid novels, something unexpected happens in a completely different area of the world, Venice. The main character is a certain Christopher the Armenian. Biographical snippets fade away in the surrounding fog. Although almost nothing is known about him, he is thought to have been a foreign guest in Venice visiting from the East through proxies and ambassadors. He lived for at least three years in the lagoon with the wealthy Giustinian family. He introduces himself claiming he is a native of Tabriz, now in Iran. He was a practicing Christian, and his original name might have been Messichi or maybe Chachatur. It seems he succeeded in taking refuge in Venice thanks to a papal pass (dated April 24, 1552, under Pope Julius III), and so was able to flee the tensions between Turks and Persians regarding the possession of Armenia. Christopher felt gratitude toward Venice, a city open to foreigners and the exiled as well as well governed and ready to welcome other strangers and their knowledge.

He writes saying that he had been helped by a friend, perhaps a dragoman (a professional figure who is in some way a translator but also an ambassador) who does not wish to be named. In 1557, the printer and publisher Michele Tramezzino publishes a novella by Christopher with the following title: The Three Princes of Serendip, by M. Christoforo Armeno, Translated from Persian into the Italian Language. The novella is dedicated to the Venetian senator “Sig. Marcantonio Giustiniano, the son of the esteemed Signor Girolamo, prosecutor of San Marco.” Some will later suspect that Cristoforo Armeno is in fact a pseudonym of Tramezzino himself. What is certain, however, is that the novella is an import. It has the same narrative ingredients as Khusrau’s original, although with a different structure. The stories are more irregular and seem like a collection of juxtaposed texts. Armeno has intervened heavily in the original texts: he splits and rearranges segments, introduces a profound Christian element, eliminates all of Khusrau’s metaphoric fabric, and suppresses references to the erotic wisdom tradition. The result is a restructured and simplified text, which reads as a mere succession of facts in a tempered and accommodating oriental style.

The publication is no coincidence. Tramezzino was a great disseminator of Latin classics, edited Italian versions of Spanish romances of chivalry, and various translated oriental works. Sixteenth-century pseudoexoticism and Orientalism were, in short, well established in Venetian publishing. Antonio Manuzio was also interested in the Persian world and stories of travels to the East. Moreover, there was some geopolitical interest: at that time, Venice was unsuccessfully trying to form an alliance with the Persia of the Safavids in order to create an anti-Turkish front. Michele’s nephew, Giuseppe Tramezzino, later became the official interpreter for oriental languages.

The loss of style in the 1557 publication is evident when compared to Khusrau’s masterpiece: the descriptions are less vivid, and many of the original metaphoric inventions have disappeared, as have the refined psychological descriptions, erotic outbursts, and best narrative techniques. But that simple statement would be missing the point. In Armeno’s version, Sarandib, which he Italianized as Serendippo, appears in the title, and the story of the three young men becomes the framework of the entire narrative, which contains the story of Bahram and Dilaram, with the intermediate construction of the seven pavilions and a search for the truth. Also here, the three princes demonstrate a science based on phenomena and the physical world. The aim of their physiognomy is to do good. In fact, they help the cameleer and save the ruler. Bahram becomes a wise and great king, rather than the immature and imperfect version in the oriental originals. The tales of interpretative wisdom are the central issue, and the three princes become the archetypal detective. The world is full of polyvalent signs that need to be interpreted.

Serendip is ruled wisely by Jaffer, the philosopher king. He has three sons, who are inseparable and highly educated, but of abstract doctrine. Humble as they are, they feel they are not ready to rule while he is still alive. The king, however, is old and wants to retire to a monastery to do penance and rest, so he decides they need practical experience, not only knowledge from books. They therefore must go out and see the world, observe other customs and nations, and open their minds. The beginning is thus the same: an invitation to gain practical knowledge and journey of initiation.

As such, the king expels the three princes, pretending to be angry and accusing them of disobedience. The three pilgrims arrive in the lands of the powerful emperor Bahram, namely Bahram V. They meet a cameleer, and things go in the same way as Khusrau had described. When the three princes apologize to Bahram, who imprisoned them, the dialogue follows the Persian themes: we are three explorers, they say, in search of wonders, and we played a prank, but the clues “by chance turned out to be true.” This is the only reference to chance, inserted in their defense, in the entire novella. Naturally, the emperor does not believe it was mere coincidence that the six clues were found to be true: you were right because you are three thieves and murderers, he replies.

Once released after the animal has been found, the three princes speak to Bahram and reveal the art behind their clues: they understood that the camel was blind in one eye because it was grazing on the grass on the worst side of the road. Had it been able to see with both eyes, it would have chosen to eat on the other side. They realized it had a tooth missing because the chewed-up morsels of grass could pass through the space of a tooth. The fact it was lame was because the fourth footprint suggested a dragging foot. They saw that the presence of butter on one side of the animal was because there were many ants, and the honey on the other was because there were many greedy flies. The fact it was a woman on the camel’s back was because of the footprint and urine, which one of the three princes had smelled and then been overwhelmed by carnal lust. Finally, the woman was pregnant because in order to get up after having urinated, she had used both hands to stand up, leaving behind the prints. And so the logic behind the six clues is revealed.

The king spies on them and verifies the correctness of the other three hypotheses, after which comes the second circumstantial reconstruction of the young princes: the wine comes from a vineyard that was once a graveyard because it provoked sadness in the people who drank it; the lamb was bred with bitch’s milk because its meat left the mouth salty and full of foam; and finally, the king’s adviser wants to assassinate him because he had condemned his son to death (gone is the excessively rough story of the king being the son of a cook). The three detectives came to this conclusion because the adviser blushed and asked for a drink during a speech by the emperor regarding punishments for the wicked. Bahram asks the princes how he can unmask the treacherous councilor, and the three come up with a successful ruse that leads to the confession of the offender.

Up to this point, therefore, the three princes have demonstrated their wonderful powers of observation, wisdom, and incredible accuracy in their gathering of clues. They do not find what they were not looking for, though. They simply put their remarkable intellect on show, and in doing so become popular with the powerful. Armeno simply introduces them to us as masters of “abduction”—that is, of finding the best explanation for the data at hand. They achieve this by moving from the effects back to the causes, managing to interpret the world and events. They collect apparently random clues, interpreting the signs and traces like bloodhounds, reconstructing possible scenarios.

The rest of the novella is an interwoven remix of oriental fairy-tale patterns. Bahram’s envious uncle has the mirror of justice stolen (which blackens the face of those who are guilty) and takes it to India. The three princes set off on an expedition in an attempt to resolve this problem. They free India from an evil spell (there is a hand that comes out of the sea and kills one man every night), and the queen asks the second born of the three princes to marry her, after he has brilliantly solved two mathematical riddles. So another test of initiation and abductive skills is passed.

This is where the original narrative structure of Khusrau and the seven novellas takes form. The story is dominated, however, by the three princes, while in the meantime Bahram falls into depression because he thinks he has had his beautiful lover, Dilaram, devoured by beasts in the forest given that she had challenged him during a deer hunt with witty and mocking words. Bahram again asks the princes to heal his infirmity. The three suggest that he build seven palaces in the country, and a virgin and a novelist will live in each one. The king will be cured by spending one day of the week in each of the seven palaces, listening to a novella.

So we return more picturesquely to the story of the transmigration of souls into animals by necromantic magic; the story of a prince who does not accept that he has married a woman who is more intelligent than himself and pays the consequences; the story of the sultan’s son who had discovered his stepmother’s love affair, is exiled, and then takes revenge by returning armed with magical powers; the story of the statue that laughs when it hears a lie and helps the king choose his only sincere bride to be; and the story of the king’s mistress who doubles up because she falls in love with a handsome young man, with whom she eventually elopes. To a lesser extent, there is a return of the Archimedean story of the cheating goldsmith, who is unmasked by the ship method, but is eventually pardoned by the king for his intelligence (trying to escape from a prison tower by having silk threads brought to him by ants with their heads covered in sugar).

Armeno’s final twist in the plot, perhaps the only stylistic invention worthy of note, is that the Sunday novella brings back Dilaram, who Bahram discovers is still alive. And so we arrive full circle. He rushes off to bring her back, they reunite, and the emperor is cured of his illness. So in the final pages, the reader discovers that the seven novellas themselves were nothing more than a ruse invented by the three princes of Serendip! And so the moment arrives for the third discourse on abduction or the art of reading clues: in order to heal the king, first of all they decided on a good night’s sleep in the seven palaces, which would be full of laughter and the solace of stories (the healing power of storytelling); then seven virgins at his beck and call to help him forget his suffering linked to Dilaram; and finally, the third prince says that he realized that the beautiful slave girl had survived, “there being not a single sign of her death in the wood,” and thus by summoning a large number of storytellers, it was statistically probable that someone would tell the story of Dilaram. More clues, and in the end everything fits together.

The happy ending is served. Filled with joy, Bahram covers the three princes with treasures and finally sends them back to Serendip. The old and now sick Jaffer welcomes them with outstretched arms. After checking that they had fulfilled their task and were now “perfect” because they had “doggedly pursued the acquisition of the various manners and customs of different nations,” he blesses them and dies. The firstborn succeeds him and governs wisely. The second, who has promised to wed the queen of India, returns to her. Bahram, who is now an old man, offers his daughter in marriage to the third prince. This means that, by the end, the three princes of Serendip reign over the kingdom of Serendip itself, the kingdom of Bahram, and the kingdom of India. In practice, they govern the entire Orient. Not bad as initiations go!



WALPOLE’S MISUNDERSTANDING

The destiny of the tale translated by Armeno was no less twisted and bizarre than its contents. It became an immediate success, with four editions in a century, and was translated into German as early as 1583 and later into French thanks to Louis de Mailly in 1719. It was then also translated into English, Danish, and Dutch. The novella was retranslated and reprinted constantly up to the twentieth century. The narrative framework of the initiation ritual and story of the hero, after all, has always captured the imagination of the human mind: evil and good, trials, failures, the danger of imminent death, sudden salvation after hitting rock bottom, a change in fortunes, new trials, and so on.

The story is steeped in falsehoods: the father pretends not to be proud of the answers provided by his three sons so he can refuse to pass on his kingdom to them, the three princes pretend they have seen the camel, and then there follows a cascade of magic, deceptions, illusions, spells, and confusion between dreams and reality. Above all, no one is deliberately looking for anything; there is no hidden treasure. The three princes of Serendip do not accidentally find something they were not looking for. Rather, they put on show their sparkling intellect, prudence, and subtle circumspection, together with their science and creativity. The role of chance is entirely marginal in both the original Persian version and Venetian translation. The special quality of the three heroes is that they never resign themselves to their destiny, but rather make the correct abductive associations.

In the two versions of Khusrau and Armeno, the investigative wisdom is not casual. It is planned, prepared, and developed. The princes of Serendip are three natural investigators who uncover the most diverse and varied realities: the bogus origins of a king, an ongoing betrayal, the negligence of a winegrower and breeder, and a passing camel with a pregnant woman on its back. Thanks to physiognomy and symptomatology, the characteristics of external forms provide them with information that they can use to investigate the intimate and hidden nature of things. In short, the Book of the Seven Wise Men comes to Venice—through Nizami, Khusrau, Armeno, and who knows how many others before them—in the form of another version of alchemical quintessence: the search for a real or metaphoric philosopher’s stone that is the final and constitutive element of the world. This search is in a sense a forerunner of the detective novel: deciphering footprints, signs, and clues in order to arrive at the truth, as hunters do, doctors have always done in their anamnesis, and Sherlock Holmes would later do. It is a matter of arriving at truths that are often posthumous, as grave robbers, archaeologists, and paleontologists well know. And here, one can also see a relationship with experimental and observational verification as well as knowledge through counterevidence.

With this strange load of meaning, the pilgrimage of our oriental fable meets a new twist two centuries later. In the eighteenth century, interest in the East was flourishing in France and England due to trade and political connections, and Venice was a point of contact thanks to its refined merchant and international aristocracy. At the beginning of the eighteenth century, The Arabian Nights was translated into French by Antoine Galland and was a huge success. Through oriental tales, it was possible to tell licentious stories, break free from classicism, and even indulge in harsh social criticism. Consider, for example, Montesquieu’s Persian Letters. The love for the Orient spread across the Channel too, influencing the incipient Romanticism, but here there was a more imaginary and moral tone instead of the social criticism that emerged in France. On British soil, these stories were used to emphasize the role of destiny in individual lives and an aversion to chance as well as the hedonistic paradox of people who, desiring happiness at whatever the cost, fall into misery.

Among those making fun of the well-meaning moralism of the English regarding these oriental fables is a strange intellectual, a connoisseur of oddities and paraphernalia: Horace Walpole. He was an aristocrat, remembered as a modest man of letters, collector of art and objects of insignificant value, expert in heraldry, antiquarian, idler, and graphomaniac (forty-eight volumes of his correspondence remain, or almost as many as Charles Darwin a century later). His epistles are amusing, brilliant, biting, and picturesque, and were reevaluated by critics at the end of the nineteenth century. Known as the author of the first Gothic novel, The Castle of Otranto in 1764, he was a man of talent, but deviant, unconventional, unsympathetic, narcissistic, frivolous, and a lover of pure nonsense. One critic declared that Walpole’s heart was not so different from his home: a treasure chest full of enamels, painted eggs, ambers, lapis lazuli, cameos, vases, and rock crystals.

Regarding his character, he was portrayed as a slave of elegant trifles and hoarder of junk; he showed indifference and affectation for everything. He was lazy, fussy, celibate by nature, and lackadaisical, but always self-deprecating and sensitive (perhaps just shy), and although he was the third-born son of an English prime minister, he rarely occupied his Liberal seat in the House of Commons. He built himself a mansion, Strawberry Hill, in Twickenham, then southwest London. The house was characterized by trendsetting neo-Gothic architecture and included a workshop of curiosities together with a print shop. Walpole may well have been a lover of the ephemeral, but as a scholar he had taste, and gossip aside, he did not lack social criticism. His oddities included a passion for neologisms. In his constant flow of letters, he coined new words such as smuckle, womanagement, and greenth, meaning “greenness,” without, however, any success. He also invented tinker up, which was in a sense a part of his trade.

He liked saying that “this world is a comedy to those who think, a tragedy to those who feel.” He was good at twisting the meaning of words and associating ideas that were at first sight disconnected. It was this mind, which was so accustomed to bold analogies, that produced the term serendipity. And in line with the concept, the word serendipity blossoms from a misunderstanding and misconception. It is easy to picture someone like Walpole falling in love with the wanderings of the three young sons of the king of Serendip. Armeno’s novella was published first in French and then in 1722 in English as The Travels and Adventures of Three Princes of Serendip.

We do not know when he first came across the book, perhaps on the counter of a stall in London, but we do know that on January 28, 1754, Walpole wrote to his diplomat friend Horace Mann. They had met in Florence during Walpole’s grand tour of Italy in 1739. The two then wrote to each other at length from 1740 to 1786. Mann had become a British minister at the Florentine court. In that letter in 1754, Walpole tells him about his retrospective investigations into Florentine intrigues and the sorry end of the Grand Duchess Bianca Cappello and Francesco I de’ Medici, who was a fanatic deer hunter (just like King Bahram!) in the park of Poggio a Caiano. Incontinent and deranged, Francesco I had died in 1587 a day before his lover and later wife, Bianca, possibly both having been poisoned in mysterious circumstances. Walpole tells Mann about the “Sortes Walpoliance”—that is, the magic touch whereby “I find everything I want, whenever I dip for it.” A few weeks earlier, Mann had sent Walpole a portrait of Bianca to England, attributing the painting to Vasari, and Walpole had made a casual but “decisive discovery” about the Cappellos’ coat of arms by reading an ancient book of Venetian emblems.

And here is the fateful passage in the letter: “This discovery, indeed, is almost of that kind which I call Serendipity, a very expressive word, which, as I have nothing better to tell you, I shall endeavour to explain to you: you will understand it better by the derivation than by the definition. I once read a silly fairy tale, called ‘The Three Princes of Serendip’: as their Highnesses travelled, they were always making discoveries, by accidents and sagacity, of things which they were not in quest of.” And he gives the example of the clues concerning the mule (it was actually a camel as we have seen, but never mind). He then continues, “Now do you understand Serendipity? One of the most remarkable instances of this accidental sagacity (for you must observe that no discovery of a thing you are looking for comes under this description) was of my Lord Shaftsbury, who happening to dine at Lord Chancellor Clarendon’s, found out the marriage of the Duke of York and Mrs. Hyde, by the respect with which her mother treated her at table” (Merton and Barber 2004, 1–2).

So the word serendipity originated as a casual and lighthearted derivation, as a collector’s whim. Sarandib or Serendip, an ancient Sri Lankan name, has nothing to do with its meaning. Walpole chooses the word clearly because he likes its sound and the effect it provokes; in the letter, he appears pleased with the colorful invention, which he considers to be graceful and delicate, while at the same time bizarre and satisfyingly exotic. He likes the musicality of the word, which is even melodic in English with those five syllables: ser-en-dip-i-ty. That it is no more than a quirk on his part is evident because he never uses the word again in his writings! It only appears in this one letter, with a touch of self-irony (the “silly fairy tale”; the “I have nothing better to tell you”).

Regarding the meaning, there is indeed something snobbish and ironic in thinking that great discoveries can come from trivial and occasional circumstances, such as the collector’s lucky rediscovery of a gem. What is important here, however, is that Walpole gets the interpretation completely wrong. In his letter, the key definitions are “accidental sagacity” and “discovering things you are not in quest of.” We have, in fact, seen that in all the branches of the oriental novels that flow into Armeno’s translation, the word chance appears only once, and the three princes do not discover what they were not looking for. In short, there is a lot of sagacity, but little chance, just the wanderings of the three young men and their attempt to make guesses regarding what is happening around them.

We can thus say that serendipity, thanks to a misunderstanding, was born serendipitously (from the adjective serendipitous). The theme of Armeno’s novella concerns the art of circumstance and abductive capacity that enables the three princes to successfully complete their initiatory journey. They find nothing and encounter no favorable situations. Implicitly, Walpole himself admits this when he credits himself with the Sortes Walpoliance: playing at random with a quotation and reinterpreting it. This is why he exaggerates the role of luck, which in the oriental tradition is nonetheless marginal. Walpole emphasizes the unpremeditated and casual nature of discovery instead of the wisdom needed arrive at the same conclusion—that is, knowing your subject, and having intuitive familiarity with the field of investigation, experience, improvisation, and knowing how to take advantage of unforeseen situations (the champions of which are the three princes of Serendip).

Above all, on examining the letter, we can see that Walpole provides no example of an accidental discovery that took place while in search of something else. He claims that the thing that was discovered was not the object of the search, but says nothing about whether the accidental discovery could have been the by-product or unintended outcome of a previously directed search. He had not set out to look for the Cappello coat of arms, the three princes were not searching for a camel, and Lord Shaftesbury had not gone to that dinner to discover hidden marriages. All three make an unexpected discovery using their wisdom and intuition, nothing else.

Walpole then does not consider the nature of the object discovered: Was it something known or unknown beforehand? Could it have been foreseen or not? Was it important? He says nothing about what the discoverer already knew before the discovery. In short, he gives no indication of the relationship between chance and wisdom. He says nothing about whether the object “discovered by chance and through sagacity” was not sought after at all because its existence was completely unknown, or simply that it was not being sought after in that precise moment. He fails to clarify whether or not serendipity is a frequent phenomenon or an isolated case of pure luck, like during the Lords’ dinner. We will see later that this vagueness and Walpole’s crucial misunderstanding will be at the origin of the many ambiguities that continue to surround the elusive concept of serendipity today. The idea will be interpreted in a variety of ways and with a different degree of emphasis regarding the accidental nature of discovery.

Six clues may well lead to a camel, but six clues do not make a serendipity.
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JUNK, AUXILIARY VIRTUES, AND OTHER CLUTTER: STORY OF A SUCCESSFUL MISUNDERSTANDING



Walpole was neither the first nor the only one to be intrigued by the oriental tale of the three princes of Serendip. Six years earlier, in 1748, the work translated by Armeno had also attracted the attention of Voltaire, who perhaps perused it in the French version edited in 1719 by the Cavalier de Mailly, a master of gallantry in early eighteenth-century France. Thus a second, parallel, and independent tradition of interpretation was born, a sort of second offshoot, although this time more literal, without the coining of a new word and without references to Serendip. Voltaire inserts the same narrative scheme within an Arabic story dedicated to destiny.


ZADIG, A BITCH AND A HORSE

We are in the ninth century and the protagonist is Zadig, a Babylonian who is rather saadiq—that is, “wise” from his name in Arabic and Hebrew. Instructed in science by the ancient Chaldeans (on which Voltaire is ironic) as well as rich, humble, and generous, Zadig hopes to be happy, but he is wrong; he soon comes up against injustice, crazy prejudices, unreliable people, and fickle ladies. He then adopts the “Rules of Reason” to cope with life, forget the heartache, and get out of trouble. He uses logic to read “that spacious Book, which the supreme Being has laid open before his Eyes” and becomes a master of nuances; his sagacity consists precisely in this: “He was capable of discerning a Thousand Variations in visible Objects, that others, less curious, imagin’d were all alike.” Zadig, in short, is another master of abduction, just like the three princes of Serendip, so much so that at the beginning of his adventures between Babylon, Syria, and Egypt, he performs the same investigative feat.

Again, animals have escaped: the queen’s bitch and the king’s most beautiful horse. To the servants who are anxiously searching for the former, Zadig lists five clues to describe her: she is a female of a small spaniel breed who has recently given birth, limps with her left front leg, and has lengthy ears. Yet he swears he has never seen her! To predict the features of the champion of the royal stables, he also uses six clues: his gallop is perfect; he is 5 feet tall; his hoof is very small; his tail is 3.5 feet long; his bit is 23-karat gold; and his irons are 11-denier silver. Again, he has never seen the horse before.

Of course they accuse him of theft, and he is sentenced to exile in Siberia, but to his good fortune both beasts are found soon afterward. Then they accuse him of at least lying because he must have seen them. Zadig then first pays the fine (it’s Voltaire; the world is no place for the righteous) and explains to the grand council how he interpreted all of those clues: the dog’s footprints in the sand; the tracks of the horseshoes; the dust swept up by the horse’s tail; the leaves that fell from a certain height; the clothes rubbed on a stone; and other footprints. The judges appreciated “the Profundity of Zadig’s nice Discernment” and returned him the 400-ounce fine, but officials retained 398 for court costs.

Apart from the bureaucracy, which is always the same, the morality is quite different from Armeno’s. Here, the East becomes the refined screen for harsh social criticism. Zadig realizes how dangerous it is to be wise and promises himself that next time he will keep quiet. In fact, when shortly afterward he comes across an escaped political prisoner (here he sees him, so he doesn’t need any indirect clues), aware of the risks of wanting to know too much, he decides not to say anything to the authorities. The result? He is fined anyway for not cooperating. Life is hard, Voltaire comments, with only trouble and no reward.

The rest of the novella is a succession of lessons for Zadig on how hard it is to be happy in this life, not only because of human wickedness and the contradictory emotions that pervade us, but because of religious fanaticism, the obtuseness of believers, barbaric customs, and silly superstitions. Zadig suffers the conspiracy of an envious neighbor and survives in a world of flatterers, scoundrels, and liars. He becomes a wise minister; he puts an end to absurd religious wars based on doctrinal trifles; he is made to pay for his happiness and merits; Queen Astarte falls in love with him, reciprocated, and trouble begins; the jealous king wants to kill him, and he flees to Egypt; he is enslaved and emancipated; he risks being burned at the stake; and so on. At one point, he even renders his services to the king of Serendip, the fabled island that always returns in this literary vein.

The oriental theme of the specific weight of metals and commodities in an equal volume, which must be mastered in order not to be cheated by dishonest merchants, returns too. In a bitter passage, Voltaire notes, men are “a Parcel of Insects, or Reptiles, devouring one another on a small Atom of Clay.” Eventually, however, learning from an angel who presented themselves in the guise of a hermit to accept their fate, the wise Zadig, tempered by adversity and now devoted to providence, becomes king of Babylon and consort to his beloved Astarte. The hermit angel teaches him that in life, there is no such thing as chance and everything is necessary, because “Misfortunes are intended, either as severe Trials, Judgments, or Rewards; and are the Result of Foreknowledge.” Hardly a serendipitous doctrine.

This second variation on the theme of guessing an unseen animal, quite apart from the Enlightenment satire, relies entirely on circumstantial sagacity. Voltaire’s Zadig therefore interprets the oriental tradition behind Armeno more faithfully and philologically than Walpole: in addition to the irony about ancient science and the sentimental misfortunes of the protagonist, we find throughout the story the ability to solve riddles, tests of quick wit, tales of mysteries revealed, and interpretations of minutiae, details, and “Thousand Variations” where others see only uniformity. Walpole’s serendipity simply does not exist here, neither as a word nor as a concept, because Zadig, like the three princes of Serendip, does not find something he was not looking for. Actually, he is not looking for anything at all, except his own happiness in an absurd world.

It is not serendipity, but we are in any case interested. For Voltaire, what we nowadays call abduction means appreciating small differences in observed phenomena in order to arrive at a precise result, which will be particularly important for our story: describing an object we have never seen, predicting the existence of something that has never directly come under our senses, or even guessing a series of events in the past that retrospectively explain those clues. In other words, there is an unknown that must be reconstructed from the signs it has left, from traces, footprints, effects, and indirect indications of its presence.

We will return to this later, but in the meantime let us note that even in science, it is crucial to be able to describe something that has never been seen before. Great discoveries have been made by inferring the existence of entities that no one had observed before, such as Higgs bosons, gravitational waves, and geometries that disobey Euclid. Those are the camels, queen’s dogs, and king’s horses that science had not seen, yet whose existence it was able to predict in every detail. This was all done on the basis of clues, as Zadig and the three princes of Serendip do, or by drawing conclusions from theories and models, or even by intercepting physical realities represented by mathematical entities invented for fun by scientists.



SAGACITY AND MORE SAGACITY, ANYTHING BUT CHANCE

The trail that leads from the fable translated by Armeno, perhaps the first and most successful oriental novelistic text circulating in Europe during the Renaissance, to Zadig, and from these to many other modern detective stories is at the root of the detective novel as we know it today. The steps to get from Zadig to Sherlock Holmes are but a few. In 1762, Venetian playwright Carlo Gozzi, the anti-Goldoni who in the same year published the Turandot, which would inspire Giacomo Puccini, brought to the theater a fairy tale, The Deer King, which in the midst of the rococo revived the novella by Khusrau and Armeno, in particular the theme of the transmigration of souls from human to animal. So that novella continued to circulate and fertilize Western literature.

The great French paleontologist and anatomist Georges Cuvier wrote that his job as an investigator of deep time is precisely that of Voltaire’s Zadig. From a fossil footprint, one must understand which animal left its paw print millions of years ago, and from the shapes of petrified bones deduce the full features of an extinct animal. It is the same job as the investigator and the undertaking of the three princes of Serendip; “it is a surer mark than all those of Zadig” because, Cuvier confidently adds, from a few clues the paleontologist understands with “certainty” that the animal, for example, was a ruminant. So from a single detail, from a femur or piece of skull, thanks to his expertise and comparison with the remains of other animals, he can reconstruct the whole extinct creature and even its behavior. It was precisely from this quotation by Cuvier that Darwinian Thomas H. Huxley would start in 1880 to write a memorable essay, which we will come to later, on circumstantial knowledge and the idea that prophecies underlie many sciences. Yes, prophecies, but not the divinatory ones about the future; instead, prophecies about the past.

Meanwhile, in parallel, Walpole’s strange idea that the best discoveries are made while one is searching for something else unwittingly snakes through the most diverse of authors. Already Michel de Montaigne attributed success in medicine, another science of clues and symptoms, mainly to good luck. In 1679, well before Walpole then, prodigious experimenter and microscopist Robert Hooke, the discoverer of cells unjustly overshadowed by his enemy Isaac Newton, argued that inventions are almost always strokes of luck and not really within our power. Like the wind, the spirit of invention blows where and when it pleases. It is unpredictable, and one has to wander to chase it. To catch it on the fly requires the right scientific nose at the right time. It is clear that the wind brings you what it wants, not necessarily what you were looking for.

In the same years as Walpole, the chemist who discovered oxygen and much else, Joseph Priestley, openly advocated the central role of chance in research. Observations of events not yet understood attracted the scientist’s attention by chance, without any preconceived plan or known theory. A bit of mercury, the sun’s rays, a candle, and hence the discovery of a “new air”; oxygen, Priestley confessed in 1775, was completely unrelated to his initial hypotheses. It was an unexpected, improbable alien that broke in during an experiment. Priestley just did not imagine it, and in fact was slow and hesitant to grasp its meaning. But he did not call all of this serendipity.

Then comes one of those moments when someone, in equally occasional circumstances, finds the successful formula that synthesizes a happy idea. Only then, again, the idea by dint of being taken up and quoted is twisted and misunderstood. The giant of French microbiology, Louis Pasteur, gives his inaugural speech in 1854 at the Faculty of Science in Lille. It is December 7, and we are in front of a patriotic monument to French science. He was given a precise task: he had to convince the young, lazy, and spoiled industrialist scions in the audience to commit themselves to scientific research. He then chooses to sing a hymn to the value of theory, which always prevails over chance. Thus the opposite thesis to Priestley’s.

Of that speech, everyone today remembers a single sentence, extrapolated, but few go to reread it. Pasteur argues that only theory fosters the spirit of invention; what does not have immediate application is not to be despised because useful inventions arise from previous theoretical advances. Chance may play a role in individual observations, agreed, but then it is theory—that is, the trained eye of the scientist—that interprets them and gives them meaning or a framework. To be even clearer, Pasteur gives an example: the discovery of electromagnetic induction, which took place in Denmark in 1820 thanks to Hans Christian Ørsted (a friend of another Hans Christian: Andersen) with only a copper wire, Volta battery, and magnetized needle in his hand. From that new physical phenomenon, initially welcomed as a curiosity, the electric telegraph was born.

Here is the famous passage put in its original context: “And he [Ørsted] suddenly saw (by chance you will say, but chance only favours the mind which is prepared) the needle move and take up a position quite different from the one assigned to it by terrestrial magnetism” (Merton and Barber 2004, 163). Thus Pasteur’s central thesis is that taking advantage of chance observations is the most important consequence of having a theoretical mind. He does not mention serendipity and is not saying at all that science is all luck, as will often be reported later. On the contrary, he believes that great discoveries always require a deviation from theoretical expectations, provided there are any.

If you do not have predictions and expectations in mind, you will never be able to see that an accidental observation is incongruent and therefore potentially a harbinger of serendipity. Pasteur thought that without a theory to put into play, practice is nothing but routine born of habit. Chance, then, is subordinate to theoretical advances. Here in the mid-nineteenth century, the dualism between chance and the prepared mind was born, with almost everyone focusing on the former, whereas in reality Pasteur was much more interested in the latter. The quote later became a slogan: in science, chance favors (only) prepared minds.

The paradox is that the nineteenth century was full of serendipitous discoveries, as we will see in a moment, but nobody called them that, perhaps out of modesty. The expulsion of chance from science at the time was dictated by William Whewell, an influential philosopher of science and friend of Darwin. In his 1837 history of the inductive sciences, Whewell had written that there was no role for chance in scientific discovery. There is always at the outset a distinct and well-considered idea to be put to the test; it is this idea that makes the accident possible, but it is only a supposed accident. In reality, it is an accident that is sought, prepared, and desired. The context and personality of the scientist, in short, count for little. What counts in science is the idea that moves you.

Ten years later, in a book on the philosophy of the inductive sciences, Whewell, who had invented the word scientist in 1834, reiterated the point by asserting that fortuitous circumstances even vulgarize or belittle the discovery. Come to think of it, the argument makes sense. How many people over the centuries had seen falling bodies (not just apples), yet only Newton linked them to gravity. Only he followed the accident and consequences, recklessly linking the fall of bodies to the moon, while many other refined minds made the same observation without understanding it.

If we put it this way, sagacity definitely prevails over chance. Pasteur and Whewell’s fear, in giving too much importance to accidental inventions, was that of underestimating the creative and original genius of the researcher, perhaps ending up by saying that the great scientists had not really deserved their glories, having been just a little luckier than others. Accidental observations may exist, but they are like seeds that only germinate in suitable soil. And this is how Pasteur’s theory was established regarding the prepared mind, which like fertile humus, welcomes the gift of chance.



WAS IT REAL CHANCE OR IS IT JUST MODESTY?

But that strange idea of Walpole’s, that one sometimes finds something one was not looking for, continued to smolder under the ashes. Two other distinguished French scientists would return to the concept, though without mentioning Walpole. Claude Bernard, the founder of physiology and experimental medicine as well as a refined theorist of the scientific method, agreed in 1865 that science progresses through theoretical flexibility and accidental observations. A new experimental idea or new fact is fortuitously intercepted, and the theoretical framework has to be adapted. As Francis Bacon had already said, scientific investigation is like a hunt and relevant observations are the equivalent of game. As hunters well know (here the hunting metaphor returns), Bernard adds, game can present itself when we are looking for it, all right, but also when we are not looking for it, or when we are looking for something else entirely. Just as was written in that letter from Walpole to Mann, which ended up in who knows which drawer.

To substantiate his thesis, Bernard cites an experiment of his on blood sugar levels that led him to completely unexpected results. Moral: when faced with an unexpected and promising game, one should not be too faithful and attached to one’s theories! Faced with a new, perhaps puzzling fact, many scientists overlook the fact and favor the theory; this is a serious mistake, warns Bernard. One must do the opposite, even if it is painful: abandon one’s filial love for a hitherto gratifying hypothesis. Evidence must prevail, even when the theory is backed by powerful names and generally accepted. This is nevertheless one of the things the human mind does least willingly, let us admit: if the facts contradict our convictions, so much the worse for the facts.

Bernard rightly believed that preconceived ideas were the greatest obstacle to the experimental method. Physician Charles R. Richet thought so too, asserting that science is chance mixed with perseverance. Here comes Pasteur’s duet again in 1927: unforeseen events open the eyes of scientists; the person counts little, and chance much more, which is sometimes humiliating, but let us console ourselves because chance alone is fruitless and helped by perseverance. Richet cites his accidental discovery of “zomotherapy,” based on the use of meat juice against tuberculosis: in 1889, a dog fed on raw meat had survived the inoculation of the bacillus. At first the experimenters did not understand and couldn’t recognize the new casual observation: “Unforeseen facts have to force our hand to make themselves accepted” (Merton and Barber 2004, 164, emphasis in original). Then, says Richet, the experiment, which reached far beyond our poor imagination, began to speak in a way that made itself understood.

It follows that scientists cannot really plan the substance of their discoveries. A great deal of humility is required, and not only because we stand on the shoulders of giants, namely the scientists who have gone before us and allowed us to see farther. Richet, a pacifist and aircraft enthusiast, lost a pilot son in the First World War. It was he who inaugurated—in his award speech for the Nobel Prize in Medicine in 1913, obtained thanks to his fundamental discoveries on allergies and anaphylaxis—the tradition of new laureates to attribute their achievements to luck, out of true or false modesty. The discovery, said Richet on that occasion, was not the result of deep thought but rather simple observation, almost accidental. His only merit was not to have rejected it but instead to have accepted the facts as they presented themselves and tenaciously investigated them. A somewhat simple a posteriori reconstruction, like almost all a posteriori reconstructions by scientists, but effective.

Something similar was said by Nobel prizewinner in physics Percy W. Bridgman, a magician of high-pressure physics: science is largely boredom, routine, and perseverance (puzzle solving, said Thomas Kuhn); then you stumble on a fact, slam into an unexpected empirical data, and the avalanche sets in. The course of scientific development is not logical but rather dominated by random factors. Especially the early stages of a discipline are the propitious time for accidental discoveries. Another great physicist, Ernst Mach, also argued this in one of his popular lectures in 1895: in the early stages of a science, accidental circumstances prevail. The greatest inventions occurred in the early stages of civilizations, from practical uses or discoveries, and only later did method, reflection, and formalization take over. Unexpected discovery is a matter for pioneers.

No one, however, has yet to mention serendipity.



THE SERENDIPITOUS REBIRTH OF SERENDIPITY

Only an accident, this time an editorial one, could reopen the game, and so it was. Walpole, with all of his frivolity and flamboyance, had been panned by the early Victorians, lovers of utilitarianism and a certain down-to-earth, rough puritanism. It was not yet time for rediscovery. In 1833, though, Walpole’s letters to Mann were published in England for the first time, followed by the reprinting of Walpole’s ponderous complete correspondence in 1857. The term serendipity, discreetly, was back in circulation. It was the end of a long hibernation, but for now restricted only to literary circles.

The resurgence of serendipity needed a serendipitous cultural niche, the kind that fosters free and surprising connections. There was nothing better in this respect than Notes and Queries, a British magazine for educated and curious readers, full of trivia, for lovers of minutiae and newsstands. The spark was ignited in 1875, when a reader asked about the tale of a certain princess of Serendip. That reader was answered, exhaustively, by Edward Solly, a chemist, antiquarian, and bibliophile, with such precision because he combined his scientific and literary skills. Solly was a universal collector, with an immense culture. Responding to the reader, he took up Walpole’s original passage, explained that it was not a princess but instead three young princes, and emphasized the theme of the natural sagacity of those who take advantage of good fortune.

Three years later, again in Notes and Queries, another reader returned to the concept and defined serendipity as the luck of a person who sooner or later gets what they want. The reader had misunderstood. Solly politely corrected them and reiterated that serendipity does not mean pure chance, nor a stroke of luck, but rather discovering important things that the discoverer was not looking for. In 1880, it is again Solly who cites Walpole’s serendipity correctly and for the first time as an abstract model of non-intentionality: looking for one thing and finding another. It is this meaning, which is the most precise and faithful to Walpole’s misunderstanding, that the Oxford English Dictionary officially used to define the word in 1913.

But semantic confusion was still to reign for a long time. Between the nineteenth and twentieth century, the word serendipity was exclusive to collectors, archaeologists, bibliophiles, antiquarians, and amateurs of various backgrounds. According to poet and journalist Andrew Lang, the bibliophile’s serendipity is to come across by a stroke of luck the very literary document one desires at a given moment, in a forgotten corner of an archive, or in a secondhand bookstore. In 1881, he wrote, “All collectors of out of the way books know the pleasure of the exercise of serendipity but they enjoy it in different ways” (Merton and Barber 2004, 127).

Here clearly the meaning has shifted. There is the hope of finding something and an unexpected coincidence that fulfills it. The nature of the object to be discovered was clearly defined a priori. Unexpected then is not the what of the discovery but rather the how and when, whereas in Solly’s sense the what is also undefined. Then there remains the oscillation between the discoverer’s merits (they are a prepared mind, know what they are looking for, and have a natural sagacity) and favorable circumstances (chance, the stroke of luck, and the unpredictability of a favorable context).

In the same year, this new meaning appears in Notes and Queries as well: to come across the exact thing desired at a given moment, even though one would not have expected to discover it so promptly, by coincidence or who knows what mysterious forces of fate. After all, even Walpole had not been clear, saying in his letter that he found whatever he wanted wherever he plunged his hand, wherever he pointed his finger. At random, in short, but still what he wanted.

Even English dictionaries oscillated between various contradictory meanings, defining serendipity from time to time as: an unexpected, almost humorous proof of one’s own theory; happy and unexpected discoveries by chance; precious objects in the broadest sense; precious things placed where you least expect them; or an attitude, habit, or disposition, therefore cultivable, in search of something you are not looking for. So there was serendipity for all tastes, although it remained a prerogative and obsession of collectors; the competitive desire to make joyful accidental discoveries was part of their trade. They were used to uncertainties, discrepancies between efforts and results, and a revelatory data raining down on you when you are not looking for it or are looking for something else.

In reality, the degrees of randomness varied. Among bibliophiles, the probability of unexpected discoveries is lower because they have guides and catalogs. By contrast, uncertainty is highest under the skies of antiquarians, where interests and subject matter are much broader, information less codified, and an enormous amount of knowledge about various disciplines is required. Yet the most devoted to serendipity can be found here, hunting for strange objects, for junk, for that undifferentiated sediment that remains after discarding the others. Theirs were the most serendipitous of lives, the joys of the junk collector: finding just what they wanted, in retrospect, but without aiming to do so a priori. Like when wandering aimlessly among newsstands. Like when one goes shopping in the city center, but without any particular need.

In the meantime, the circumstantial and detective path from Zadig to Holmes, via Cuvier and Huxley, also continued to grow. First Edgar Allan Poe with his masterful detective Auguste Dupin, then Emile Gaboriau, inventor in 1866 of the detective Monsieur Lecoq (according to whom if you stop at appearances, you never see anything), but above all a prodigious Edinburgh doctor skilled in making diagnoses influenced Arthur Conan Doyle in bringing Holmes to life. None of them explicitly mentioned the word serendipity, but somehow prepared for its arrival as a category of circumstantial knowledge.

Between 1874 and 1876, a new method for the attribution of ancient paintings was published under a false name. It was later discovered that the author was a graduate in medicine (medical semeiotics also here was the source of inspiration), Giovanni Morelli, who had invented a highly successful procedure for making correct attributions of paintings in museums. It is useless to focus on the flashy and famous features of an author, Morelli taught. On the contrary, negligible features and marginal details, less influenced by the stylistic manner of a certain artistic school, and closer to the individuality and uniqueness, even unconscious, of the artist, are more revealing. The truth of a painting lies in the apparently insignificant details, such as the shapes of the auricles, the draperies, the expressive tics, or the background landscapes. Those are the traces, the infinitesimal clues that help us grasp a deeper reality—in this case, the hand of the author. Just like symptoms, they have an advantage: they are often involuntary, and thus more sincere and expressive.

Morelli made many sensational new attributions, discovering copies and forgeries, but also unexpected and hidden originals of great authors. He was criticized for being too mechanical, reductionist, and opinionated. Some said that one could not treat great painters as criminals betrayed by particular signs or fingerprints, a method of control borrowed, moreover, from oriental divination and announced in Nature in 1880. Who would have thought that the greatest individuality was written on the epidermal lines of the fingertips? The parallelism is obvious: the art connoisseur becomes like the detective who discovers the author of the painting rather than the perpetrator of the crime. The art connoisseur and the detective: two expressions of what Ginzburg in 1979 called the “circumstantial paradigm.”



SCIENCE DISCOVERS SERENDIPITY

Back in circulation, tastes change and serendipity is ready to take flight. The English of the Edwardian age of the early twentieth century have lost the rational and moral certainties of the Victorians, with their invincible idea of progress. A certain pessimism, cynicism, and suspicion gains ground. Lonely heroes who unearth seemingly irrelevant details that in turn uncover a world begin to become popular. Even Walpole’s whims can now be reevaluated.

From the end of the nineteenth century on, writers begin to mention serendipity explicitly too. In 1898, Grant Allen, author of feuilleton, defines it as the getting of things right. The negative is also used: unserendipity, when the right solutions do not even arrive by coincidence. In London, in 1903, Everard Meynell opened the legendary Serendipity Shop, with book curiosities of all kinds. The reason is quickly stated: Everard’s father, Wilfrid Meynell, a man of letters and publisher, was a fan of the concept and understood its expressive effectiveness to designate the discovery of clues to a crime. Customers at the Serendipity Shop were few and far between, the prices were low, and the eclecticism extreme; Everard did it for his own passion as well as for bibliophiles on the hunt for unexpected discoveries. The Meynell curiosity shop would have appealed to Walpole like crazy.

In 1912, at Harvard, a reverend of the Unitarian faith with not all of his marbles in place, Samuel McChord Crothers, achieves great success with witty and inspired sermons in which he cites serendipity as an auxiliary cardinal virtue: it is the grace of having a mind predisposed to find the good in the unexpected and also in the bad. A new meaning is thus added, and a religious one! In 1918, a bibliophile colonel, William Prideaux, finally recovers and republishes The Travels and Adventures of the Three Princes of Serendip. The previously unobtainable Armeno novella is back in circulation, and its delicate taste meets with approval.

It was not until the mid-twentieth century that the word and concept of serendipity finally broke through the invisible barrier and was used in science. Walpole was not interested in science; he spoke of discovery in a broad sense. Not even Walpole’s scholars, lost in his endless epistolary, ever mention the word until 1951. The others had continued to link it to the fortunate breakthrough of archaeologist Heinrich Schliemann and other humanistic endeavors. It was Walter B. Cannon, a distinguished member of Harvard Medical School, learned scientist and humanist, great expert on the physiology of emotions, lover of literature, and bibliophile, who introduced the concept into science. Cannon among other things coined the term homeostasis in 1926 and considered himself to be a continuation of Bernard both because of the concept of the “constancy of the body’s internal environment” (synonymous with physical and psychic health) that the Frenchman had anticipated and because of the latter’s sensitivity to unexpected observations.

Cannon at first convinced himself that he had rediscovered it and then had to admit that he had heard it from Reverend Crothers himself. Strange events. In 1940, he published an essay on the role of chance in discovery, dedicating it to medical diagnostics, the ability to observe and interpret manifest symptoms—in other words, semeiotics. He compares this skill to that of the detective. He advises his students to have serendipity in the ward, namely abductive talent and detective skills, to become good clinicians. But even in research it makes a difference; a laboratory blessed with scientific luck, Cannon writes, is one with serendipity.

Serendipity ceases to be just a subject for lexicographers. It became a mantra in the so-called school of medical humanists at Harvard during and after the Second World War. Cannon’s senior colleague Milton J. Rosenau made it a buzzword in the circle. Surgeon Elliott Cutler saw serendipity as the desirable quality of every clinician. From the 1950s on, the word began to officially appear in scientific articles. In 1955, distinguished Turin-born microbiologist Salvador E. Luria spoke of serendipity in his studies on phages, the viruses that infect bacteria. In the golden age of investment in basic research in the United States, serendipity was also mentioned in applied research, such as at MIT, General Electric, and Standard Oil as well as in the pharmaceutical industry. The idea is always the same: it is important to ensure that there are unexpected scientific results because they are hens with golden eggs.

Meanwhile, James Joyce uses it in Finnegans Wake in 1939. Sigmund Freud’s biographer, Ernest Jones, sees much serendipity in the interpretation of dreams. Popularizers also begin to cite it to explain how science works in order to make it more human in its unpredictability, less mechanical and linear, with that somewhat paradoxical expectation of the unexpected—the lucky side of scientific discovery. On July 3, 1949, we witness another turning point in the history of the concept: Alexander Fleming, in a famous speech on the freedom of science delivered in Oklahoma City, recounts the tortuous and fortunate adventure that had led to the discovery of penicillin and mentions serendipity. The New York Times reports on it, and penicillin will go down in history as a paradigmatic example of fundamental research that cannot be planned in advance and hence serendipity. Actually, it was perhaps a somewhat oversimplified example, as we will see in a moment.

A few years later, in 1954, serendipity was enshrined in Mitchell A. Wilson’s edifying illustrated history of US science, which tells of the talent of serendipity. The subtitle is: The Fabulous Story of How American Dreamers, Wizards, and Inspired Tinkerers Converted a Wilderness into the Wonder of the World. An important difference thus starts to emerge between twentieth-century scientific serendipity and that of nineteenth-century collectors. For the humanists, the accidental and serendipitous discovery of precious objects was the whole experience, complete in itself, or almost an end in itself. It would end there, and the hunt would begin again. For scientists, on the other hand, the accidental discovery is only the beginning of a new journey of investigation; it is an integral mechanism of the research process, like a diversion or an unexpected resource, to be included in a path of scientific rationality.



SERENDIPITY BECOMES FASHIONABLE

As early as the 1930s, US sociologist Robert K. Merton was working on the subject of the unintended and unacknowledged consequences of purposeful social actions, particularly on the positive influence of Puritanism on seventeenth-century English science. He had a receptive eye regarding the duel between chance and Pasteur’s sagacity. In addition, he was a compulsive reader of dictionaries, interested in new words and the role of language and nomenclature in science. It was these ingredients that helped him discover serendipity by chance, or we might say serendipitously, as he was looking up another word beginning with ser in the Oxford English Dictionary. In fact, Merton had already touched on the word in 1931, but his mind was not receptive. Serendipity is a matter of context and due time, the kairós of the Greeks.

In 1946, in a lecture at the American Sociological Society, Merton introduced serendipity as a category in the social sciences and contemplated dedicating a book to it. Although it was born under the best of auspices in a serendipitous manner, reading the entry in a dictionary by chance, that beautiful and erudite book on serendipity written together with Elinor Barber from 1958 lay in a drawer until Merton reached the age of ninety-one and decided to publish it (the first time in Italian in 2002). The reasons for this lengthy wait are also serendipitous: after 1958, Merton was absorbed by an image that literally obsessed him, that of the unknown scientists who see farther because they rest on the shoulders of the giants who have gone before them, and so he set out like a bloodhound on the trail of the sources of Isaac Newton’s aphorism.

In the book, Merton and Barber meticulously reconstruct the history of the concept and identify its core in the phenomenon of the search for something from which something else arises, along the lines therefore of Solly and more precisely the Oxford English Dictionary, but what interested Merton most was that serendipity was an excellent embodiment of those unforeseen consequences of purposeful inquiry he had been working on for a long time. He was keen to give importance to the emergence of new hypotheses in the sciences and not only to the verification of theoretically derived hypotheses—in other words, to the “discovery, by chance or sagacity, of valid results which were not sought for” (Merton 1945, 469). In short, we are close to the original meaning given by Walpole’s misinterpretation of Armeno’s novella, but understood in a broader sense. The neopositivist philosophers of science of those years did not appreciate this at all; serendipity is about the irrational and psychological context of discovery, and so it is stuff for sociologists and psychologists. And indeed other sociologists noticed the word and took it up, even the French, who are usually so purist when it comes to their language.

In the 2004 afterword, Merton noted two main semantic areas of the word: serendipity as a psychological state, aptitude, natural talent, gift, or fashionable creativity, a somewhat reductive meaning, as if it were the psychological black box of the prepared mind; and then serendipity as a set of social and environmental conditions, “serendipitous sociocognitive microenvironments,” that favor and increase the frequency and probability of the accidental component of discoveries (260). Remaining more aloof was the cognitive process itself of serendipitous discovery—that is, understanding why in science one so often discovers something one was not looking for. We will focus on this here, without neglecting the ecology of serendipity.

The rest of the story, after Merton’s treatment, comes closer to the present. In the second half of the twentieth century, serendipity, from being an arcane and oriental word, became fashionable. Beginning with Cannon and Merton in the 1940s, the surge of quotations and usages, both academic and popular, becomes continuous. The meanings blur and unravel: from detectives to the collection of bizarre and nonsensical information, from discovering by chance to the pleasure of chance, to the mocking and sometimes humorous fate that deflects our existences. As frequently happens to terms in vogue, it becomes an increasingly vague word.

In 1999, the great Italian semiologist Umberto Eco, an attentive connoisseur of Merton, titled one of his English-language collections of lectures (revolving around the theme of the desperate but not useless search for the perfect language) in this way: Serendipities, Language and Lunacy. Yet the semiologist decided to adopt a further and debatable meaning of serendipity, albeit an erudite and witty one. To corroborate his more general and Mertonian thesis—the positive side effects of mistakes, fictional inventions, and other follies of the past—he defines serendipity as the mechanism whereby false beliefs and misconceptions lead to important discoveries. The example is Christopher Columbus, who thought he would reach the Indies by sailing westward, based on a concatenation of misconceptions. Walpole’s successful misunderstanding is also a good example of serendipity in Eco’s sense. Associating serendipity only with generative error tends to limit its scope too much, though, and is not in any case its correct philological meaning.

Another frequent risk associated with serendipity is to make it a list of anecdotes from penicillin to X-rays, a figure of speech that works to impress in a scintillating conversation, or an influencer’s post. At the beginning of the twenty-first century, serendipity has become one of the most popular words in the English language, with millions of occurrences on online search engines, at times even more than Jesus and money. Hundreds of shops, boutiques, bookshops, and restaurants around the world are named after it. By now, almost every kind of discovery is attributed to serendipity, in a carnival of uses and meanings that in itself is not even blameworthy, with the word itself having originated in a context of weirdness and frivolity.

The climax came in 2001, when a romantic comedy set in New York City was released: Serendipity, directed by Peter Chelsom, starring John Cusack and Kate Beckinsale. The lead couple meet by chance; the two like each other, but want to test the fate that governs our lives. They write their names on a banknote and in a used book. The crux of the film is that it obviously denies any authentic serendipity because it implies that when two people are destined to meet, they will necessarily meet in the end, come what may, even in an endless metropolis like New York, even between one end of the United States and the other, which is precisely the opposite of serendipity. So the benevolent fate will help them find the note and book, and they will live happily ever after. The film is called Serendipity, but it celebrates its death.



SERENDIPITY IN A STRONG SENSE: FINDING WHAT ONE WAS NOT LOOKING FOR

Long neglected, under the radar, and born of a fruitful misunderstanding, serendipity was then slowly adopted, from collectors to scientists, and then deflagrated in a fashionable explosion. Its inventor in the eighteenth century had left the definition confused just enough to make possible transformations, further misunderstandings, irradiations of meanings, and trivializations. The common thread, however, from Walpole to Pasteur, is the mixture of chance and observational sagacity: a mixture of skill, clairvoyance, an incisive and fortunate mind, and the ability to discover connections.

Merton rightly pointed out that chance observation in itself is not necessarily a discovery. To become one, the data must be unexpected and somehow disorienting, namely surprising, and deviant. In other words, the fortuitous by-product and unexpected observation must affect theories that, at the beginning of the research, were not in question. Moreover, the data must be anomalous, not congruent with the prevailing theory, or, in any case, with what was being investigated; by generating curiosity, the researcher seeks to make sense of it, framing it within a broader horizon. Finally, Merton notes, the data must be strategic. It must be fruitful on a heuristic level (that is, generate useful research questions) in the sense it should lead to a truly relevant discovery. In short, not everything that chance presents us with is important!

In what follows, we will therefore speak neither of unfortunate serendipities nor of the infinite personal, subjective serendipities that are obviously fundamental in our lives, but that are outside the scope of science. For there to be serendipity as we understand it here, there must be a significant discovery and certain degree of accidentality. Thus putting in order the interpretations that have settled historically up to now, we could say that there are four meanings of serendipity, according to the weight that each of them attributes to chance:


	1.  We have the maximum degree of accidentality of the three princes of Serendip: they wander about and make merely chance discoveries due to their exploratory and initiatory wanderings. They are not looking for anything specific; they proceed by trial and error and make fortuitous and rather futile discoveries, rather like Lord Shaftesbury at the dinner recounted by Walpole. We call this type chance discovery.

	2.  We have an average degree of accidentality when we actually discover something valuable and important while looking for something else. This is the misunderstanding and at the same time invention of Walpole, later taken up by Solly in the nineteenth century and Oxford English Dictionary in 1913. It is serendipity in the strongest and perhaps most authentic sense: finding something you did not even know you were looking for, thanks to chance and shrewdness, without any intentionality.

	3.  We have a low degree of accidentality when we discover something that we were actually looking for, but we arrive at it randomly and unexpectedly. We could say that this is a deemphasized version of serendipity, admitted by Barber and Merton, and excluded by Walpole (remember that he had specified “no discovery of a thing you are looking for fits this description”), although perhaps it does shine through in the case of Cappello’s coat of arms (since Walpole was studying the matter anyway). US chemist Royston M. Roberts, in a 1989 book listing numerous anecdotes of serendipitous discoveries, calls this pseudoserendipity, but the term is perhaps too punitive. It is not false; rather, it is serendipity in a weak sense.

	4.  There is also a zero degree of accidentality when the investigator knows quite well what the problem is, and thanks to their abductive skills, solves the mystery like a detective, analyzing the clues and interpreting the signs at the crime scene. Or as Cuvier wrote, from the fossil traces he arrives “with certainty” (not by chance) at the reconstruction of the extinct animal. Or again, he discovers a false painting like Morelli, diagnoses a disease at first sight, and so on. This is the original meaning of Khusrau and Armeno’s novella, the circumstantial process, later taken up by Zadig and through to Holmes, passing through much medical semeiotics. As is clear from the zero degree of accidentality, however, the abductive component is part of serendipity, but it is by no means all of it.



Note that in the third meaning, serendipity in a weak sense, the nature of the object to be discovered is clearly defined: unexpected is not the what of the discovery but instead the how and when. Archimedes arrives at his supposed “eureka!” in the bathtub, but he had already been mulling over the problem posed to him by the tyrant of Syracuse beforehand. In the second meaning, though, the what is also undefined. The ignorance is therefore twofold: not only was that unexpected observational data not foreseen, but the assumptions of its existence were not even known.

In the following chapters, we will focus in particular on this meaning of serendipity, the second and strongest, because it involves the heart of the logic (if there is one) of scientific discovery and has the greatest transformative power. It is serendipity that literally changes our worldview at certain junctures. It makes us realize that we did not know we did not know.








3
TEARS, MOLDS, MELONS, AND LOTS OF COLLODION: THE SCIENCE OF THE UNEXPECTED



Ohid Yaqub is a young biochemist who has turned his attention to the sociology of science. He works on research policy, science funding systems, and innovation in the biomedical field at the University of Sussex in Brighton. A few years ago, the European Research Council awarded him a grant of no less than €1.4 million to study the most elusive of subjects: how to foresee the unforeseeable and find logic in the illogical. Even the journal Nature, in an editorial in February 2018, commented on the strange nature of the ambitious task. Yaqub must, in fact, unlock the secrets of serendipity, the phenomenon coined by Walpole whereby scientists are looking for something but find something else. Will he succeed?


GOING BEYOND ANECDOTES: A TAXONOMY

The pop history of science is full of classic anecdotes, which sometimes dangerously border on legend. They involve a chance stroke of luck that leads to sensational discoveries, from Fleming’s penicillin to Wilhelm Conrad Roentgen’s X-rays, from cosmic background radiation to cornflakes, and via the microwave oven discovered by chance in 1945 by Percy Spencer while tinkering with radar components, not to mention the fossil ledges found while wandering through valleys and across prairies. These stories proliferate within the scientific community and are sometimes used in dissemination initiatives. We like the democratic idea that in science, nobody should put on too many airs because luck plays a major role in the most important discoveries.

As we have seen, serendipity, however, is not pure chance, since you must be ready for and receptive to a surprising result. You need to realize immediately that you have an unexpected discovery on your hands rather than simply an experiment that has gone wrong. Who knows how many examples of serendipity have ended up directly in the trash and so discarded into the dustbin of history. Although distinguished works have titles that allude to the “logic of scientific discovery,” in reality philosophers of science have often considered the context of discovery to be an almost elusive dimension, which is more psychological than methodological, and so within the domain of factors that are not entirely rational. As such, it is unmanageable in the noble planes of the discipline.

Yaqub takes a different view, wanting to go further and beyond anecdotes and ponder the imponderable. His European Research Council funds represent the first formalization of serendipity in scientific research. First of all, he argues that a taxonomy is needed to bring order to such a vast, multifaceted, and heterogeneous phenomenon, and he is right. After sifting through hundreds of historical cases, including the ones stored at Columbia University in the Merton archives, Yaqub believes that serendipity should be classified into four categories:


	1.  Walpole’s serendipity, namely finding something you were not looking for, which includes research that originates in a certain domain but leads to discoveries in another (the transdisciplinary serendipity whereby, for example, the Brownian motion of particles was discovered in 1827 by a Scottish botanist, Robert Brown, while observing pollen grains suspended in water). This is equivalent to our serendipity in the strong sense.

	2.  Merton’s serendipity—that is, finding something one was looking for or solving a previous problem, but by unexpected means. This is our serendipity in the weak sense, and Yaqub dedicates it to Merton because the sociologist had come to the conclusion that Walpole’s meaning was too narrow. In Merton’s opinion, in fact, what counts is the outcome, namely the fact that regardless of the existence or nonexistence of a prior intentional question, the outcome comes to light unexpectedly and with a dose of good fortune, as an unintentional effect (Merton’s research theme).

	3.  Bush’s serendipity—that is, all discoveries that are the result of a nontargeted, free investigation without having any preset objective. In this third case, you find something you were not looking for in the sense that you were not actually looking for anything at all to begin with (our chance discovery). This meaning is dedicated to the engineer responsible for the incredible development of US scientific and technological research after the Second World War, Vannevar Bush (no relation to the Republican Bush family). He was an enthusiastic supporter of basic and disinterested research in line with the principle that “relevant discoveries often come from remote and unexpected sources” (said by a person who, among other things, invented a multitude of useful tools, including the first computers).

	4.  And finally—perhaps the most interesting and surprising category of all, as we will see later—Stephan’s serendipity, namely random discoveries that are the result of nontargeted research and, in retrospect, turn out to be the solution to a problem that only came to light later. Yaqub has chosen this name because the first person to ponder over this strange process whereby an invention arrives before it is needed was economist Paula Stephan in 2010.



At the end of the previous chapter, we too proposed the possible division of serendipitous processes into four categories based on, however, the degree of accidentality of the discovery. Yaqub’s taxonomy, on the other hand, is based on the reasons behind the discovery, outcomes of the process of discovery, and different underlying mechanisms. No matter. Let us keep both grids for the time being, and having examined the tortuous history of serendipity, let us now begin to fill them with concrete examples of presumed or actual serendipitous discoveries.

We will soon realize that few of them actually meet the criteria to be considered good examples of serendipity in the strong sense—in the sense of Walpole, Solly, and the Oxford English Dictionary—namely discovering something one was not really looking for, something totally unexpected but important (Yaqub’s first type and our second). Yet there have been a considerable number of cases that in being verified, have been found to contain plausible elements or traces of serendipity, to the point that at least weak serendipity seems to be ever present in scientific disciplines. The ubiquity of serendipity will be the cornerstone of what we will call here the science of the unexpected.

Before we start, however, let us clear the field of some anecdotes that objectively have little to do with serendipity, even though they are frequently cited as such. In the first chapter, we already mentioned the story of Archimedes, who discovers how to unmask the dishonest goldsmith while relaxing in the spa baths of Syracuse and seeing the water overflowing from the pool. And we noted that as well as being implausible, the anecdote is only slightly serendipitous. Furthermore, apologies to all comic book–style history of science fans, but unfortunately even Newton’s mythical apple tasted nothing like serendipity.

There are doubts surrounding the legend, being based on only indirect, although multiple and concordant sources: Martin Folkes, president of the Royal Society; Voltaire, who says he heard it from Newton’s niece; John Conduitt, Newton’s friend; another friend, William Stukeley, a Stonehenge enthusiast, who reports having tea in Newton’s garden at Woolsthorpe Manor and hearing the tale from the old scientist himself about the perpendicular fall of the apple toward the center of the earth; and the audacious claim that this event was possibly linked to the orbital motion of the moon and hence the equally daring generalization about the universal law of gravitational attraction, which is directly proportional to mass and inversely proportional to distance.

The serendipitous anecdote came into being at a later date, in 1934, thanks to a biographer of Newton, Louis T. More, who claimed that the great genius had his memorable “eureka” moment at the age of twenty-three on a farm when observing an apple in free fall and associating this with the moon endlessly trying to fall to earth while revolving around it. This story is then retold and retold again until we arrive at the apple falling on his head, and so on. Regarding serendipity, though, there is very little. Assuming that the event actually took place, Newton connected an observation in real time to a series of reflections he was already taking into consideration. He did not, thanks to an apple, accidentally discover an entire universal theory that he was not looking for.




PENICILLIN, A SEQUENCE OF SERENDIPITY

Having cleared the field of eurekas that are too simple to be true, let us now look at two other classic stories that the protagonists themselves or their colleagues interpreted as genuine serendipities. On the subject of penicillin, it was Fleming himself who humbly explained that his story had “a certain romance in it [that] helps to illustrate the amount of chance, or fortune, of fate, or destiny, call it what you will, in anybody’s career” (Roberts 1989, 164). And there you have it: fate and chance, destiny and fortune, are different concepts. In fact they are polar opposites. So how can they fit together?

In the story of the discovery of penicillin, we can see not one but rather four potential serendipitous twists. Fleming was not a doctor but instead a microbiologist. He was Scottish from a rural family, would lose his father at a young age, and had to survive considerable hardship in his youth. He completed his studies making numerous sacrifices. Thanks to a small endowment, he entered the London Medical School, where he met a talented bacteriologist, Almroth Wright, who he would eventually replace as professor in 1929. In short, here we have all the ingredients for the Anglo-Saxon story of the self-made man.

Fleming served as a military doctor during the First World War. He realized that the antiseptics used at that time, which were basically carbonic acid based, were not good because they killed more leukocytes than bacteria, or to put it another way, more defenders than attackers. So there was a research issue concerning antiseptics: to find an antibiotic that would kill bacteria without eliminating the cells of the immune system. Later in 1922, in a laboratory in London, while suffering from influenza, he studied his own mucus, and here the first serendipity took place: a tear fell on his nasal secretions that he was cultivating in a petri dish. The scientist was the first guinea pig in his own experiments.

The next day, he noticed that a space had formed around the tear in the culture of what he thought was bacteria. Having an open research question and being interested in the subject, he immediately realized that there had to be something in the tear that was acting as an antibiotic. And so Fleming discovered lysozyme, which destroys certain bacteria through lysis. Yet it could not become a marketable antibiotic because it only kills pathogens of minor significance. This is clearly serendipity in a weak sense given that Fleming discovered something he was looking for and a lucky event pointed him in the right direction. It is also important to mention a curious detail that favored Fleming. Together with his colleagues, he often playfully swiped his petri dishes with different bacteria. In this way, they could generate colorful colonies and make sketches of the patterns that emerged on the plates after incubation. The idea behind the game was to see the pattern of the British flag, a Japanese garden, or anthropomorphic figures. So thanks to a simple game, Fleming had trained his eye to identify patterns and figures in the plates.

But this was just the first crucial breakthrough. In 1928, he was working on bacteria that he thought caused influenza (today we know they are viruses). For the second time, he noticed a clear spot that was free of bacteria, which appeared in plates that had been left during the holidays. He was at that point trained to recognize these shapes. He saw mold at the same point as the stain, and so presumed a link between tear and mold. This second serendipity, which came from the first, was even less serendipitous. This is how Fleming himself described it: “But for [my] previous experience, I would have thrown the plate away, as many bacteriologists must have done before.… It is also probable that some bacteriologists have noticed similar changes to those noticed [by me], … but in the absence of any interest in naturally occurring antibacterial substances, the cultures have simply been discarded” (Roberts 1989, 161). So given the fact the Scottish microbiologist had an eye for seeing patterns and a head containing strong and precise research objectives, he could take the decision not to transform the molds into an example of reverse serendipity, namely serendipity thrown in the trash.

The rest of the story is famous. The mold belongs to the genus Penicillium, and even this coincidence between antibiotic and susceptible bacterium, staphylococcus, is a wonderful stroke of luck: “There are thousands of different moulds and there are thousands of different bacteria, and that chance put the mould in the right spot at the right time was like winning the Irish sweep” (Roberts 1989, 162). A lottery, therefore. In fact, to lower the serendipity rate even further, it must be said that the idea that a different mold or bacteria could act against bacteria was not entirely new. Pasteur had already noticed this with Jules F. Joubert in 1877. Fleming, however, went one step further and demonstrated that penicillin has no toxic effect on the body, does not kill leucocytes, and does not harm animals during experiments.

The journey from here to the systematic use of penicillin was still a long and tortuous one, and in some respects serendipitous. The first attempts to introduce it as an antibiotic for humans failed because the mold was weak and it soon disappeared. A technique was needed to isolate and concentrate it. Fleming made some attempts with Harold Raistrick, but they did not have the right technology. In the meantime, the (serendipitous) success of sulfanilamides as antiseptics overshadowed penicillin. At Oxford, pathologist Howard W. Florey and a Jewish biochemist who had escaped the Nazis, Ernst B. Chain, used sophisticated chemical techniques that Fleming did not have, and succeeded in isolating, purifying, and concentrating penicillin in sufficient quantities to treat staphylococcal infections in animals and humans. They retrieved it from patients’ urine. There was no point in being overly choosy given that, in the meantime, the Second World War was raging and the demand for antibiotics was high. Florey flew to meet the US allies in order to give them an explanation of how to produce penicillin. It was too laborious to synthesize the molecule due to its complex chemical structure so an attempt was made to produce it by fermentation.

The happy ending is linked to two other lucky events. Florey, in the United States, realized that cereal-processing waste could feed the mold cultures of penicillin, which would result in a tenfold increase in yield. So we started with a tear, followed by a mold, and went on to cereals specifically grown for that purpose in Peoria, Illinois, in the US Department of Agriculture, where in the meantime hundreds of potentially effective mold variants were being tested. A competition was organized to find the best mold. The winner was the golden mold of Mary Hunt from Peoria—a mold that grows on Peoria’s cantaloupe melon and is twice as productive as the original penicillin. So ten times multiplied by two meant twenty times the yield. Thanks to tears, molds, cereals, and melons, an antibiotic discovered in London was serendipitously implemented overseas in Peoria on the Illinois River.

These were as many as four serendipities, albeit weak ones, in sequence. Four fortunate episodes in search of something that was pursued tenaciously, namely the large-scale production of penicillin for soldiers and civilians in war, which meant countless lives saved. In 1945, Fleming, Florey, and Chain shared the Nobel Prize. Four years later, Fleming gave his Oklahoma City speech in which he stated that his innate humility, due to the fact he was the son of Scottish farmers, was an example of serendipity. Two years earlier, Dorothy Crowfoot Hodgkin had finally decoded the molecular structure of penicillin, and in 1961, she followed suit with the cephalosporins, other related antibiotics, which earned her the Nobel Prize in 1965. At the time, many were to comment on the numerous coincidences of what were seemingly unrelated yet necessary events, but that seemed unlikely to be down to chance; rather, they were destiny. The human mind works in this way: through the misleading use of hindsight, we transform a sequence of accidental contingencies into a providential design. In truth, penicillin is a story of tenacity, good fortune, and a succession of well-trained minds ready to make the most of such luck when it arose.



ROENTGEN X-RAYS AND THEIR SERENDIPITOUS AVALANCHE

There is a similar story to penicillin concerning the frequently fictionalized discovery of X-rays. It was, admittedly, an accidental result, but it happened during a study on cathode rays. The star was Roentgen, a Prussian, who had been educated first at the Zurich Polytechnic and then at the University of Würzburg. He ended his career in Munich, where he died at almost seventy-eight years of age in 1923, perhaps also due to his long exposure to the rays. Roentgen was repeating the experiments that others had previously done on what happens when a strong electric shock is passed through a tube filled with various gases. He was following in the footsteps of giants such as Michael Faraday and a long tradition of research.

In 1858, fluorescence had been observed on the walls of the tube. Twenty years on, William Crookes hypothesized the existence of cathode rays, which he considered to be a flow of molecules in open air (they are actually electrons emitted by the cathode, which today provide us with neon light, television tubes, and fluorescent light). In 1892, Heinrich R. Hertz discovered that cathode rays penetrate thin metal leaves. Two years later, Philipp von Lenard put aluminum windows on the other side, showing how the rays pass through the tube and can be detected at a distance by the light they produce on a phosphorescent screen.

Here, then, is the precise research question. Roentgen in Würzburg decides to test how far cathode rays can travel without passing through aluminum windows and shielding the fluorescence of the cathode tube because it is dispersive. So basically, he concentrates the rays inside a dark room with maximum voltage. While carrying out his first tests, he accidentally notices—and this can be considered the serendipity of the story—a hazy green light that appears somewhere else within the room. He sees it above a bench where he had placed a fluorescent screen of barium platinocyanide that he had intended to use at a short distance from the cathode ray tube, but instead was positioned a meter away. He immediately realizes he is facing a new phenomenon: it could not be the cathode rays that were illuminating the screen at that distance.

It is clear here that Roentgen’s research did not regard something completely different but instead was linked to that type of discovery, and above all that thanks to his training, he was immediately able to arrive at a correct interpretation of a chance observation. He realized that he was dealing with a new form of radiation, described in 1895, of a mysterious nature and therefore christened X-rays. Roentgen instantly began to play games. He saw that it was not influenced by magnets and was penetrative: it passed through paper, whole books, and wood—in other words, many bodies and materials are transparent to X-rays.

Impossible to resist the temptation to put a hand in the path of these rays, and lo and behold we have the shadow of the human limb with the skeleton on show. Roentgen then learned how to print images obtained with X-rays on photographic film. The medical world immediately understood the utility of X-rays: the hard inner parts of the human body could finally be interpreted. There was therefore a big impact, but the true nature of those rays would only be fully understood twenty years on, which goes to show how technological applications of a physical phenomenon can precede the understanding of the phenomenon itself by a long way. The first Nobel Prize for Physics in history, awarded in 1901, was deservedly awarded to the X-ray magician.

Regarding serendipity, not only does the frequency (how often they occur in a discipline) count but also the magnitude—that is, the breadth and significance of their effects. For example, from the serendipitous discovery of animal electricity by Luigi Galvani, who played around with frogs’ legs near an electrostatic generator, and Alessandro Volta’s interpretation of this phenomenon with his idea of electric potential differential, not only did the first batteries come into being, but it led to the discovery of sodium and potassium, and the connection between electricity and magnetism, which ended with the production of the first electromagnet.

Some serendipitous discoveries, such as Roentgen’s, trigger an avalanche of consequences, which are also serendipitous in a weak sense. For example, an engineer and physicist at the École Polytechnic, scion of a family of scientists, Henri Becquerel, who died at the age of only fifty-five due to excessive exposure to his discovery, was hit by Roentgen’s results in Paris. He hypothesizes (wrongly) that certain elements that are made phosphorescent by visible light can emit penetrating radiation such as X-rays from within. So he chooses a phosphorescent uranium compound, covering it with a black film to prevent it from being hit directly and by too much by light. He then leaves it in the sun and after a while opens the film. He sees that the uranium crystal has left an imprinted image. The hypothesis therefore seems to be confirmed: there is internal radiation.

But here arrives the incidental fact. Since it had been cloudy that day, and Becquerel thought that at least some light was needed to activate the phosphorescence, he decided to wait and put the uranium crystal away, on top of the film, in a drawer. After a few days, he reopens the drawer and finds that not only has the image on the film remained but that it is also stronger than before! So uranium emits its own natural radiation even in the dark. A year after Roentgen’s discovery of X-rays, physicists come across natural radioactivity. Becquerel then begins to measure the radiation, which ionizes the surrounding air, with an electroscope and finds that it is directly proportional to the quantity of uranium. But all of this is based on an incorrect assumption and accidental observation.

He then discovers that uraninite is much more radioactive than uranium itself, so it must contain an even more radioactive substance. The avalanche is set in motion once again. Becquerel tells his pupil Marie Skłodowska Curie to look for this substance. Marie Curie, together with her husband Pierre, discovers polonium and radium in 1898, and the radioactive trio go on to win the 1903 Nobel Prize in Physics. In quick succession, there then followed Ernest Rutherford and Frederick Soddy’s discovery of alpha and beta rays, an understanding of the nucleus, protons, and neutrons, and the induction of artificial radioactivity by bombarding atoms with alpha rays. And on again to Enrico Fermi, who bombarded them with slow neutrons. From there we move on to the splitting of uranium and production of barium, Otto Hahn and Fritz Strassmann talking about it to Lise Meitner, and Otto Frisch speaking to Niels Bohr about it on his way to the United States, and together they all realize that this is nuclear fission, which releases immense energy also as a chain reaction, as the Hungarian genius and later pacifist Leó Szilárd at Columbia University thought. And so on. An overwhelming avalanche of consequences for the twentieth century.



OTHER CASES OF QUESTIONABLE SERENDIPITY, STARTING WITH THE BIG BANG

So far, regardless of how much luck and chance have crept in on numerous occasions, our quest for examples of strong and genuine serendipity, namely finding something one was really not looking for, has led to nothing. So let us turn our attention to another classic of the genre and see if that needs scaling down as well. At Bell Laboratories in Holmdel, New Jersey, in the early 1960s, radio astronomers Arno A. Penzias and Robert W. Wilson are working on a radio antenna on Crawford Hill, also in New Jersey. They are readapting it because it had previously been used to monitor and improve commercial satellite communications with echo balloons, but now they want to direct it toward outer space and pick up possible radio signals from the sky. The company was in favor of pure research, and given that Project ECHO had been completed, the six-meter antenna could then be used as a radio telescope—a fine illustration of creative reuse.

Penzias and Wilson get down to work to eliminate all possible sources of interference in order to see if the antenna can really pick up weak signals from the cosmos. They point it toward an area of the sky where there should be no radio signals arriving from galaxies, yet are able to pick up a faint interference. Rather than ignore it (and increase the collection of reverse serendipity), they decide to eliminate it anyway. After all, they are physicists and do not like interference from irrelevant parameters. They discard all possible hypotheses one by one: it is not the incessant buzz of the nearby Big Apple, which never sleeps; the noise is unceasing and arrives constantly from all directions.

So they think it might be due to a defect in the device itself; they check every component and find a pigeon’s nest and some guano (to be precise, “white dielectric material”). They remove the unfortunate pair of birds and gently transport them fifty kilometers away, but the birds’ migratory instinct brings them back to the antenna: their home. Can you blame them? At this point, the two birds have to be much less gently sacrificed in the name of science. Yet it is still not enough: that background interference remains. The whole affair is full of accidentality, of course, but let’s face it, Penzias and Wilson were, in any case, searching for sources of radio waves from the cosmos.

The rest of the story was not luck but instead an intuition that led to the right connection between a prediction and chance observation. They knew from a young Jim Peebles (winner of a belated but well-deserved Nobel Prize in Physics—namely cosmology—in 2019) that a certain big bang theory—of the “big initial bang” as Fred Hoyle had jokingly called it in 1949—proposed by Georges Lemaître, George Gamow, and others, which included the prediction regarding the existence of cosmic background radiation in the microwave spectrum, was being discussed at nearby Princeton University. In essence, the disturbance was predicted to be a fossil echo of the primordial moment when light burst into the universe after the big bang. Something akin, perhaps too much, to the divine fiat lux. At the outset, while they were tinkering with their antenna and discovering meddling pigeons, Penzias and Wilson did not know this because the big bang theory was being debated elsewhere. At Princeton, Albert Einstein had expressed all of his skepticism about the evolution of the cosmos, and not many people were aware of that prediction.

A merit of Penzias and Wilson was to persevere. They continued asking around and talking about the anomaly that Crawford Hill’s big horn-shaped ear continued to pick up. Some cosmologists told them that cosmic microwave radiation might explain that signal. Now they had a hypothesis to test. They calculated the disturbance picked up by the antenna and found it mirrored the energy expected for the background radiation of the big bang. They then checked and verified that everything correlated: it could indeed be the first moment of the universe. They published the surprising result in 1965 and the theory of the initial big bang gained support.

Penzias and Wilson did not have to wait long for the Nobel Prize in Physics—until 1978. Theirs was, without doubt, a chance observation, and much modesty was shown for the luck they received. If we look at the story a little more closely, however, we cannot fail to notice that the most important ingredients were tenacity, precision, perseverance, and experience. A Nobel Prize for stubbornness. And in any case, stubbornness apart, it was not serendipity in the strongest sense because Penzias and Wilson, right from the beginning of their research, were trying to intercept radio signals from the sky, thus something directly relevant to what they would later discover.

Objectively speaking, serendipity is high in radio astronomy because when scanning a largely unknown sky, it is easy to come across something you were not expecting. Astronomy in general is an observational science, and chance discoveries are commonplace. It is also conditioned by new observational instruments that broaden the horizon of the knowable, as if they were new eyes and new senses. First radio astronomy, then X-ray astronomy, then gamma ray astronomy, and finally gravitational waves have slowly opened up new domains of investigation for astronomers, full of unexpected serendipity.

Nevertheless, even with Penzias and Wilson, if we take a step back to assess the past, the serendipity levels drop. We mentioned earlier that they had pointed their Crawford Hill antenna toward an area of the sky where they did not expect to pick up any radio signals from stars and galaxies. And this was thanks to their much less famous predecessor, Karl G. Jansky, who thirty years earlier, in the same AT&T Bell Laboratories that later enlisted Penzias and Wilson, was studying a form of interference that was disrupting transatlantic radiotelephone communications.

Jansky had a large rotating antenna built in 1930, and it picked up a mysterious hissing sound coming from all directions. It was different from the dull noises of near and distant thunderstorms. He realized that it was not a message from aliens, as many in the press were quick to claim, but rather came from the Milky Way, with a peak emission at its center in the constellation of Sagittarius. He called this star noise; radio astronomy was in its infancy, but Jansky was not there to see it grow because he died of a heart attack at the age of forty-four in 1950.

During the Second World War, the British Army asked Stanley Hey to check radar interference, which the military suspected was caused by Nazi saboteurs. He discovered that it was in fact due to radio emissions from the sun. In 1944, while developing a new radar, he discovered that meteors emit radio signals when they enter the atmosphere too. After the Second World War, thanks to the first radio telescopes, it became clear that astronomical objects emit radio waves. This was serendipity in a strong sense because at first Jansky and Hey, unlike Penzias and Wilson, were really looking for something else.

This is the first instance we have met so far that serendipity in the strong sense is possible. There is another example that comes from radio astronomy. At Cambridge University, radio astronomer Antony Hewish and a young assistant who was doing her PhD, Northern Ireland’s Jocelyn Bell, were measuring radio sources and studying the behavior of radio waves in interplanetary space. The topic of their research was similar to what they would later discover, but only in a broad sense, to the point it could never have led to the idea that there were totally unknown objects in the cosmos. In 1967, Bell observed regular flares of radiation at the same times. Hewish thought it was just human interference and was ready to transform this into a missed serendipity. Yet she insisted it was an anomaly, an extraterrestrial signal. They eliminated all possible interference and confirmed that it was pulsating radio signals emitted by stars. Having a sense of humor, Bell christened the signal LGM-1, “Little Green Man 1.”

At that point, even her boss had to admit that a woman had made an important discovery. Shortly afterward, David H. Staelin and Edward C. Reifenstein confirmed that the radio pulsations emanating from the center of the Cancer nebula came from a pulsar—that is, one of the rapidly rotating neutron stars (the existence of which had been predicted thirty years earlier), which are the residual bodies of supernova explosions. Bell’s was a fully authentic serendipity because she was not looking for what she accidentally discovered and had the ability (she, not he) to recognize what it was immediately. The discovery merited the Nobel Prize in Physics in 1974, though scandalously it was awarded only to … the alpha male of the story. Still, apart from having an acute sense of humor, Bell was also innately gracious, so she never complained about the Nobel given to her PhD supervisor rather than to her, and to this day she remains a champion of women and refugees in science.



EXPLODING BILLIARD BALLS AND OTHER VARIOUSLY SERENDIPITOUS STORIES

Now the difference between weak serendipity (discovering what you were looking for through good luck) and strong serendipity (discovering something you really were not looking for) should be clearer, and we can look at some other historical cases that are usually considered to be serendipitous. The camera obscura was invented in the sixteenth century and considered a machine of marvels; even Leonardo da Vinci spoke of a box with a lens and background glass that focused a blurred scene, and with a mirror to reverse it. But how can an image be permanently fixed? In the nineteenth century, Joseph Nicéphore Niépce, who died in 1833, was working precisely on this issue in France. His friend Louis Daguerre promised to continue the project. Since 1822, they had been experimenting with bitumen, silver salts, and light-sensitive materials. Daguerre only managed to produce faded images on ionized silver powders and iodine, though. He did not give up.

And here a fortuitous observation comes to the fore. Like Becquerel and uranium, one day Daguerre leaves a plate in a cupboard containing various chemicals, and the next day he finds it has a much sharper image. By way of exclusion, he looks for the chemical responsible for this miracle and discovers some mercury leaking from a bottle in the cupboard. He realizes that the mercury vapors have intensified the image. He sets up an experiment and tests it. In 1838, the daguerreotype came into being: the first direct positive photograph (the negative-positive inversion process would come later). Many people fell ill due to the strong toxicity of mercury vapor, but this did not prevent the technique from becoming highly successful.

Thanks to politician and scientist François Arago, the French Parliament rewarded Daguerre as well as Niépce posthumously for the serendipitous discovery, but in a limited sense. In fact, the research question was clear from the outset. Not only that, Daguerre had already worked on mercury compounds, which meant, as he later admitted, “only a small step was then needed, and good luck led me there.” In short, this is a typical case of serendipity in a weak sense: the accidental completion of a process that was already in progress.

The same is true for the discovery and use of dynamite by Alfred Nobel, whose tragic and painful life was in itself an example of serendipity: his father who went bankrupt twice over, his poverty and redemption, the death of his brother in an explosion in their Swedish factory in 1864, his depression, his difficult relationships with women and disputed will, and his naive prediction that such powerful explosives would lead to everlasting peace, convincing nations to stop declaring war on each other to avoid total destruction. Also in this case, there was a clear research question. Nitroglycerine had already been invented by a Piedmontese physician and chemist, Ascanio Sobrero (pioneer of bronchial thinners), and Nobel’s industrial research issue was to invent suitable detonators (also mercury based) and manage the dangerous instability of nitroglycerine.

Serendipity (weak) enters the story around 1875. Nobel was looking for an absorbent material that could stabilize the explosive to the point it could be detonated with just a fuse. Sobrero and Nobel had tried sawdust, coal, and paper, but without success. Then in Germany, somewhere near Hamburg, Nobel discovered diatomite. This is a porous and inert rock of fossil origin, which is, in practice, a fossil flour of organic origin that comes from the erosion of the shells of microscopic algae called diatoms. Nobel used this to dilute nitroglycerine and form a type of more stable paste, leading to the birth of dynamite—this potent mixture together with its sticks of compressed sawdust. Nobel patented it in 1867 and made a mountain of money. Out of fairness or guilt, Nobel acknowledged, in part, Sobrero’s contribution to the discovery and decided to give him a lifetime pension (almost nothing, however, if compared to Nobel’s earnings).

Serendipity strikes again. It was already known that nitrate-rich cellulose was explosive, and Nobel was pondering how he could combine nitroglycerine and nitrocellulose to produce an even more powerful but stable explosive like dynamite. And here comes the key incident: Nobel injures his finger and rubs in some collodion, which is a viscous solution of cellulose nitrate in ether or alcohol. This is the spark: he realizes that he must use collodion with less nitrate so it becomes more inert. So at dawn, he rushes off to the lab to test it and invents gelignite, the first plastic explosive, which is powerful, manageable, and not dangerous (for those who use it; for all the others, good luck!). Nobel amassed a further fortune. The interest accrued from these gains today still finance the prizes awarded in his name.

Collodion also plays center stage in other serendipitous stories. Due to the ivory crisis of 1863, a new research question arose: How do you find a cheap substitute as the material for billiard balls? A prize was announced for anyone who managed. Two printers from New Jersey accidentally dropped a heated bottle of collodion, which is a mixture of cellulose nitrate, camphor, and alcohol. Without realizing it at first, they had casually obtained the first synthetic plastic material. They soon understood the danger attached given that every now and then, one of the balls exploded! So they did not win the prize, as exploding billiards had yet to be recognized as a sport, but in the meantime, we saw the birth of celluloid, which was used for collars, buttons, dice, and fountain pens.

Another smear of collodion had propitious and unexpected effects. Hilaire de Chardonnet, a pupil of Pasteur’s, spilled some collodion in the darkroom in 1878. He didn’t clean it straight away (negligence, as we will see, has a role to play in serendipity), so some days later, he noticed that the material had produced some strange, long, and strong fibers. Six years later, using the collodion contained in mulberry leaves, de Chardonnet invented rayon, a form of synthetic silk that took a prominent place at the Universal Exposition of Paris in 1889. Here too, though, an undesirable side effect came to light: rayon is flammable. The cellulose of film reels, for example, caught fire easily when they overheated. We had to wait for the arrival of cellulose acetate to find a solution to this problem.

Remaining on the subject of materials, rubber is also no joke when it comes to serendipity (albeit weak). The conquistadors had discovered that the Amerindians used rubbery balls made from the latex expelled from the plant Hevea brasiliensis. They brought this material back to Europe, and Priestley—the guy who in 1775 had referred to the role of chance in the discovery of oxygen, a serendipitous hero we will meet again in a moment—observed that the gum erased pencil marks. That is why it was given the name rubber, meaning “eraser.” The new material was water resistant. Charles Macintosh invented the mackintosh by covering two fabrics with rubber and then gluing them together with the rubber in between. And then came rubber boots and shoes, representing a small revolution in the daily lives of those who could afford them.

Unfortunately, this promising material was difficult to use due to its high sensitivity to temperature. It melted when exposed to heat. And at this point, in comes the serendipitous and fortunate anecdote of Charles Goodyear, from New Haven, Connecticut. He was the son of a failed inventor, who accidentally put a piece of rubber mixed with sulfur on the stove. But it didn’t melt! It was a little charred, yet still flexible because, as would become clear later, sulfur atoms stabilize the polymers in rubber. Goodyear then placed it on the windowsill in the cold, and the following morning he found that it was still pliable. Inadvertently, he had managed to make the rubber much less vulnerable to temperature changes.

This is more or less how things went, but even this discovery cannot be considered serendipity in the strong sense, and Goodyear did not become the tire millionaire one would have expected. On the contrary, between 1830 and 1839, he was in dire straits. He ended up in prison several times for his debts, and his first mailbags had been a commercial disaster due to that annoying temperature defect. So not only did he have his objective clear in his mind but he was literally obsessed with it too. He was already working on various mixtures in an attempt to stabilize the rubber, including one with sulfur. All that was lacking was the episode with the stove, which perhaps took place by accident in 1837 or 1844. Everything else was intentional.

After this weak serendipity, Goodyear learned to calculate the optimum time and temperature to process rubber, and patented the procedure, calling the process vulcanization. From here, industrial empires inevitably were founded, but not by Charles, who died in 1860 after struggling to defend his patent. Embroiled in legal battles, he never recovered from his debts. The Goodyear Company was founded by Frank Seiberling many years later, in 1898 in Ohio, and named in Goodyear’s honor. After this beginning, research into synthetic rubbers and later plastics was also characterized by many other feeble serendipities: often polymers with surprising and useful properties were unexpectedly synthesized, either by modifying their reactions and components, or simply by rummaging through waste and residues. In any case, while thinking about finding something else.



A SERENDIPITOUS HERO: JOSEPH PRIESTLEY

A contemporary of Walpole, Priestley was an all-round serendipitous scientist—a unique case in that not only did he postulate the role of luck in discovery but he also exploited it successfully on numerous occasions. We have already seen that he was interested in the water-resistant properties of rubber, but his name is indelibly linked to the serendipitous discovery of oxygen. And he leads us into the world of serendipity in a strong and authentic sense.

Raised in a strict Calvinist family, he was pastor of a small dissenting congregation in Leeds, with a passion for chemistry but no theoretical training. He was a skilled experimenter and friend of Benjamin Franklin, and had heretical opinions in religious matters and liberal ideas in politics. But his innovative tendencies were prominent above all in science. He discovered carbon dioxide while observing the fermentation of beer in a brewery near his home: he saw a gas floating above the fermenting barrels; it extinguished burning pieces of wood and was heavier than air. He learned how to produce this gas at home and found that when he mixed it with water, the taste was pleasant. And this invention of soda is why he received the Royal Society medal in 1773.

To produce the gas, he developed a new technique: he heated various substances that he placed on a surface of liquid mercury with a focal lens. One day in 1774, the mercury oxide produced a colorless gas that Priestley happened to notice lit the candle instead of extinguishing it. He understood he had discovered something important that he had not been looking for. He saw that the gas had an invigorating effect: it prolonged the life of laboratory rats. He breathed it in himself and felt his lungs grow stronger and lighter; it was “pure air” that was good to inhale. This is why he later stated that “more is owing to what we call chance, that is, … to the observation of events arising from unknown causes, than to any proper design, or preconceived theory” (Merton and Barber 2004, 162, emphasis in original).

Two months after this moment of strong serendipity, he shared his results with Antoine-Laurent Lavoisier, the great French chemist, who understood the significance of this research and named the new gas oxygen, namely acid forming (a misnomer because not all acids contain oxygen). It was through his studies on mercuric oxide that Lavoisier understood the universal law of conservation of matter and the correct explanation for combustion: a combination of oxygen and other substances rather than a conjunction of air and phlogiston, the mysterious element that was thought at the time to confer flammability to fuels. Paradoxically, Priestley, the discoverer of oxygen, remained a firm believer in the false phlogiston theory all of his life!

The versatile English natural philosopher made two other serendipitous observations regarding oxygen, without having the theoretical tools at his disposal to understand them. His name for these very observations with no means of interpretation was “unexpected discoveries.” He noticed that when he removed oxygen from air by burning a candle under a bell until it was all consumed and the flame went out, if a plant was introduced, mice did not asphyxiate and could continue to breathe. But not only that; he also found that green matter formed in the jars, which, when exposed to the sun, produced oxygen. Without knowing it, he had photosynthesis before his eyes.

In 1794, things started going wrong for Priestley. He found out that in France, his friend Lavoisier, who was also a tax collector for the aristocracy, had been guillotined by revolutionaries. After mobs had ravaged his home and church in Birmingham due to his sympathies for the French and American Revolutions, Priestley decided to emigrate to the newly formed United States of America with his family. Here he was warmly welcomed and received some great offers. For example, Thomas Jefferson wanted him to work as a personal adviser, but he decided to retire to Pennsylvania. He lived in Northumberland, a village of pioneers, and spent his time gardening and doing other experiments.

Priestley was not in time to see the effects of another of his serendipitous discoveries. In 1772, two years before the arrival of the oxygen-detecting candle, he had identified nitrous oxide, which is a harmless gas that nevertheless changes your mood to the point that in some cases, it can trigger violent tendencies and unlock inhibitory brakes. It later became known as laughing gas, which was used at fairs for recreational purposes.

In 1798, however, Humphry Davy, who would become a member of the Pneumatic Institute, noticed that nitrous oxide could also be used in medicine because in high doses, it generated unconsciousness. In London, Davy mentored Faraday, the first to realize that laughing gas could be used for surgery as an anesthetic. At that time, it was nothing more than a dream to reduce the suffering caused by the operations of surgeons with their sharp blades that provoked screams of pure agony. Yet a rather serendipitous event transformed an evocative idea into reality.

In 1884, in Hartford, Connecticut, on the East Coast of the United States, in a village farther north than Priestley’s chosen retreat, a laughing gas show was organized. Spectators were invited onstage to experience the intoxication. So a dentist, Horace Wells, happened to accompany one of his friends, Samuel Cooley, who tried it. Instead of laughing, though, he had a violent fit, injuring himself. He lost a lot of blood, but did not even notice it and simply returned to his seat in the stalls. His dentist friend immediately understood the gas had a powerful anesthetic effect and removed all sense of pain. Wells tried it on himself as an analgesic during a tooth extraction and experienced no discomfort at all!

It was a sensational discovery and blessing for humankind. So Wells enthusiastically organized a public demonstration at the Massachusetts General Hospital in Boston, but unfortunately he miscalculated the timing of the anesthetic’s effectiveness. He started the operation too soon, and the volunteer suffered tremendously. Wells abandoned the profession after this mishap, and four years later died by suicide. But he was right, and the US Congress sadly recognized this too late.

Still, here once again, the serendipitous avalanche was set in motion. In 1846, two years after the events in Hartford, William T. G. Morton, a student of Wells, successfully tested the gas on his patients. A colleague, Charles T. Jackson, advised him to also use ether, an organic compound that induces similar effects. In the meantime in Georgia, Crawford W. Long was experimenting with the use of nitrous oxide on a Black slave. A debate ensued regarding which gas was the best, but the discovery of one that would make the sensory nerves numb was, so to speak, in the air. Not all of Morton’s interventions were as successful as Wells’s. There were objections from traditional surgeons, and meanwhile operations continued to be performed without anesthesia amid excruciating pain and suffering. Morton retired from the profession. He was later found unconscious in Central Park and died from the wounds he sustained in an ambush. Jackson died in an asylum in 1880. Three lives ended in tragedy due to laughing gas. Not much to laugh about.



NOW WE BEGIN TO GET SERIOUS: STRONG SERENDIPITY

The science of materials is full to the brim with serendipity in the strong sense. In 1951, Swiss inventor Georges de Mestral was on holiday in the Alps, walking and hunting. He noticed the flowers of the burdock plant, which stuck to his clothes and the hair of his dog. He was curious, so he observed the flowers under the microscope and saw lots of tiny hooks. At this point, an idea came to mind to combine two surfaces, one full of hooks and the other with loops; the two strips remain attached, but can be torn open. And so was born the ingenious Velcro, the velvet with hooks that we can find everywhere from anoraks to trainers and astronauts’ suits. And it all started with a casual observation; de Mestral was in no way looking for it, and the rest is sagacity. At first Velcro was made from nylon and then from other polymers, but it took years before industrial production was established.

Nylon itself was rediscovered by chance in the 1930s by DuPont chemists led by Wallace H. Carothers. They were working on artificial silk substitutes, looking for fibers that could stretch while remaining strong, with a high melting point. Nylon had already been abandoned, but then polyesters were found not to work, and by chance (in the sense that the engineers were literally playing with it, stretching it to the limit) they noticed that one type of nylon, polyamide, stretched a lot when cold because the polymer molecules direct the hydrogen bonds and become strong. In 1939, nylon stockings became a worldwide success, but US women soon had to do without them when war broke out because it was discovered that nylon was also perfect for parachutes.

During the same years, again at DuPont, Roy J. Plunkett was working on nontoxic refrigerant gases under high pressure, which in turn was the result of a series of previous serendipitous coincidences. One day, as a residue of a reaction, he found a powder. It was made of a strange polymer, tetrafluoroethylene, which he discovered had exceptional properties, but that was completely unrelated to the thing he was looking for. The strange substance was practically inert to anything, being impervious to acids, heat, and solvents. Nothing could scratch it. Production was found to be rather expensive until 1938, yet it was exactly the material required by the Manhattan Project scientists since it was resistant even to corrosive uranium gases. The military at Los Alamos spared no expense and so Teflon was born. It was produced at competitive prices from the 1960s onward as a nonstick material for pots and pans as well as insulation for cables, and it was perfect for space suits and heart valves as it does not interfere with the human body in any way. We can also consider this a powerful serendipity that changed our lives, along with the accidental discovery of polyethylene in 1933 and other materials that were synthesized by accident as by-products of experiments, accidental leaks, and the side effects of dirty equipment.

Sometimes it all kicks off with the recollection of a discarded invention, fished back out of the trash can of missed serendipities. Arthur Fry was a researcher in the Product Development Division at 3M in North Saint Paul, Minnesota. He had the mundane problem of marking the pages of a hymn book to indicate Gregorian chants to be sung in church. The problem was that the normal bookmarks fell off at the slightest breath of wind. He then remembered a reversible sticker that they had tested in his company and then discarded because it was too weak. Fry had an idea: make the paper sticky but not too sticky, so that it would not ruin surfaces and would come off when required. In 1977, despite much mistrust, he was allowed to carry out a market test. In the cities where it was distributed free of charge, Post-it was a great success, spreading worldwide in three years.

What was the role of the Gregorian chants in this Post-it story? This is not easy to answer. The contingent problem apart, perhaps there was an intrinsic need: Had it not been on that occasion, would it have happened anyway with other people in different situations? There is the same doubt (it is called counterfactual) when we think of the discovery of floating soap, which was the result of a negligent worker who forgot to turn off a machine, resulting in the creation of a huge amount of foam, which was then condensed and reused. Or that of the Kellogg brothers, who in 1894, in a Michigan sanatorium, accidentally made cornflakes by forgetting the cooked wheat. And even though it had become stale, they decided to recycle it by toasting it into flakes for their patients.

Serendipity in the strong sense, regardless of the specific dynamics of the discovery, always requires a mixture of randomness and sagacity, as Walpole had suggested. The Amerindians were familiar with the bark of the plant quina-quina—which Carolus Linnaeus in 1742 had named Cinchona officinalis in honor of the countess of Chinchón, wife of the viceroy of Peru. She was said to have been cured by the plant, which releases a substance, quinine, that is capable of combating malarial fevers. The Jesuits in Lima formalized the discovery and brought the substance to Europe in 1630. It is just one of the countless discoveries of the healing properties and active ingredients of plants by Native populations—peoples who for thousands of years had coexisted with plant biodiversity, obtaining poisons and medicines. Their discoveries were then systematically pirated by colonialists. So it was no serendipity in particular; if anything, it was just theft.

English gin and tonic drinkers were seemingly less prone to malaria because quinine was also the “tonic” of tonic water. Quinine became the first chemical compound used against an infectious disease. Isolated in 1820, its chemical formula was found in 1908, and the first laboratory synthesis took place in 1944. During the Second World War, there was a frantic search for synthetic quinine substitutes, such as chloroquine and atabrine, but the plasmodium developed resistance and back we went to quinine. The search for quinine substitutes in order not to be dependent on cinchona plantations had in fact been ongoing since the nineteenth century and generated a strong serendipity.

English chemist William H. Perkin tried a combination of toluidine, carbon, hydrogen, and potassium dichromate as an oxidizing agent. He did not obtain quinine, but by chance came up with a purple solution that indelibly colored fabrics. Perkin had produced the first artificial dye, which was of enormous commercial value because previously purple-red was obtained from murex, a small and rare Mediterranean mollusk that cost a small fortune. In 1856, by now enjoying himself, Perkin obtained mauve, a soft purplish color similar to mallow and geranium flowers, also previously obtained from rare Mediterranean mollusks.

Moving from malaria to tinctures, Perkin was already so rich at the age of thirty-six that he was able to sell everything and devote himself entirely to research. He revolutionized the world of tinctures thanks to a fortuitous accident while he was carrying out research into something else entirely (and we will see in a moment that tinctures will lead to another completely unexpected serendipity). He also discovered alizarin tincture, which is a beautiful red that was first obtained from madder roots and later synthesized in Germany by Carl Gräbe and Carl T. Liebermann. Coumarin, on the other hand, was the first perfume to be obtained from coal tar. In the wake of Perkin’s good fortune, the artificial synthesis of indigo came about by accidentally breaking a thermometer, which resulted in some mercury falling into a test tube. Green pigments, artificial blue, and monastral blue are also powders made from crystals that were obtained while trying to look for something completely different.

And then if a curious researcher tastes the remains at the bottom of a test tube, without dying, other powerful serendipities will follow. Saccharin was discovered by chance by Constantin Fahlberg, a collaborator of the distinguished US chemist Ira Remsen. One day, he dirtied his fingers with a substance that had spilled onto his hand by accident after an overheated reaction. He then went to the canteen to have a sandwich and found that it was sweeter than usual. He did not dismiss this oddity, and went back upstairs to lick everything he had touched. The research program involved studying the general properties of sugar, so the objective was vague. Saccharin was patented in 1884, and is 450 times sweeter than sugar. Something similar happened in 1937 at the University of Illinois with cyclamate. Here Michael Sveda, who was researching sulfonates for a completely different reason, at the end of a day in the institute, accidentally put his finger on a cigarette and found it was sweet. In 1965, James M. Schlatter tested a third sweetener, aspartame, as a component of antiulcer drugs. In this case, it had accidentally leaked out of a flask and left his lips sweet.

But one of the most clear-cut serendipities (not in the research hypothesis, which already existed, but in the unexpected and terrible confirmatory experiment) concerns the treatment of tumors. At the end of 1943, the Allies were traveling north through southern Italy and never imagined they would be subjected to a Nazi counterattack. On the evening of December 2, however, there was a surprise attack on the fleet that was moored in the port of Bari. It was heavily bombarded by more than a hundred German planes, provoking enormous damage. Among the forty ships to be blown up, there was one, the USS John Harvey, secretly full of lethal poison gas, which was banned by international conventions but held in reserve in case the enemy opted to use it. The mustard gas, which was stored in liquid form and then vaporized by explosions, had a dreadful effect on the stricken sailors. Fortunately, there was an easterly wind that evening and so the fumes were blown away toward the sea, or otherwise there would have been a massacre of civilians. Mustard gas causes a drastic reduction in red and white blood cells. Basically, blood turns to water. A military doctor, Stewart F. Alexander, observed soldiers dying in a hospital and noticed they had no apparent blast wounds. He realized what there was to understand. He saved many lives and also took notes.

The accidental poisoning in the port of Bari was kept secret until after the war. Yet it was reported to other US doctors, who tried using reduced concentrations of mustard gas to treat lymphomas and leukemia, which are characterized by an excess of white blood cells. Louis S. Goodman and Alfred G. Gilman at the Ministry of Defense had already synthesized molecules that were similar to mustard gas, particularly mustards with nitrogen instead of sulfur, which were less toxic but with the same effects. After the Bari bombing, which had tragically confirmed their hypothesis, they experimented with hundreds of different nitrogen mustards and similar compounds to treat blood and later solid tumors. A journey starting from mustard gas and moving on to nitrogen mustards led to the serendipitous birth of chemotherapy.



SERENDIPITOUS VACCINES

The world of medicine is the richest in serendipity, as we will see later, to the extent that it is not always easy to distinguish between the various types. We have already met Charles R. Richet, the doctor who believed in that mix of chance and perseverance that was behind his accidental discovery of a therapy against tuberculosis. But he won the Nobel Prize for Medicine in 1913 for something more important: the discovery of anaphylaxis, pure serendipity in series.

During a cruise, Prince Albert of Monaco had asked him to study the venom of the Portuguese caravelle, a creature that looks like a jellyfish but is actually a siphonophore—that is, a colony of zooplankton. It has painful and poisonous stinging tentacles. Richet obediently returned to Paris, yet was unable to obtain specimens of the creature to study so he chose to analyze the venom of sea anemones, the actinias. The prince had asked him to study another poison, but anyway, this is the first serendipity. He extracted the substance and tested it on dogs in the laboratory to see what threshold dose was tolerable.

Here a second serendipity took place. Out of necessity, Richet reused the same dogs he had injected with anemone venom in low enough quantities that they were able to survive. Unexpectedly, in 1902, he saw that by administering low amounts of poison after a fortnight, the dogs had a shock. They had become hypersensitive, namely allergic to the substance. And although he was not looking for it, this is how Richet discovered anaphylaxis, which was more or less a completely new field.

Thanks to his training, he noticed that the dogs who survived the first dose of poison were much more sensitive than the others; the symptoms were completely different from the initial administration (so it was a novel phenomenon that provoked a rapid and complete depression of the nervous system); and the process took time, usually three or four weeks, to manifest itself (the incubation period). Richet continued and discovered, through transfusion experiments, that this effect was due to some form of chemical in the blood. And so allergology was born. Occasional observations had been of great help, but his medical skills had done the rest. As usual in his Nobel “modesty speech,” though, Richet insisted that his only merit was that he had not discarded the serendipitous stroke of luck that lay before him and accepted the data as it was.

Regarding the immune system, the history of vaccines is also serendipitous, although possibly not quite as strong. The key of the story concerns the stubbornness of a medical student, Edward Jenner, who in 1768 during a smallpox epidemic heard in the English countryside the popular rumor that those who came down with cowpox did not get human smallpox. Milkers were never affected, even when they stood near the infected. So what connection was there between the two forms of smallpox?

With this flea in his ear, Jenner goes to study natural science in London. He prepares zoological specimens that had been collected during Captain James Cook’s first expedition in 1771. He is even offered the position of ship’s naturalist for Cook’s second expedition, but he declines because he wants to study medicine. Had he accepted, who knows, perhaps he would have become a Darwin ante litteram and history would have taken a different turn. Remaining in England, he tells his teacher John Hunter in London about his idea concerning the link between cowpox and human pox, but they do not take him seriously. Yet he insists, and in 1778, a decade after his first observation, he shows that cowpox does indeed protect herders from smallpox. In 1780, he discovers that there are two forms of cowpox and only one offers protection against human smallpox, and it only works when inoculated at a specific stage of the disease.

At this point, he feels expert enough on the subject and is ready to start experimenting. In 1796, he decides to perform a direct experiment because people continue not to believe him. He extracts some fluid from cowpox vesicles found on the hands of milkers and injects it into a healthy eight-year-old boy, James Phipps, the son of a family of poor laborers that worked as gardeners for Jenner. The boy presents mild symptoms and then recovers. After six weeks, Jenner infects him with human smallpox and James has no symptoms at all. He has become resistant. He has acquired immunity. During various smallpox epidemics, he never actually falls ill. Exactly how Jenner persuaded little James’s parents to accept the risk remains a mystery. But such was the frequency of epidemics, and such was the fear of catching human smallpox, that many preferred to fall ill with attenuated cowpox rather than the human one. Now Phipps and Jenner rest together in St. Mary the Virgin Churchyard in Berkeley, Gloucestershire.

After this daring experiment, Jenner is more than satisfied, so he makes a second, successful attempt. He goes to London for more feedback, but again almost no one accepts the evidence of the connection. Meanwhile, another doctor who is intrigued by the whole affair, Henry Cline, experiments with inoculations at Saint Thomas Hospital in London and sees that they do indeed seem to immunize. Other surgeons, however, strongly criticize the approach. A cheating and reckless doctor then inoculates a contaminated vaccine and wastes time. Jenner unmasks the trickster who wanted to preempt him and soon becomes a national hero. Even the enemy Napoléon Bonaparte respected him. In 1803, the Royal Jennerian Society was founded to oversee vaccination campaigns and inoculations.

But the term vaccine would not be introduced until 1880 by Pasteur, when he attempted the immunization of chickens against cholera. The following year, he isolated anthrax and cultivated an attenuated version, which he then inoculated in animals, and in 1885, he produced a vaccine against rabies.

All of this in honor of Jenner, who should ideally receive the merit for the complete eradication of smallpox worldwide in 1977 in Somalia. It is food for thought, then, that 250 years after Jenner, the newly developed vaccines against the SARS-CoV-2 virus (those based on messenger RNA) were obtained with exceptional speed in 2020 also thanks to the serendipitous idea of reusing an already existing vaccine technology that had been adopted for a completely different purpose—that is, in the field of oncology for vaccines that stimulate the immune system against cancer. This messenger RNA technology had, however, already been proposed in the 1980s, without generating any particular interest in the rest of the scientific community. The great difficulties that the Nobel prizewinner for medicine in 2023, the Hungarian-born American biochemist Katalin Karikó, had for decades in convincing the scientific community of the therapeutic use of messenger RNA are well known. Later, we will come back to the reutilizations and ingenious bricolage that often characterize the most creative scientific research. In any case, there is no doubt that the history of vaccines, from Jenner to Karikó, is full of unexpected serendipities.

It nonetheless would be simplistic to presume that the vaccine itself was a pure serendipity in the strongest sense if we consider a story that took place well before Jenner regarding the aristocratic poetess Mary Pierrepont, Lady Montagu, who survived smallpox in 1715, during a long and troubled journey from England to Constantinople to accompany her husband, Edward, who had become an ambassador. She discovered that in the East—and here again the East filters its way back into this story—there was a technique that could be used to prevent smallpox. The idea, in short, was already making the rounds. Infected material was taken from the pustules of those who had fallen ill with a nonlethal variant of the disease and used to inoculate the healthy.

Variolation, as it was called, made people sick but not seriously, and in return they were guaranteed future immunity from the more aggressive forms of smallpox. It was a rather rough-and-ready method, but the principle was quite similar to Jenner’s cowpox invention. Naturally, scientific resistance against the idea of using what we now know to be attenuated viruses must have been at least as strong as that against Jenner, because few doctors believed Lady Montagu (a woman and furthermore not a doctor), even though she had successfully immunized her two sons. It is important to add that the Royal Society in London had already received a report on the efficacy of this technique from Constantinople. It was sent (in vain) by an Italian doctor, Emmanuel Timoni, who was son of an interpreter working at the British embassy.

So the problem was already known, and the technique of inoculating attenuated forms of the pathogen to generate immunity had been the subject of discussion for some time. Italian Enlightenment poet Giuseppe Parini, moreover, had written an essay in 1765 about the “fabulous graft” of smallpox, which had been learned from the Chinese and Circassians. He pointed out that the rich and presumptuous European nations had at first laughed at the technique because of their “false reasoning.” Parini’s ode would make splendid reading for today’s party of anti-vaxxers, which undaunted after two and a half centuries still “acts against its own well-being and against the truth.”

Before saying goodbye to move on to other serendipitous shores, it is time to mention an example of the fourth type of serendipity identified by Yaqub. It is the strangest and most fascinating, and we will meet it again at the end of our journey. We are in the early 1900s, and a French chemist (also an artist and decorator), Edouard Bénédictus, has a banal accident in the laboratory: he drops a flask. Only this time, it doesn’t shatter. The pieces of glass remain stuck together, like a mosaic. Intrigued, Bénédictus delves deeper and realizes there was a solution of collodion inside the flask—our serendipitous cellulose nitrate once again—which once evaporated had deposited on the surface of the glass like a film and was holding the pieces of glass together. Bénédictus decides not to throw the flask away, so he labels it and stores it in a cupboard. Science is bricolage, so you never know.

In 1903, the chemist reads about a little girl who had been seriously wounded by the splinters of a windshield. He hears of other accidents, ever more frequently, caused by the windows of the first cars on the road that shattered when crashing into trees and walls. So there is a new problem along with a new emergency. And Bénédictus realizes he has the solution, locked in his cupboard waiting for a problem to present itself. He retrieves the flask and then covers a car window with cellulose nitrate, thereby inventing the shatterproof windshield. It was patented in 1909 as a triplex, a sandwich with two sheets of glass and a transparent layer of cellulose nitrate in between.

At first, however, it was not used in cars. Bénédictus’s laminated glass was utilized for gas masks in the First World War. Then in the 1920s, with many more cars on the streets, Bénédictus technology, in name and fact, took off worldwide. Collodion, which yellowed with time and light exposure, was replaced in 1933 by cellulose acetate and then in 1939 by synthetic polymers. Today we have tempered glass with no internal plastic, or laminated several times in airplanes, and even coated on the inside to avoid injury, but the technical idea is still based on the flask of the French chemist and artist. Here together, we have maximum accidentality and maximum functionality. Ingenuity precedes reality: not only was that solution not being looked for, but it was a solution to a problem that did not exist yet!
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SCIENTIFIC ADVENTURERS SAIL UNCHARTED SEAS: THE ECOLOGY OF SERENDIPITY



Winston Churchill used to say that people occasionally trip over the truth, but most of them simply get back up again and start walking as if nothing had happened. In 1955, French radio astronomer Émile Roux, and two years later, Ukrainian Tigran Shmaonov, picked up the cosmic microwave radiation of the big bang with their instruments. Exactly that type of radiation, no less. But they decided it was just an instrumental error that they could accept and ignored it. They did not have the same determination and stubbornness as Penzias and Wilson.

There have been a considerable number of successful serendipitous discoveries, but how many have been missed due to misfortune or negligence? We can imagine they have been countless, even though we cannot know for certain. Unexpected and unexploited successes drift in a limbo of unawareness. Many remedies lie ignored on shelves, in laboratory drawers, or inside plants in the forests. A favorable opportunity and fertile scientific mind is yet to arrive for them. In medicine, reverse serendipity makes the headlines: when you are talking about saving lives, missed opportunities hurt. Yet in the natural and social sciences, they go almost unnoticed because the aim is not to heal but instead innovate. In the world of collecting, they remain an amusing curiosity. When they come to light a posteriori, reverse serendipities generate retrospective regret and provoke a certain loss of reputation: it passed right under their nose, so how could they possibly have missed it?

According to the great immunologist Peter B. Medawar, Nobel prizewinner for medicine in 1960 for the discovery of acquired immunologic tolerance, luck in science is overrated because we have to weigh the discoveries we put down to good luck against all of those that were not made due to bad luck, and the latter cannot be quantified because no record remains of what has not been achieved. We will never know how many times bad luck and distraction have deprived scientists of the opportunity to make important discoveries. Failures disappear without a trace.

Art historian Aby Warburg said that the information you really need is not in the book you are looking for, but in the one next to it. How can we cultivate this serendipitous “good neighbor” idea? This leads us to think about how frequent serendipity really is and what surrounding conditions may or may not favor it: the ecology of serendipity.


RESEARCH IS AS FREE AS THE WIND: CULTIVATING THE UNPREDICTABLE

So far we have encountered a lot of apocryphal serendipity, together with abundant serendipity in a weak sense, and some rarer yet significant cases of serendipity in a strong sense. If we could understand the circumstances in which serendipity flourishes, we would be able to promote it by adopting the appropriate measures and through funding. This is by no means a question of pure entertainment. The quantitative importance of serendipity is fundamental, for example, when deciding whether or not the funds provided for basic research are justified, namely research that is not aimed a priori at an applicative result but simply driven by the mere curiosity to learn about nature—a type of investigation that at first glance, would seem more in keeping with the joys of serendipity.

Francis Bacon, the voice of the modern scientific revolution, argued that the experiments bearing fruit were not enough; one must also cultivate the experiments bearing light (the light of reason and knowledge)—that is, those without immediate applications—because both are useful in making the world a better place to live in. Thomas Sprat, in his 1667 History of the Royal Society, wrote that to complain about science that does not bring immediate results in practice is as foolish and vain as complaining that not every season in the year is harvest time. Clearly, serendipity immediately brings to mind the idea of free research that is not influenced by economic accounting or political planning.

Here, however, we have a paradox. We would like research to be anarchic and serendipitous, but how can this be planned? A planned surprise is no longer a surprise. The unexpected cannot be calculated. Desired accidents have special prerogatives that cannot be planned in advance. Furthermore, we have seen that these happy accidents must be important, have implications for our body of knowledge, and be repeatable. In short, it is not enough to loosen our grip, making the rules more flexible so that serendipity comes about as if by spontaneous generation. If serendipity is the unexpected bursting onto the scene, it can never be built or planned in advance.

We can move toward the goals we know, but what about when the most important goals are unknown? One way to bypass this paradox would be to give up the planning of any form of research. This is the logic of Medawar, who held that there is no single, automatic, and infallible scientific procedure. Nor is there a privileged type of inference, but rather multiple strategies of research and rational exploration, based on intuition, imagination, daring conjectures, and unforeseen connections. In short, science as a handcrafted poiesis, an adventure of the mind. The English immunologist maintained that if politics regards the art of the possible, then science is the art of the soluble, and solving something that seemingly could not be solved.

He was speaking from experience. Thanks to his work and that of others concerning how to prevent organ rejection, transplants became a solvable and later solved problem. They demonstrated that the solution was not technically impossible, thereby opening up new explanatory and therapeutic opportunities that had been previously unthinkable. Therefore Medawar arrived at the idea that scientific discoveries could never be decided a priori. He wrote that no government committee would ever have financed Roentgen’s tinkering with cathode ray tubes today, obsessed as they are with tangible results. And we well know how the story turned out: those playful games revolutionized medicine. No one would have stipulated an a priori research contract to discover the major human histocompatibility complex through a study on tumor transplants in mice.

So let’s surrender to the paradox: if I say that in the future, science will produce a certain new idea or make a specific type of discovery, I must declare that idea now, which means it is no longer future but present. What genuinely lies within that future is unknown. Commentators, who from time to time (usually in year-end reviews) make forecasts about what remains to be discovered in a given discipline, sooner or later are always proved wrong. In 1900, the illustrious physicist William Thomson, Lord Kelvin, not only claimed that Darwinian theory was wrong but also contended that science needed to understand just a few more details in order to arrive at a complete understanding of all reality. Five years later, two minor details arrived called quantum theory and special relativity. Similarly, we should not believe the antiprophets when they say that a certain result is in principle unattainable.

The 1932 Nobel prizewinner in chemistry, Irving Langmuir, who convinced General Electric to invest in free, unplanned basic research for years, was of the same opinion. In 1947, he suggested promoting unplanned research, accidental connections, and unforeseen circumstances in the public and private sectors. If true research is to be as free as the wind, then like sailors, we must place ourselves in a favorable position in order to make the most of unexpected breezes and gusts. Langmuir added that freedom of inquiry and freedom of opportunity are both expressions of democracy. Serendipity is thus in the interest of science, but more generally in the interest of democratic societies.

Two years earlier, in an groundbreaking book, Science: The Endless Frontier, Vannevar Bush stated that this approach should be part of the US scientific and technological research development strategy. Scientific progress, Bush wrote, arises from the free reign of free intellects, working on subjects of their own choosing, following their curiosity in the exploration of the unknown. Freedom of research must therefore be guaranteed and promoted in any government program regarding science. The inspiration, for Bush, was serendipity. Many of the most important discoveries have in fact come about as a result of experiments that had been designed with completely different objectives. As such, the results of a particular line of investigation cannot be accurately predicted.

In Bush’s case, this was not just an uplifting message; we have historical evidence demonstrating that his handling of the serendipity paradox worked. Thanks to his approach, in just a few years, the United States became a world leader in science and continues to be so to this day. But this means that if we accept we cannot program serendipity, we can at least foster and cultivate it as well as increase the probability of it happening—that is, generate the appropriate conditions for it to prosper. Yet how exactly?

Promoting basic (not “pure,” given that we do not really know what purity in science can be) research institutes is one option, but this is also paradoxical. In fact, we set up these interdisciplinary institutes precisely because we secretly hope and believe that something practical and useful will come out during our free and disinterested investigations!

It could work the other way around by starting with a concrete problem, and then letting the research open up and move in any direction toward greater generality, as many companies have done in the past with moderate success. An interesting fact, which Merton had already noticed, is that serendipitous discoveries not only come from the unexpected discoveries of individual scientists but from finalized and applied research too. Even large industries have maximized their medium-term profits by funding disinterested basic research. It all depends on how long you can afford to wait and how you can convince shareholders to make the necessary investments. It seems that the only determining factors for serendipity are the rate of funding and number of research projects. In other words, the amount of research.

So the more we do science, the more serendipitous discoveries there are, which is pretty obvious and means we can reiterate that spending on research will always be a good investment. Yaqub came to the same conclusion after reexamining Merton’s archive. Serendipity does not only and necessarily stem from basic research, as one would intuitively be led to think. It is involved in both basic and applied research. First of all, the distinction itself is permeable and blurred; many fundamental discoveries that have led to applicative spin-offs have stemmed from basic research lines, but the reverse is also true. Unexpectedly significant discoveries in basic research have arisen from applied research regarding problems of a practical nature.

We only need to think of the impact of Pasteur’s work in bacteriology on the French wine industry, the influence of Sadi Carnot’s research on thermodynamics in the improvement of steam engine efficiency, or as we have already seen, how much the birth of radio astronomy is indebted to the work carried out at Bell Labs regarding the removal of background noise from telephone communications. They are all concrete and compelling economic interests that went on to fuel basic research. In 1848, while studying the crystals of racemic acid salts deposited on the bottoms of demijohns of fermented wine, the young Pasteur accidentally discovered the chirality of molecules (that is, the nonoverlapping mirror images of their three-dimensional structures).

If we consider the types of serendipitous discoveries analyzed so far, the reason for this transversality becomes evident. Both Merton’s serendipity in the weak sense and Walpole’s strong serendipity are in fact based on a path of investigation that initially stems from a targeted research question. In the first case, you arrive at the desired outcome by unexpected means. In the second, you arrive at something that is completely unconnected. This means that targeted research can lead either to unexpected observations or to unexpected results when compared to the original objective. But that original objective was there.

All roads lead to serendipity.




COINCIDENCE, MERIT, AND POSITIVE UNCERTAINTY

Let us try to take our analysis further. Serendipity has to do with uncertainty—positive uncertainty. Initially cultivated in the refined circles of bibliophiles and antiquarians, it indicated the pleasure of unexpected and fortunate discovery. Human beings fear uncertainty, so they shy away from it as much as they can. This is because intuitively they know that it contains more negative than positive surprises. When it comes bearing beneficial gifts, the joy is felt twice over, together with ill-concealed relief. One is expecting something unpleasant, but no. The pleasure of serendipity lies in the fact that for once, the uncertainty does not bring misfortune.

Serendipity thus is linked to the themes of good and bad luck, legitimate hopes and merits, the gap between expectations and reality. While we try to make sense of the general irrationality in the world, serendipity is an irruption of unpredictability: it disrupts and puzzles. And here moral evaluation comes into play. If there is too much luck, the scientist has little merit. If there is too little luck, everything is determined by internal or external factors in science. We need a middle road, the one indicated by Pasteur: success that comes to the brave; chance that rewards the clever. It is not just a question of good luck, but it is not only method either.

In Pasteur’s theme of the prepared mind, then, there is a moral element that has a Calvinist flavor, a work ethic whereby you must deserve your good fortune and be worthy of the serendipitous opportunities that arise. Indeed, favorable circumstances reward the efforts nevertheless undertaken, hard work, and know-how with unexpected fruits. The 1974 Nobel prizewinner in chemistry, Paul J. Flory, the wizard of polymers, explained this in his acceptance speech: serendipity does not reduce the merit of the scientist; significant inventions are not mere accidents that come out of the blue. They need a prepared ground within and around the scientist. Coincidence, what the British call happenstance—the random occurrence of special circumstances beyond our control, something that therefore borders dangerously on fatalism—is important in science, but before this, there must be deep and wide knowledge. A spark of genius must light a fire on propitious ground, otherwise the fire dies out immediately.

Another Nobel prizewinning polymer wizard, Karl W. Ziegler, the hero of accidental discoveries in the production process of the first plastics—obtained thanks to the help of the dirty bottoms of containers, by-products of other procedures, residues of substances that were later found to be excellent catalysts—drew the conclusion that it is not possible to anticipate something totally new in scientific research, which means challenging the unknown. Still, he stated that you can be well prepared, thereby always keeping an eye out for unexpected developments and not ignoring or removing new phenomena that come to light, deeming them to have no links with the main project.

If coincidences are so abundant, it means everyone can become a great scientist by chance; the researcher can step down from their pedestal and become a simple human. Thus serendipitous randomness becomes too democratic. It verges on the absurd idea that “one is worth one” and lottery mentality where anyone can draw the lucky number. There is the risk of a populist and apolitical interpretation of serendipity, where wonderful things can be discovered by literally anyone. This is why many scientists have pointed out that it is not enough simply to be in the right place at the right time but that preparation, planning, tenacity, and work are also needed.

In any case, it would make no sense to sustain that Fleming’s discovery of penicillin, which was characterized by a strong element of randomness, was less worthy because it was less deliberate (assuming there can be such a thing as a genuinely deliberate discovery). Serendipitous randomness fuels another dangerous vice of ours as well: we excessively revere those magical moments, those turning points, or single revolutionary events that change our understanding of the natural world, when in actuality discoveries are made far more often through a complex and contingent succession of circumstances and potential. This includes the potential to respond to circumstances fruitfully at any moment.

Not only does chance disturb the work ethic, but it influences the deterministic views of history. Otto Glasser, Roentgen’s biographer, argued that people love chance and overestimate its importance out of explanatory laziness. It is typical of an elementary mentality, he wrote, to think that Roentgen’s discovery of X-rays could be put down to a sudden illumination. He was tenaciously working on cathode rays for a specific research question and, according to Glasser, his discovery was the logical conclusion of a long series of investigations. The happy accident was the fact that he noticed fluorescence on the screen precisely when it occurred. If it had not happened on November 8, he would have observed the phenomenon later anyway.

This is a common anti-serendipitous argument in the history of science: they would have discovered it anyway because it was in the air. We will come back to this point later. It is also true that many others made similar observations to Roentgen’s without appreciating the significance. Why not? Agreed, we accept it is right that serendipity should not be considered just a collection of appealing anecdotes and happy accidents, like Goodyear’s sulfur rubber sizzling on the stove. When considering merit and chance, however, serendipity cannot be branded as infamy either. Above all, as we have seen, serendipity is not synonymous with irrationality and mystery. It has its own reasons, motivations, and dynamics. In serendipitous fields such as archaeology, you can often find what you were not looking for, but this does not mean that the discipline loses its rigor. On the contrary, new serendipitous discoveries are constantly being made precisely because there are continuous improvements in investigation, professional preparation, data convergence, satellite technology, and remote sensing.



THE GRACE OF SERENDIPITY AND THE RETROSPECTIVE FALSIFICATIONS

Anyone remotely familiar with Darwin’s biography well knows that the story of the young man who arrives in the Galápagos and in five weeks—observing finches, mockingbirds, and tortoises—understands evolution by natural selection is a myth. That is not how it works. Discovery, whether it be serendipitous or not, is a process and not a miraculous apparition. But this is frequently how the story is told, even by the scientists themselves.

There is nothing more dangerous and misleading than using hindsight to make a posteriori reconstructions. Some scientists, when explaining how they arrived at their results, feel compelled to make understatements and emphasize more their luck rather than their objective merits. As Hungarian Albert Szent-Györgyi, Nobel prizewinner in medicine in 1937 for his research on vitamin C, said, discovery consists of seeing what everybody has seen and thinking what nobody has thought. And this explains the reaction of colleagues after a great discovery: How did we fail to see it when it was there right before our eyes!

There are others, though, who remove serendipitous events in part to keep the credit, but also to comply with the guidelines, synthesis, and minimal style required by scientific journals so their results can be published. But in this way, they betray the real and perhaps messy procedures they followed to obtain their results. Public science and private scientific practice do not coincide. In the simplified and stylized logic of standard publications, the order in which ideas were formulated is lost, and a canonical and immaculate form is retrospectively imposed, excluding the complexities and role of serendipity. In short, the genesis of thought is hidden.

For instance, everyone praises the conciseness and elegance of the article published in February 1953, where Francis Crick, James Watson, and Maurice Wilkins announce the discovery of the double helix structure of DNA, with the grandiose final understatement concerning the duplication mechanism. It is a shame, however, that the text fails to mention so many relevant details and so many intellectual debts. Years later, Crick himself confessed that all the misleading data, misconceptions, and problems regarding personal relationships in the “invisible college”—the informal group of scientists involved in the study of the DNA molecule—had been omitted from those pages.

In 1963, Medawar used the term retrospective falsification to describe this mechanism of purifying the experience by eliminating the intuitions, errors, false starts, approximate conclusions, and happy accidents that led to a discovery. Serendipity is obliterated and hidden behind impersonal, bland, conventional language. Medawar provocatively claimed that in some way, the scientific essay is a rhetorical deception. The content is obviously reliable, but the form hides the mental process that produced it; it is a caricature of the nature of scientific thought. Scientists should not be ashamed to reveal the secondary and disjointed paths behind their hypotheses. The articles published in specialist journals depict science as naive inductivism, which includes generalizations based on data, when in fact their work is full of hypotheses, plausible stories that need to be verified, bold explanations, preconceptions to be tested, imagination, and errors.

Roald Hoffmann, Nobel prizewinner for chemistry in 1981, had a similar opinion. He was an extraordinary Polish scientist, disseminator, poet, and sociologist, whose entire family was exterminated during the Holocaust. In 1988, he wrote that “under the surface of a chemistry paper” can be found all the serendipities that have been removed and all the obstacles that have been encountered. The aseptic paradigmatic and heroic report suppresses many of the authentically creative actions and fortuitous circumstances that were made possible thanks to the “grace of serendipity.”

So who knows how many tales of serendipity have been discarded by the editors of scientific journals and reviewers of articles (who are often too obedient in their temporary role as strict censors) because they are deemed to be nothing more than useless digressions. All of this suggests that the true incidence of serendipity is underestimated. In his 1965 Nobel Prize speech, Richard P. Feynman decided to tell the real story behind the development of his view of space-time in the quantum theory of electrodynamics. This, he said, was the real succession of ideas that led to the theory. In publications, however, we hide the tracks, dead ends, and detours. Geneticist George W. Beadle, who won the Nobel Prize in Medicine in 1958, and Alan L. Hodgkin, who won it in 1963, also chose to do the same thing.

In short, we cannot trust scientists’ a posteriori tales very much, and even less their celebratory autobiographies! They are all flawed by hindsight, retrospective simplifications, and the inescapable reality that they know the end of the story. It is much better to read their notebooks and lab notes, jotted down in real time as the events were taking place. Retrospective falsification also means that the more psychological and intimate dimension of discovery is often underestimated and disdained. Serendipity is linked to the real and frequently discarded “context of discovery,” which was defined by philosopher of science Hans Reichenbach in 1938 as the way in which the thinker arrives at a result (the domain of psychology), rather than the “context of justification,” meaning the way in which that result is argued and presented. Serendipity is an exposed nerve because it goes right to the heart of what has been removed; it concerns, if not logic, then at least the rational dynamics of scientific discovery.



APPLYING FOR GOOD LUCK

If that nerve is to be stimulated and serendipity is to be at least cultivated, we must pose a question: What exactly is a “mind that is ready” for serendipity? That is, we must understand what gifts and factors a scientist possesses—regarding their history, personality, and training—that favor serendipity. A great many had already dipped their toes in baths, many had seen apples fall, and many had tested steam power, but we only remember Archimedes, Newton, and James Watt.

Considering only the intuition of antiquarians, radar of collectors, and sixth sense or warning signs offers us little help. In some dictionaries, serendipity is defined as an attitude or predisposition, but this is rather vague. Exactly when does a serendipitous phenomenon meet a person who is capable of recognizing it? Succinctly put, when is the researcher’s mind able to prevent that bacterial culture that has been accidentally contaminated by mold from ending up in the trash?

Perhaps what is important is a young mind, which is more flexible and weighed down by less superstructure. Or maybe not. It is also clear that the introduction of a new instrument, which can open your eyes to reveal a new glimpse of reality, increases the likelihood of serendipitous discoveries; just consider the growing power of artificial intelligence, not to mention the invention in 1859 of the spectroscope, which immediately revealed the existence of cesium, rubidium, and later, in 1868, helium in the sun. Having an extra observational or computational tool is like opening up a new channel of communication with nature, which provides us with access to previously unseen aspects of reality.

Numerous serendipitous discoveries have been made by more elderly subjects because the right and intelligent observer may also need prior knowledge and research questions, together with the expertise and attention that comes from experience (think of Fleming), not to mention professional competence as well as a network of contacts that can provide advice and alternative points of view. Inspiration requires habitual perspiration or the sweat of hard work. To be successful in obtaining good fortune, you must study, spend time with curious people, and broaden your sphere of awareness so you are ready to take data into account that a beginner or casual observer would overlook or misrepresent. Serendipity in this sense is an art, like a musician who can improvise divinely, but only after extenuating practice.

Walpole was indeed right: chance and sagacity are always in tandem, like an intuitive amalgamation. It is all about, through experience, possessing that implicit, spontaneous, and subconscious knowledge that Hungarian chemist and philosopher of science Michael Polanyi called “tacit knowledge.” As US physicist Joseph Henry, the first secretary of the Smithsonian Institution, stated, the seeds of great discoveries are constantly floating around us, but they only take root in minds that are ready to receive them. This art, this well-cultivated soil, comprises permanent preparation, which at the right moment becomes inspiration, thus making serendipitous discovery more likely.

Merton and Barber, quoting David Seegal, tried to list seven catalysts of serendipity, or seven properties of the prepared mind. The first ability regards free association: letting ideas flow freely so that disciplined work can be overtaken by imaginative incursions that go beyond the limits of the research protocol. Others skills include perseverance and self-confidence, assiduous contact with an experienced researcher, plus accepting and accounting for exceptions, without letting them bother you (2004, 174–177). The treatment of seasickness arose from the chance observation of a patient treated with antihistamines who said they no longer felt carsick; fortunately, the scientist was not perturbed by this digression.

To these characteristics, we must then add the skill in discovering similarities between phenomena, as Jenner did when he associated cowpox and human pox; the ability to allow oneself a margin of idleness in order to ponder over and cultivate lateral thoughts; and finally, the ability to share scientific bread, such as interests and ideas with colleagues. What it takes, then, is open-mindedness mixed with an insatiable optimism. In fact, these are the qualities needed together to ward off reverse serendipity and so be able to capitalize on the unexpected—maybe with an eighth characteristic: to be restless by nature, like almost all great scientists, perpetually dissatisfied, unaccustomed to sitting on one’s laurels, with mental receptors always fired by curiosity and driven by courage.

Rosenau, author of pioneering work on anaphylaxis and member of that Harvard School of medical humanists who first dreamed of an education in serendipity, explained it perfectly:

Many a scientific adventurer sails the uncharted seas and sets his course for a certain objective, only to find unknown land and unsuspected ports in strange parts. To reach such harbors, he must ship and sail, do and dare; he must quest and question. These chance discoveries are called “accidental” but there is nothing fortuitous about them, for laggards drift by a haven that may be a heaven. They pass by ports of opportunity. Only the determined sailor, who is not afraid to seek, to work, to try, who is inquisitive and alert to find, will come back to his home port with discovery in his cargo. (Merton and Barber 2004, 177–178)

So in the voyage to the edge of the unknown that is science, one must be an xenophile: love all things strange, all things different, foreign and new, the exceptions, the deviations. Going back to Churchill, so many come across potential new evidence, but so few manage to grasp it at face value. Charles J. Pedersen worked at DuPont. It was the 1960s, and he was approaching retirement. One day, a contaminant ends up in a reaction by mistake, and Pedersen notices that an unexpected white, fibrous, crystalline substance appears. He isolates this accidental by-product, examines it, and discovers its properties. Combined with inorganic salts, it makes them soluble in organic liquids. In this way, he discovered the cyclic ethers, the crown ethers, which are now intentionally produced and inaugurated a new branch of chemistry (awarded the Nobel Prize in 1987). Pedersen, at the age of sixty, was mentally prepared for that achievement. He was studying those types of reactions and was an expert in chemical coordination, so he didn’t stumble on the discovery of cyclic crown ethers. The compound introduced itself to him, and without thinking twice, he seized it on the fly.

You must create the right conditions for a serendipitous scientific discovery, in the same way as one tries to win the lottery by buying a ticket rather than simply finding a winning ticket on the ground by accident. An accident remains an accident until it happens to the right person, at which point it becomes a discovery.



CONTROLLED SLOPPINESS

We have seen that the qualities of a mind prepared for serendipity include not losing patience after digressions, deviations, and mistakes. Without the ability to see the positive side of spills, accidents, and breakages, we would have no dynamite, celluloid, artificial silk, vulcanized rubber, and glass ceramics, to mention but a few. Without all of those substances that had been forgotten in drawers or elsewhere, we would not have Spencer’s microwave oven, Becquerel’s uranite, the daguerreotype, penicillin, or Barry J. Marshall’s cultivation of intestinal bacteria, which were not even believed to exist inside our digestive system. Gastroenterologists were so resistant to accepting the idea that certain bacteria could cause stomach ulcers that Marshall, out of desperation, was forced to carry out an experiment on himself in 1984 (the Nobel Prize for perseverance finally arrived in 2005 for the discovery of the Helicobacter pylori bacterium and its role in gastritis and peptic ulcers).

It really is a general pattern. With no contamination, methodical errors, or malfunctions, we would not have many plastic materials, such as Charles T. Dotter’s angioplasty, Robert F. Furchgott’s vasodilation, and Arthur B. Voorhees’s vascular stents, and the telephone of Alexander Graham Bell and Thomas A. Watson. We would not have the pacemaker either. In 1956, the inventor from Buffalo, New York, Wilson Greatbatch, and a doctor were working on a way to register the heartbeat when Greatbatch manipulated the machine by mistake. As a result, the device stopped registering the heartbeat and started generating electric impulses in reverse. The engineer immediately realized that instead of using the pacemaker simply to listen to the heartbeat, it could be used to actively intervene and regulate it. From then on, he became a theorist of error as a learning opportunity. His motto was, If someone has never made a mistake, it is because they have done nothing in their lives.

But how can error tolerance be cultivated? A Turin biologist who emigrated to the United States during the fascist regime, Salvador Luria—who won the Nobel Prize in Medicine in 1969 together with Max L. Delbrück and Alfred D. Hershey for his discoveries regarding the replication mechanisms and genetic structure of viruses—had argued in 1955 that fruitful accidents in science are favored by “controlled sloppiness.” According to Luria, serendipity is the chance observation that catches the receptive eye. In this sense, “It often pays to do somewhat untidy experiments, provided one is aware of the element of untidiness. In this way unexpected results, sometimes real discoveries, have a change to come up” (Merton and Barber 2004, 192–193).

Coming from a master of methodological rigor such as Luria, a pupil of the physicists of Via Panisperna in Rome, and someone who wanted to transform biology into a science that was not simply descriptive but also experimental, quantitative, and able to reach the core of fundamental biological questions, it is rather shocking to read of sloppiness and experiments done half-heartedly. But the message is clear. Luria admitted that luck, in the guise of unplanned and totally unexpected observations, had twice played a decisive role in his discoveries. He pondered this and later contended—particularly in his 1984 autobiography, titled A Slot Machine, a Broken Test Tube: An Autobiography—that creative scientists must always allow themselves margins of free association and pure curiosity. In other words, they must not focus excessively on their experiments, ignoring anomalies, broken test tubes, and clues that nature may be providing so you can discover something completely different.

According to Luria, therefore, governments should fund general lines of research and then allow flexibility, leaving the margins for chance and serendipity to come into play. In order to do this, it is clear that one must occasionally leave the beaten track, just as Luria did on numerous occasions. His way of organizing research consisted in selecting the best, giving them freedom, not overwhelming them with administrative tasks, and reducing the number of disputes. Conversely, Luria noted that excessive hurry in publishing, too much competition, bureaucracy, and specialisms for their own sake restrict scientific creativity.

To obtain a by-product, however, one must still have a line of research, namely a programmed effort. Luria’s sloppiness is “controlled” in the sense that you must be in a position to trace the cause of the anomaly you have encountered. If a parameter has been changed by mistake, to discover something interesting, it must be possible to trace the unexpected result back to that single variation, going over the various steps. In other words, it is sloppiness full of strict discipline. Luria’s teacher and colleague, German-born physicist Max L. Delbrück, who came up with a similar principle of “limited negligence,” agreed with this paradox. An experiment carried out in a sloppier manner, such as by eliminating fewer parameters, can sometimes serendipitously reveal the importance of a factor that had not been taken into consideration.

According to philosopher of science Aharon Kantorovich, serendipitous discovery, which is essential to better understand scientific creativity, especially in phases of strong change, is comparable to the random mutations that take place in biological evolution: unintentional errors and deviations disrupt routine procedures by introducing variations, which are then subjected to the selective filters of the scientist’s own mind and their community of reference. Yet this analogy only works up to a point because serendipitous phenomena are not random, unbiased, and independent of contextual pressures. On the contrary, the starting idea and hypothesis are intentional, whereas the effects are random and unintentional. As far as the success of a theory is concerned, it is not always due to selective mechanisms.

Furthermore, the category of “mistake” in science is a wide and contorted one. Making mistakes is a matter for professionals. And tolerance for error is not a passive attitude. It is not simply putting up with research imperfections and discordant data. Rather, it is the active ability to notice and distinguish promising mistakes and transform the inaccuracy into a creative improvisation. Making discoveries through errors and falsehoods is thus an element of serendipity, but it is not its root, as Eco claimed. Instead of error tolerance, we should refer to the generative value of error in science.

Galileo (another who read the great “book of nature,” like Zadig) made a mistake regarding the tides, but he did so to oppose the astrological theories of the Aristotelians concerning the influences of the moon. So he was wrong for good reasons. Fermi made an error in thinking he had found transuranic elements, whereas he had in fact observed the fission of the uranium atom. This mistake, however, did not lead to any serendipitous turning point. It was an error of interpretation and nothing more. Cuvier observed large gaps in the fossil record in the stratigraphies along the Seine and interpreted them as being immense catastrophes. He was right (they are the signs of past mass extinctions), but he provided the wrong explanation: a century and a half went by before it was established that the data was correct, but within a wrong theory.

Newton was forced to introduce the intervention of a divine watchmaker to hold together the pieces of a universe dominated by gravity. This was a mistake, but many after him continued to believe in the immutability of a cosmos in equilibrium, including Einstein, who introduced the cosmological constant to find the right balance. But today we may have resurrected that constant under the new guise of dark energy. The ways of the “error” are endless, and in science we tinker, even resurrecting dormant ideas. In any case, an error in science is not automatically a departure from truth but a way to gain knowledge. Avoiding error is narrow-minded, argued philosopher of science Karl R. Popper. Science must tackle problems that are so difficult that error becomes inevitable and generative.



THE ADDED VALUE OF DIVERSITY

There is one further point to be made about the ecology of serendipity. So far, we have seen a number of internal factors that make it more likely, right down to the elusive but interesting concept of controlled sloppiness. Yet what external, environmental, and contextual factors favor it? In his research, Yaqub identified four mechanisms that generate serendipity, three of which belong to the scientist’s mind (having theoretical expectations, possessing particular observational skills or new instruments, and learning from mistakes), and only one that has to do with the environment where the scientist works. Yaqub states that serendipity is fostered by being part of research networks, which are preferably heterogeneous and interdisciplinary.

Even Merton, as we have seen, had theories regarding the existence of favorable ecological niches. He called them “serendipitous sociocognitive microenvironments,” and stated that their main characteristic is that they allow scientists from different backgrounds to relax and talk to each other freely in research situations that favor observations and unexpected encounters (Merton and Barber 2004, 260). Yaqub adds that private research should also avoid an excess of efficiency and promote infrastructures that do not particularly reduce uncertainty and diversity of approaches. Physicist and sociologist of science John M. Ziman has the same view: scientific research goes well beyond the enlightened exercise of personal curiosity. It requires sophisticated, intellectual, and institutional structures that promote the collective production of reliable knowledge. Curiosity is a virtue associated with a social role. Therefore serendipity produces not only discoveries but also the environmental opportunities needed to make those discoveries.

The chance event in itself is insignificant unless it attracts the attention of someone able to place it in a scientific context, and who can then exploit any possible serendipitous opportunities and transform them into programmed research. Otherwise, it remains reverse serendipity or an opportunity missed. In this regard, collaborative networks can really make a difference. Their role is informative because they circulate news, create new connections, and promote a variety of different interpretative suggestions. In short, they fertilize minds by multiplying perspectives. Science is a collective enterprise: one sees things through the eyes of others. Through networks, group work is possible in which different skills meet, so reducing the negative effects of overfocused specialization. Experimenters must always be specialists in their technique, but they have everything to gain from exchanging points of view with others.

Groups can nevertheless have anti-serendipitous effects too, particularly if they are too homogeneous, cohesive, and isolated, because in this way they generate negative group conformism, which is similar to the “echo chambers” and community bubbles generated and held together by all the fashionable preconceptions circulating on the web and social networks. Science historian Naomi Oreskes, at Harvard, argues that science is to be trusted not because it flies planes or helps us arrive at eternal truths but precisely because it is a fallible social enterprise, in which a growing consensus on objective evidence is achieved through collective and transformative scrutiny.

The epistemic diversity of those involved in research teams (diversity of all kinds, whether gender, cultural, linguistic, or disciplinary) is a powerful added value that enhances creativity and scientific productivity. The constructive (and also tiring) articulation of multiple points of view—through comparisons, disagreements, and peer reviews—forges ideas and makes science more reliable. And all of this is naturally fostered by cooperation among scientists, migration (physical and disciplinary), and the free movement of minds, which should never be prevented from traveling and crossing borders.

When all is said and done, there are not many features that can be linked to a serendipitous environment. It is an elusive phenomenon that cannot be harnessed in prescriptions and recipes. Serendipity goes hand in hand with freedom of research, and both are vulnerable. We can, however, add some negative features—that is, factors that certainly undermine serendipity and that we should fight against if we want to preserve it. The enemies of serendipity are lurking above all on the net, which is a growing and enveloping dimension where even science has transferred many of its activities. In the early days, and only to some extent today, the web was a vast territory where you could explore and share information. It was an enormous hypertext library, and so inherently serendipitous. Yet with the passage of time, search engine algorithms and platforms have started to repress the unexpected, for obviously commercial purposes.

Trusted sources drown in an ocean of noise, lies, and fake news, and this means making casual connections becomes risky. The surfer is soon profiled as a customer to be fleeced, encouraged to buy, and stripped of any personal information concerning tastes and preferences. We are convinced we are wandering free of charge, but in reality, we have already sold all of our individuality. In the dictatorship of an instantaneous, emotional, and overwhelming present, you can always look for something specific with a quick google and find it for sure. Serendipity instead blossoms in the bends and meanders, the dull moments and wanderings. In the digital cosmos, it is ever more unlikely to find something one was not looking for given that in every step of the search, the algorithm proposes predictable and obvious connections that are annoyingly based on the previous accumulation of our choices and browsing.

The algorithm that kills serendipity—pestering us with its “maybe you were looking for this” and “maybe you are also interested in that”—will provide us with suggestions regarding books similar to those we have already ordered, articles that mirror our previous tastes, and products that fit our self-styled profile. It traps us inside a bubble of conformity within ourselves or an online chat. Only on rare occasions does it surprise us because serendipity is so vast that it cannot be profiled or programmed. It is impossible to control all the unintended effects of our social behavior on the web, and it is difficult to profit from it with continuous banner ads. The more the digital world expands, the less the serendipity within it is controllable. It will be difficult (luckily?) to build search engines or robots that can make serendipitous discoveries!

The anti-serendipitous algorithm only offers us what it presumes we are already interested in or our favorite influencer has suggested, and it is down to us to evade and rebel if we still have the willpower. To fool the algorithm, we can only pretend we are someone else. More in general, overdelegation to technologies risks draining the science of the unexpected. For example, in clinical diagnosis in medicine, the queen of serendipity, if we assign every therapeutic decision to a machine, we are refusing potentially serendipitous hypotheses and interpretations. It is also true, though, that on many occasions, technology has preceded science and opened up new horizons, which have produced serendipitous possibilities. Still, we should design technologies that always increase the number of possibilities instead of reducing them, and digital environments that are open to serendipity rather than debasing it.

Serendipity does not like crowds. Overgrown fields are more competitive. Powerful and more experienced groups have been working on it for some time, and it is more than likely that the best has already been found. It is far better to explore less densely populated areas and open up new lines of research, without becoming overly obsessed with the existing literature, where it seems that everything has already been discovered. After all, the archenemy of curiosity and serendipity is prejudice, being convinced we know it all through received wisdom, academic self-assurance, and the inability to divert the train of our knowledge onto an unexpected and totally new track.

One final enemy is clearly excessively calculated programming in research when it is organized in specialisms and stringent publication criteria, and when the bureaucracy of funding applications is such that it requires full-time work. In this way, science becomes laboratory technology, automation, and a flood of data with no form of interpretation and no useful questions. This form of science always remains in the vicinity of what is known, exploring areas close to the things we already know. We need to enjoy the luxury of diving into the unknown so we can twist and distort our vision a little. And above all, we require more time. What is necessary is a slower science, free from the pressure to arrive at certain results in the short term in response to internal competitions within sectors, the demands of economic and market interests, or social emergencies and anxieties. Serendipity flourishes on the terrain of a more autonomous and undisciplined science—one that slows down a little in order to give us time to concentrate more on questions than just answers.








5
PREY, PREDATORS, AND RETROSPECTIVE PROPHECIES: THE SCIENCE OF SHERLOCK HOLMES



On a beautiful, sunny morning at the end of November, William of Baskerville and Adso of Melk are walking up the path toward the abbey. As their mules trudge around the hairpin bends, the fortress stands out eerily below the mountain. Stopping in front of a trivium, where two side paths branch off, the erudite Franciscan notices some tracks in the snow and on the branches of the pines. Lost in thought, he says nothing. A little later, the abbot of the monastery, Remigio da Varagine, comes down to meet them together with some other monks and relatives.

William reassures them. The horse is not far away and has taken the path on the right and stopped at the hay barn. The abbot is astonished and asks when they had seen him. William winks at Adso, and much amused says that they have not seen him at all but that he is sure that the horse’s name is Brunello, which is the abbot’s favorite, and he goes on to describe it: excellent galloper, black fur, five feet tall, luxurious tail, small and round hooves, small head, narrow ears, and large eyes. And so begins The Name of the Rose by Eco, whose narrative model is a literal quotation directly from the novella of the three princes of Serendip and story of Zadig’s bitch and horse.

A little later, Remigio and the group make a triumphant return with the horse led back by its bit. In astonishment, they look at William, who is more than happy to let his reputation as a wise man precede him into the abbey. Unlike his eastern predecessors, however, he is not accused of theft or lying. William of Baskerville, with that extra dash of flirtatiousness and vanity, is a perfect literary quotation that represents all of those bloodhounds who follow the tracks, without being led astray by false trails, until they claim their prey. The young Adso is fascinated and, similar to Armeno and Voltaire, asks the investigator how he managed to guess all of those details. The master explains that the world is like a giant book (once again), which can tell us all about the latest news and things yet to come, whether they be sacred or profane—all information gained by observing traces that we must learn to recognize.

The classic abduction story for the novice then follows. The horse tracks took off down the right-hand path, coming from the abbey. They were small and regular, which is a sign of an orderly gallop and well-trained rounded hooves. Under the canopy of pines, there were a few freshly broken branches at a height of about five feet, and in a blackberry bush on the bend, a few long black manes of the tail caught in the thorns. As for the hay barn, it sufficed to notice the recent dark debris on the snow near the lowest bend. The small head, narrow ears, and large eyes, on the other hand, were much more adventurous inferences, the master admitted, based on the fact that only the escape of the best horse in the abbot’s stable would have inconvenienced the cellarer and their entire team of stable hands. The Platonic beauty of a horse is described in the books of scripture, and those three are the ideal characteristics prescribed by ecclesiastical authorities. And the fact he was called Brunello, smiles William, was no surprise given that the Benedictines have no great imagination, and that was the most banal and natural name, so the easiest to guess.



LOOKING FOR THE INDIES AND FINDING AMERICA

Eco’s divertissement at the beginning of his most famous novel takes us back to the second line of interpretation in the novella of the three princes of Serendip, the circumstantial one, and provides us with the chance to analyze the two types of accidental discoveries that we have so far overlooked. The first regards the one that Yaqub dedicates to Bush and that in the second chapter we called a purely accidental discovery—that is, with the highest degree of accidentality. It is when you are not looking for anything at all, and you are just curiously wandering around immersed in nature and fortuitously discover something. In fact, it is similar to the free and disinterested approach of the three princes of Serendip who were banished from their father’s kingdom to experience the world. They, like Zadig, are shrewd and sharp, and at the first opportunity show off their investigative skills, which gets them into trouble.

In this model, there is initially no direction in the search and no aim. You go out shopping with no particular need and end up finding an interesting product, which you later realize was exactly what you needed (always much better than arriving directly at your objective by ordering it online). Here, however, Yaqub contradicts himself. If it is true, quoting Pasteur, that the scientist always starts out well equipped with predictions and theoretical expectations, without which they would be unable to notice the incongruence of an unexpected and serendipitous observation, then it is hard to imagine that they could carry out totally untargeted scientific research simply by wandering about in nature’s supermarket moved by a mere curiosity to know.

Science is not like a Saturday afternoon stroll. When chimpanzees and macaques make an interesting new discovery (and then teach and pass it on), there is always a casual and serendipitous event that leads to a novelty, which in turn becomes the catalyst for other research. Agreed, playful and unfocused curiosity is also essential for us humans, but scientists will in any case have a research question in their head. Perhaps it will be falsified with the first experiment. Or possibly even unaware, they will have some theoretical background knowledge, a hypothesis to play with, or an assumption. Every experiment is a question posed to nature. It is a question that presupposes theoretical expectations.

Bush’s chance discovery and serendipity do not, in fact, capture the true spirit of this phenomenon. If the objective is to look for something you do not know, you cannot start from the unknown, precisely because you know nothing about it. You must start from the known, a hypothesis, or at least a supposition. Serendipity does not come to light passively and automatically. In order to get a “by-product,” you still need to search for a product or create one. Serendipity, as we have seen, does not depend on an irrational and purely intuitive inspiration. It is not a flash of enlightenment that hardly needs any thought at all. It takes hard work, intellectual commitment, and method. True, it is improvised and discovered through mistakes, but they are the errors of professionals. It is not pure chance, and it is not, as Arthur Koestler (1959) thought, “a sleepwalker’s performance” but rather a dialectic between contingency and favorable internal and external conditions. In other words, between projects and unintended effects.

Also the idea that serendipity can be put down to the fact that we make correct discoveries and inferences from false assumptions and premises, as Eco thought, is interesting but still off the mark. The phenomenon can certainly be found in the history of science. Czechoslovakian immunologist Milan Hašek was trying to confirm that the hybridization of plants could be used as a way of inducing genetic mutations, on the basis of Trofim Lysenko’s neo-Lamarckian theory, which was totally without foundation. He connected the circulatory systems of two chicken embryos using an embryonic tissue bridge and found that the two chicks suffered no negative reaction following the exchange of red blood cells and tissue. In this way, he accidentally discovered parabiosis and actively acquired immune tolerance—a tolerance between cells and tissues of different organisms induced by early contact between each other’s antigens. Starting from a false hypothesis, as his colleague Medawar noted, Hašek partially paved the way toward organ transplantation.

This is a clear case of serendipity in the strong sense because Hašek finds something he was not looking for at all. But the fact that this took place despite starting from a false theory is irrelevant when considering the serendipitous mechanism itself. It is evidently just another example of how you can set out in search of something (based on a well-founded or totally unfounded belief, little does it matter) and then come across the unexpected. The same goes for the story of Columbus, which is often automatically cited as a paradigm of serendipity.

The 1492 expedition was based on a catalog of intentional and unintentional errors. In the third century BCE, Eratosthenes of Cyrene had calculated the circumference of the earth with almost perfect precision, with the margin of error being only 1 percent. Hipparchus of Nicaea repeated the calculation, produced a rich map of the stars, discovered the precession of the equinoxes, and deduced the existence of a continent between Africa and Asia by analyzing the tides. He also calculated the exact position of the Fortunate Islands (Antilles) and Tule (Greenland), which are thought to have been visited by the Carthaginians well before the Vikings.

Four centuries later, memories had faded, and Ptolemy—in addition to geocentrism and the rejection of the heliocentric hypothesis of Aristarchus of Samos—introduced a geographic error. Delenda est Carthago: the Romans had already discarded the Carthaginian tradition, and Ptolemy thought the Fortunate Islands were the Canary Islands (despite the fact that they in no way corresponded to Strabo’s description) and narrowed the ecumene. The final result was that he thought the earth was one-third smaller. Ptolemy was systematic in his errors, making his mistakes professionally. He restricted all the map coordinates consistently: one degree of latitude was calculated as five hundred stadia, differently from Eratosthenes, whose figure was seven hundred.

Mistakes were then passed on like the bush telegraph and so they amplified. Mathematician and astronomer Paolo dal Pozzo Toscanelli, in the Medici era of Florence, got in on the act too. He overestimated the geographic extension of Eurasia and added an another error when calculating the longitude. Finally Columbus, based on something similar to Martin Behaim’s Ptolemaic globe, further underestimated the degree of longitude, placing it at forty-five miles instead of sixty. This was perhaps a deliberate mistake, probably a crafty ploy to convince the patrons that the venture was plausible. The size of the earth had to be reduced a little.

The simple fact of the matter is that it was only thanks to this concatenation of mistakes that Columbus thought it was feasible and so managed to convince Isabella of Castile that it was possible to reach Japan via the west. Had he known the correct distances, by referring back to the forgotten wisdom of Eratosthenes and Hipparchus, he would never have set sail; Asia was too far away for his caravels. So here, due to memory loss and Eurocentric prejudices, we are facing the unintended consequences of a chain of errors. Columbus’s additional mistake of rejecting serendipity and presuming he had really reached the East Indies (when perhaps he had only rediscovered the Americas for the fourth time, after the Amerindians, Carthaginians, and Vikings), does not change things much. It is just one case among the many others of serendipity in a strong sense, but it does not demonstrate that serendipity is always caused by the unintended consequences of mistakes, false beliefs, and wrong theories, as Eco claimed.



RETROSPECTIVE PROPHECIES

So having filed away the purely accidental discovery, what can we say about the opposite? What can we say about the cases of Zadig and later all subsequent detectives up to Eco’s William of Baskerville who do not by chance find what they were not looking for but instead brilliantly solve an enigma by reading tracks, warning signs, footprints, and clues? As we have seen, this is the second independent and parallel historical derivation of Armeno’s novel reread by Voltaire. It corresponds to the fourth type we introduced at the end of chapter 2.

Maybe due to the common historical root—the eastern novella of the three princes of Serendip—almost all the studies that have been published to date on serendipity in science speak of circumstantial method and abductive skills. They neglect the fact there is no serendipity in the original narrative structure, and that in 1748 Voltaire interpreted the novella literally. Walpole, on the other hand, misinterpreted it in his own way and so invented serendipity from scratch in 1754. Six years apart, and as far as we know unaware of each other, the Frenchman and Englishman generated a conceptual divide. We will now show that William of Baskerville’s strategic intelligence has little to do with genuine serendipity. Indeed, in some ways, it even contradicts it. In any case, abductive abilities can at best be one of the many characteristics of the serendipitous mind, not of serendipity itself.

We have said that in Voltaire’s view, the skill of Zadig lies in his ability to discern subtle differences and infinitesimal details, where others see only a blurred and fuzzy picture. The Babylonian sage does not find something he is not looking for but rather is able to describe an object he has never seen before. In a valuable essay written in 1880 and published later (1888), Darwin’s evolutionist friend Huxley named this skill retrospective prophecy. The expression is intentionally paradoxical: prophecy usually regards the prediction of a future event; divination implied being able to see something hidden in the future, whereas retrospective prophecy shows the invisible in the present or something invisible in a past event.

The retrospective prophet declares that at some point in the past, if you had been there, you would have seen this. In doing so, they break through the limits of present knowledge. Huxley opens his analysis by quoting the phrase we have already encountered uttered by Cuvier: the fossil hunter has an even safer trade than Zadig. Starting from a handful of clues, a paleontologist can reconstruct the entire features of an undiscovered animal who lived millions of years ago and is now extinct. The scientist who studies distant times leaves appearances behind them and ventures into the unknown. Thanks to retrospective prophecy, writes Huxley, “it is the apprehension of that which lies out of the sphere of immediate knowledge; the seeing of that which, to the natural sense of the seer, is invisible.”

Zadig angers the superstitious wizards of Babylon because he shows them that he has their same powers without, however, having to resort to any mysterious forces. He simply makes use of the common everyday things that govern our lives day to day, namely he sees that “we may conclude from an effect to the pre-existence of a cause competent to produce that effect.” This is precisely the “method of all mankind,” the platform of common sense where all reasoning by analogy can be found, or, to put it another way, belief in the constancy of the order of nature.

As an evolutionist, Huxley (1888) speculates that this was already the survival method of our hunter-gatherer ancestors. In a splendid passage that deserves to be quoted in full, he describes the nomads’ circumstantial method as follows:

From freshly broken twigs, crushed leaves, disturbed pebbles, and imprints hardly discernible by the untrained eye, such graduates in the University of Nature will divine, not only the fact that a party has passed that way, but its strength, its composition, the course it took, and the number of hours or days which have elapsed since it passed. But they are able to do this because, like Zadig, they perceive endless minute differences where untrained eyes discern nothing; and because the unconscious logic of common sense compels them to account for these effects by the causes which they know to be competent to produce them.

The savage condition of the graduates of the University of Nature therefore already had a method that was even better than magic and its vain a priori deductions. We are talking about the method of abduction, which Huxley defines as working backward logically when investigating the relations of cause and effect in phenomena: from what you see (the effects), you go back to the recent and remote causes, in much the same way as Zadig and the paleontologists do. It is a question of abducing from what can be seen all that is not seen and what has determined it, and then selecting the best explanation. In this way, you can divine about the past, but scientifically!

According to Huxley, Zadig’s method lays the foundation to all historical and paleoetiologic sciences that have to reconstruct past events. Historians pose questions regarding the human causes that produced the documents they study. Archaeologists unearth traces of our activities in monuments and artifacts. Geologists search for the causes that, acting today on the earth’s surface, explain the planet’s past transformations too. Astronomy is a prodigious predictor of the future (eclipses, the passage of comets, positions of stars and planets, etc.), but its retrospective prophecies are also important, such as regarding the eclipses of the sun that took place in the past, and then can be inferred and calculated accurately with no form of archaeological or documentary evidence.

Paleontology, however, remains the queen of retrospective prophecies because it has an advantage over astronomy: the chance to verify prophecy directly through fossils. The principle concerns similar causes and similar effects. So Huxley explains that we associate teeth, shells, and bones with animals who feasibly possessed them, on the basis of analogies with what we know already (and not on abstract laws of physiological correlation). The underlying principle is to always trust the constancy of the order of nature.

Thus we can deduce that belemnites are not the fossilized remains of lightning. The search proceeds following concentric levels of exclusion: we discover that they had a conical internal cavity, with chambers. There is nothing similar to be found in the world of inorganic minerals, which means they were not minerals. Then an internal channel is found between the chambers, and there is nothing similar in plants, so they were animals. The similarities with nautiluses and spirulina leads us to think they were cephalopods. In a later discovery, the fossil includes a trace of ink, so they must have been more closely related to squid, cuttlefish, and octopus. This is Zadig’s method in all of its purity: paleontologists have never seen a living belemnite, but they are able to reconstruct it in every minimum detail, despite them being animals who lived in a remote past (today we know the period ranged between the late Triassic and late Cretaceous), just as Zadig does with the bitch and horse.

If an animal that has been reconstructed from fossils and is thought to have been extinct since time immemorial were to be found alive, as happened with the coelacanth and other relics, this would be precisely the direct verification that occurred to Zadig. In his Parisian laboratory, Cuvier’s ability to recompose an entire animal from a single fragment is an extension of the same method. Huxley cites one particular example. Cuvier receives the fossil of a small mammal. The teeth together with two other bones look like the remnants of a possum. The paleontologist and anatomist formulates a predictive hypothesis about the pelvises: they will be like those of possums. He summons people to witness him opening the pelvises and is proved right. And here we have proof that predictions can also be made about the past, which Isaiah Berlin called retrodictions.

As far as the individual details are concerned, Cuvier may be wrong, betting like William of Baskerville on Brunello’s small head, narrow ears, and large eyes, but the empirical laws of structural correlations and general morphologies will point him in the right direction. Thanks to Zadig’s method, Huxley (1888) concludes, “we will enormously expand our knowledge of the distant past, accumulating new retrospective prophecies and then verifying them with new data, until we can reconstruct the entire pattern of life from its beginnings.”

When concluding his essay, his biting sarcasm of the great polemicist comes to the fore. Let us hope that the scientists that accomplish this feat of knowledge, he writes, “may be better rewarded for their toil and their sagacity than was the Babylonian philosopher; for perhaps, by that time, the magi also may be reckoned among the members of a forgotten Fauna, extinguished in the struggle for existence against their great rival, common sense” (Huxley 1888).



PREY AND PREDATORS: GRADUATES OF THE UNIVERSITY OF NATURE

Indeed, paleontology and archaeology are particularly serendipitous disciplines, almost by statute. But is this because they carry out the abduction and retrospective prophecy that was so well explained by Huxley? It seems not. The great paleoanthropologist Mary Leakey said that in archaeology, you almost never find what you were expecting. Her son, Richard E. F. Leakey, in an essay concerning the role of serendipity in the profession of paleontology (de Rond and Morley 2010, 27–43), explains that the chances of a bone or tool fossilizing are so low—due to the innumerable contingencies of taphonomy, such as sedimentation, ground conditions, accidental destruction, and so on—that serendipity is just about inevitable.

The paleontologist comes across a rare find that casts light on a tiny fragment of the rich world of the past, like a small door opening out onto a long dark corridor. The role played by the catastrophic impact of a meteorite in the mass extinction of almost all dinosaurs (excluding three families that survived and gave rise to birds) was discovered through a series of powerful serendipities. A peak of a rare element on earth called iridium was discovered in the layers corresponding to sixty-six million years ago by physicists and geologists who were interested in dating methods. This led to the hypothesis that the metal had fallen from the sky. The Chicxulub impact crater was spotted on the Yucatán Peninsula by geologists involved in reconnaissance missions concerning oil extraction.

The similarity with what Walpole wrote in 1754 is that also in this case, we need luck and sagacity. One has to put together an insufficient series of scattered, fragmentary, partial clues and evidence in order to form a reliable picture that does not change radically when the next fossil is unearthed. It is never just pure luck, though; as the masters of the discipline will tell you, a lot of work and effort is required, which is not always retold in the heroic a posteriori scenario of the discovery. Once again, what is needed is to have the right attitudes and skills so one can take advantage of the unexpected opportunity. As Darwin wrote in his early notebooks, when it comes to evolution, the scientific method consists in “finding connections between scattered facts.”

The point here, however, is that these investigative disciplines are full of serendipity, and this is not because they use abduction, which tends to and hopefully does find what you were looking for. Rather, it is because the evidence casts light on glimpses and shreds of an endless unknown. So it is highly likely that when looking for something, you find something completely different. There is an ontological versus epistemological reason for this. It is out there in the reality and not in the head. The rate of serendipity in these historical disciplines, which varies from case to case, also depends on this reality, which is far greater than our cognitive capacity can grasp. The highest level regards a chance discovery by nonexperts: children exploring a cave; miners in a quarry; farmers and workers digging a road, railway, or foundations of a building; fossils emerging as a result of landslides, bombardments, and the draining of lakes and marshes; or the Bedouin who, recovering a goat, discovers the Dead Sea Scrolls.

The medium level regards the chance discovery by professionals and deliberate discovery by nonexperts, such as sponge hunters who dive in search of sunken vessels and galleons. The low level concerns the discovery, albeit fortunate in the timing, of something that was vaguely expected to be found and was being looked for in a certain place through the use of more systematic satellite analyses, geological studies of sediments, and biogeographic and paleoclimate inferences.

Yet there is a problem with retrospective prophecy: it can turn into a self-fulfilling prophecy, as Merton noted. You can become so attached to your own prediction, which many others may also favor, that you discard all discordant data and select only the evidence that supports it, thus self-confirming it. Or one announces a prophecy so full of doom that, in order to avoid it, it is the prophecy itself that generates the countermeasures that make it implode. Huxley’s definition, however, includes the antidote to avoid these contradictions. Abduction should help us see what we could not previously see: camels, bitches, horses, belemnites, or possum fossils. In other words, it must objectively increase our knowledge.

In fact, abduction means observing connections between facts that cannot be theorized on a general level in order to generate a hypothesis that, if verified, would explain the set of observed facts, so increasing our knowledge. According to logician and pragmatist philosopher Charles S. Peirce, abduction is at the heart of hypothetical-deductive reasoning, the pivot of all scientific knowledge: analyzing circumstantial data, offering probable hypotheses, assessing their verisimilitude, making predictions, and testing them with further data, all in an endless game of conjectures and adjustments. In short, it is the logic of discovery.

Using clues, traces, and signs to infer the existence of something and describe its features, without ever having seen it before, is therefore part of abduction. Note that even if the premises are true, the conclusion is not logically certain. It is only probable. On the basis of a series of surprising facts and clues, we compare alternative hypotheses, forge them by adding new evidence, and select the best explanation. We are still sailing through a sea of uncertainty, but with a method: if a hypothesis is more economical and parsimonious, in the sense that there are fewer parameters and factors at play, we will tend to prefer it because it is more probable (once again, due to our faith in the constancy of nature’s order that Huxley spoke of).

Until proven otherwise, always. There are no firm conclusions, universal laws, or mathematical abstractions, and because of this, many purists of the quantitative experimental method turn up their noses at them. Today there is nonetheless an increasing number of scientific disciplines that need general regulation, but combined with attention to detail and single characteristics. Even though there is never one fossil identical to another or one sick person identical to another, good science is still possible. As philosopher of biology Elliott R. Sober wrote, the division between the sciences that formulate universal laws and historical sciences does not mean that each discipline has to choose one side or the other.

In evolutionary biology, for example, a discipline that is by definition historical and circumstantial but not devoid of elegant general theoretical constructions, Sober (1993, 14–15) writes, “Although inferring laws and reconstructing history are distinct scientific goals, they often are fruitfully pursued together. Theoreticians hope their models are not vacuous; they want them to apply to the real world of living organisms. Likewise, naturalists who describe the present and past of particular species often do so with an eye to providing data that have a wider theoretical significance.”

It is a question of tuning into the “elastic rigor” that Ginzburg referred to in a masterly essay in 1979 concerning the circumstantial paradigm: elastic rigor intended as a style of reasoning that feeds on flair, a glance, intuitions that cannot be formalized, and a great deal of experience. At the time, Ginzburg, like Huxley, proposed an interesting evolutionary hypothesis, which must, however, be revised in light of current knowledge. The historian had noted that from the dawn of the oriental novel, the art of hunting played a fundamental role in the model of the investigator. King Bahram was a skilled hunter and archer. The roots of the story of the three princes of Serendip and of identifying the type of animal from their tracks—roots that, as we have seen, are lost in the millennia-long exchanges between East and West—could be traced back to the naturalistic wisdom of the desert peoples. Hunting is clearly based on investigative skills—finding footprints, clues, remains, and traces of potential prey—that possibly evolved in our nomadic hunter ancestors, the graduates of Huxley’s University of Nature.

The ability to read faint traces and interpret details in the remains of hairs and feathers, smells, dung, footprints, and broken branches ensured the survival of our hominid ancestors, but a long time before they became skilled hunters. Today, on the contrary, we think that those abilities originated in a mind that was initially prey, not predator. In other words, they were the defensive adaptations of those who first had to protect themselves from attacks by big cats, birds of prey, and enemy groups of fellow creatures. Even at present, those skills that saved the lives of our ancestors still persist in our minds in the form of ancient and sometimes paranoid, animistic, and conspiratorial predispositions.

Prey are the true experts of investigative knowledge because the worst that can happen to hunters is to fail the chase and have to put off their dinner. Prey, on the other hand, risk their lives every time. So there were strong selective pressures on a prey’s ability to sniff out the traces of possible predators in good time. In fact, it was functional for prey to read too much into clues and presume they were the product of deliberate activity: a broken branch at the edge of a track may well be the result of a storm, but it is not in a prey’s interests to stop and make an objective assessment of this probability and contemplate it like a philosopher or scientist, because if that branch was instead broken by a lurking predator, they are dead. So it would be better for a prey to overestimate the level of intentionality and flee; most of the time, this would have represented an excessively prudent action, but in this way the prey would be still alive and able to procreate and leave descendants.

So for much of their evolutionary history, the part that has sculpted significant portions of our brains, species of the genus Homo were prey and not bloodthirsty predators. The investigative skills of humans thus probably evolved as antipredation adaptations, before being readapted for opportunistic hunting (stealing bits of meat and marrow from beasts who had been slaughtered by stronger predators, a not very honorable practice that we have long cultivated). Then we finally turned to the active hunting similar to King Bahram. So we can picture three profound steps in the evolution of circumstantial knowledge: first as prey, then as watchful scavengers in competition with hyenas and vultures, and finally as hunters. The first graduates of the University of Nature were our ancestors who managed not to get eaten.



THE INFALLIBLE SHERLOCK HOLMES

Although Ginzburg also mentioned serendipity in his essay, he only made weak connections between abductive skills and finding something one was not looking for. This is clearly demonstrated by the fact that, following Zadig, all the champions of circumstantial knowledge have been practically infallible, by no means the science of the unexpected. They have to solve a mystery, apply the circumstantial method, and hit the target. In The Crimes of the Rue Morgue, Poe’s detective masterpiece, a literary extreme of the abduction that inspired Doyle, detective Dupin analyses every detail, proceeding by exclusion. He even manages to read his friend’s mind, reconstructing each step of his reasoning. “Observation is a sort of necessity,” he declares. Naturally, you need to think what no one else has thought, like when scientists come across an anomaly, and not retreat from even the strangest hypotheses (even that the culprit is an orangutan), but in the end, perhaps with the help of the theory of probability, “experience always reveals its true logic.” Collateral and chance events are important, but Dupin dominates them by transforming them into “the object of absolute calculation,” so reducing the unexpected to a mere mathematical formula. The end result, then, is the negation of serendipity.

Holmes is no different. His creator, Doyle, was a doctor, pupil, and secretary of an expert in medical semeiotics called Joseph Bell, who was a surgeon in Edinburgh. Bell loved induction and the connections between clues. He was a magician of diagnoses in the ward, which the young Doyle then had to note down. Doyle wrote the first rough drafts of his character while he was waiting for his patients to arrive in his specialist clinic, between voyages as a ship’s doctor. He also studied tuberculosis in Germany with Robert Koch for a year, but was not impressed. The detective Holmes thus derives from circumstantial knowledge in the field of medicine. Bell was renowned for his extraordinary powers of observation: not only was he immediately able to identify the disease, but often he could guess the profession and social class of patients, without asking them anything. Holmes, although a little theatrical, is his literary incarnation.

In 1886, then, Doyle, inspired by Bell and the example of Poe’s detective Dupin, created the stereotype of a scientific police officer with great powers of investigation. He had to apply a rigorous and realistic circumstantial method. This meant relying not on lucky coincidences but rather on footprints in the mud, wear and tear, and other small details that are imperceptible to most people. The hero must deserve his success through hard work and reasoning as opposed to discovering the culprit through fortuitous circumstances. In literary fiction, Holmes is even the author of systematic and almost paranoid catalogs of clues such as cigarette ashes and calluses on the hands.

There is little serendipity here. Strokes of good luck hardly ever happen in real life, wrote Doyle in a 1900 letter where he explained the birth of his character. And this is why it occurred to him to take inspiration from his old Edinburgh professor and his relentless logic that traced effects back to the causes, thus diagnosing illnesses at a glance. The master doctor appreciated Doyle’s compliment and told him so in 1892. From that moment on, he even began to send him tips about criminals and crimes. So Holmes, because he is so rational and systematic, is even more of a scientist than Dupin. Science substitutes chance and crimes replace disease.

On closer inspection, Holmes, who is almost inhuman and heartless but equipped with a magnificent logical intelligence, takes abduction to such extreme consequences as to deny it. Watson acts as a counterbalance to his presumptions of infallibility, yet to no great avail. In fact, Holmes’s science is not presented as abduction but instead as logical deduction: from general premises to underlying and inevitable consequences. In the first chapter of The Sign of Four, titled “The Science of Deduction,” Holmes defines investigation as “an exact science,” devoid of emotion and misleading romanticism. It is a form of analytic reasoning that goes from the effects back to the causes and solves the enigma.

Personal qualities should not get in the way of this Galilean exercise. A client, says Holmes, scandalizing Watson, is just a number, nothing more than a factor in an equation. Sure, investigation is an art, requiring intuition, but what is also needed is a great deal of knowledge and spirit of observation to put oneself in the criminal’s shoes as well as classify information meticulously. Like Zadig, Holmes’s science regards fine details, such as cataloging the 140 varieties of tobacco that leave 140 different traces of ash (but then he solves the case the old-fashioned way, using the nose of a good police dog).

This type of science is in no way serendipitous, but the precise opposite, according to the unbeatable Holmes, because “once we have eliminated all the other variables, what remains is the truth.” Or put more philosophically, “once the impossible has been eliminated, what remains, however improbable, must automatically be the truth.” This is simply the standard experimental procedure whereby different variables and hypotheses are analyzed, compared, and discarded in order to corroborate a theory (scientific and investigative) by eliminating false leads.

Doyle’s detective is well aware that this science only works up to a point—that is, only when you are sure of and have the tools to really evaluate all the potential variables. A number of conjectures often remain on the table, all equally likely or unlikely, because human and nonhuman nature can be tortuous. “What a strange conundrum is man!” writes Doyle. When the individual acts alone, they are “an insoluble puzzle.” The rest then is just a calculation of probability and luck, Holmes admits, as does William of Baskerville. So although it is not precisely an exact science, that is the ambition. Inside his crumpled raincoat, Peter Falk’s memorable Lieutenant Columbo is decidedly more human and a seemingly careless observer: from the first scene, we know who the culprit is, but we stay glued to the TV screen to follow his investigative mastery.



SERENDIPITY AND THE DREAMS OF KEKULÉ

The close link between circumstantial knowledge and serendipity lies in the fact that a predisposition toward seeing apparently insignificant, misdirected, surprising, and disturbing details in your line of research and having the ability to connect them together favors casual observations that can lead to discoveries outside the scope of your original line of research. Let us say that abductive skills must be added to the internal factors that favor serendipity, namely taking advantage of the unexpected. So there is indeed an element of abduction in serendipity: combining chance and sagacity through the ability to put the pieces together, remix what exists to give it new meaning and imagine the unforeseeable from clues. It is a bricolage of the mind.

The discovery of the double helix structure of DNA represents an example of scientific carpentry—an abductive process during which a serendipitous (in a weak sense) episode led to a solution. Crystallographer Jerry Donohue just happened to be working with Crick and Watson at the Cavendish Laboratory in Cambridge, a microenvironment that was certainly serendipitous. Donohue was a leading expert in the chemistry of hydrogen bonds. Crick and Watson were trying to understand the structure of nucleotide bases and their combinations, but they were feeling around in the dark. The textbooks were of no help, and they were in danger of losing the race with Linus C. Pauling, the wizard of crystallography.

As Crick admitted, the solution to the enigma was by no means straightforward: “The key discovery was Jim’s determination of the exact nature of the two base pairs (A with T, G with C). He did this not by logic but by serendipity.… In a sense Jim’s discovery was luck, but then most discoveries have an element of luck in them. The more important point is that Jim was looking for something significant and immediately recognized the significance of the correct pairs when he hit upon them by chance” (the usual Pasteur quote follows) (Merton and Barber 2004, 282).

One day, Donohue told them that the manuals had been wrong for years and the bonds could not be made in the ways that had been imagined until then, and in doing so, he paved the way for the discovery. Donohue suggested some corrections and, as a result, the previous model that Crick and Watson had been working on collapsed. Watson thought about it all night, came back to the lab early in the morning, and the puzzle was solved: he looked for new combinations, imagined the double hydrogen bond and analogous base pairs, and so arrived at the double helix structure, not single nor triple, but double, a tautomeric (similar with similar) and correct form. Donohue immediately expressed his approval: it was elegant and simply had to exist!

The right person in the right lab at the right time, providing the decisive abductive clue. A slightly more suspicious side to the story is that the solution to the enigma appeared in the right dream at the right time, although many scientists swear that these things have happened. The most famous of these is German chemist Friedrich August Kekulé von Stradonitz, a pupil of Justus von Liebig, who would in turn become a master of chemistry (three of the first five Nobel prizewinners in chemistry came out of his laboratory) and was a magician of the molecular structure of organic compounds. He tells the story of two fundamental discoveries that came to him in a dream.

The first tale was in an omnibus. He was daydreaming and imagined structural theory and chemical valence—that is, how atoms are organized into structures, chains, and combinations. The second story regarded a nap in front of a fireplace in 1865, during which the ring structure of benzene (a volatile aromatic liquid) appeared: a hexagonal cyclic structure of six carbon atoms bonded to six hydrogen atoms in a similar shape to a snake biting its own tail, the ouroboros. Of course, these a posteriori reconstructions are impossible to verify, but they became fashionable.

Similar claims about finding the keys to their discoveries in dreams include Otto Loewi for the mechanism of nerve impulse transmission in 1921, Charles H. Townes for the laser in 1964 (while in a park), Kary B. Mullis for the polymerase chain reaction (while driving in his car on a weekend), and Melvin Calvin for photosynthesis (while in a parking garage waiting for his wife, the cyclic structure of carbon appeared to him). These are all alleged flashes of inspiration and visions, somewhere between the mystical and the religious, but amply prepared thanks to their familiarity with the scientific problem they were grappling with. Even Hermann von Helmholtz maintained that the best scientific ideas come in the early hours of the morning, while you were washing up, taking a walk, or standing in a line. They seem to be moments that are open to lateral thinking, when we are not too focused on the problem, similar to when we remember a name or word only if we stop thinking about it.

If this can be called serendipity, then it is in a weak form. You do not find what you were not looking for. On the contrary, you discover what you were tenaciously looking for, but it arrives through the backdoor, via the use of collateral mental resources in a moment of distraction or industrious cerebral reconstruction during sleep. Then you have to wake up, however, and do your control experiments during the daytime. But when the entire solution flashes through the mind, like Minerva from the head of Jupiter, it at least suggests that visualization in scientific discovery is of particular importance.

So serendipity is not just a particular aspect of abduction, which is helped by lucky observation, as we find in almost all literature on the subject. If anything, it is abduction that is one of the facilitating conditions, among many others, of serendipitous discoveries; in particular, it is the initial ability to spot surprising data and look into it further by formulating explanatory hypotheses. We could say that abduction is the mental attitude needed in the initial step of serendipitous discovery. The truth is that the three princes had not set out to find a camel, Zadig did not imagine that he would meet a lost bitch and horse, and William of Baskerville did not foresee that a horse would run away during their ascent to the abbey. Each of them notices certain clues and makes correct conjectures, plausible hypotheses, using their great sense of observation and sagacity. But compared to the epistemic result (having realized it was a camel, etc.), the fact that these instances were not planned meetings is not really relevant. These people clearly weren’t looking for anything. It was simply the ostentatious use of an astonishingly strong abductive ability, put to the test during chance encounters. It is not finding something while looking for something completely different.

We are interested in serendipity in a strong sense, though, because we have the suspicion that behind it there is an important message concerning how scientific discovery works and about the relationship between nature and the mind of those who try to decipher it scientifically. Why, in science, does the number of questions increase rather than decrease with the passage of time? Why is it that the more we know, the more we realize we do not know? It is as if the very act of discovering something disturbs the sphere of the unknown, bringing previously hidden aspects to the surface.

As paleontologist Stephen J. Gould wrote, serendipity and unintended consequences are celebrations of “the inestimable value of error” in science (1990, 43). They teach us to appreciate the beauty “of methods tried and failed, of paths followed fruitlessly, of structure built only to be abandoned when the final brick simply doesn’t exist” (James L. Shulman, in Merton and Barber 2004, xxiii).








6
BUTTERFLIES, JELLYFISH, MUSHROOMS, AND UNATTAINABLE GOALS: NATURE IS BIGGER THAN OUR KNOWLEDGE



In 1961, US mathematician and meteorologist Edward N. Lorenz was working at MIT in Cambridge on an atmospheric circulation model with twelve variables and three nonlinear differential equations. His computer at the time solved the equations with approximate values to the sixth decimal place, but was able only to print out the first three. Lorenz entered tabulated numbers with three digits as input instead of all six for the next round of the simulation. He popped downstairs for a coffee and came back an hour later. To his surprise, on the screen, he saw that the system had evolved in a completely different way. The weather simulation had advanced to two months later, and where before the sun was shining, now there was a thunderstorm raging.

This could not even be considered an error; rather, it was a recalculation with a wider margin of approximation. This small serendipitous episode suggested to him that the small initial inaccuracy—approximating to the third (0.506) as opposed to the sixth decimal place (0.506127)—was, in a short time, enough to redirect the system onto a totally different trajectory. In technical language, Lorenz understood that the system he was studying was extremely sensitive to the initial conditions.

That is why it was (and still is today) so difficult to predict what the weather will be like in a week or two—all thanks to the calculations of a computer that seems prehistoric to us today. In 1972, when retelling the tale of his discovery, Lorenz came up with a now-famous metaphor: the beating of a butterfly’s wings in Brazil can cause a tornado in Texas. At first it was the beating of a seagull’s wings, but later he chose the more poetic butterfly. Today, it is one of the most quoted phrases (not always appropriately) when talking about a complex situation.

In nonlinear systems, where there are so many interconnected factors interacting, sometimes small local perturbations—small causes—can have large impacts on the whole system. This happens if the initial tiny change falls at a point in the system where it is amplified by positive reinforcement relationships, where a cause acts on an effect that in turn feeds back on the cause, so reinforcing it. Positive feedback can become catastrophic quickly. In fact, the small differences in the original conditions can also include something as slight as the beating of a butterfly’s wings.

Any lovers of hurricane-generating butterflies should remember that this is only a metaphor, however, and fortunately this does not always happen. Otherwise, we would all be living in the folly of an utterly chaotic system. In most cases, the system absorbs the perturbation because it arrives at a point where negative feedback—the self-regulation and stabilization of the system—prevails. But if we make the system more unstable (such as by forcing the earth’s climate to become warmer and putting more energy into circulation), the likelihood of domino effects and exponential cascading amplification dynamics automatically increases. And so this is not a path we should take.

The discovery of the butterfly effect was a case of serendipity in a weak sense because Lorenz was anyway studying atmospheric systems and their trends. Now let us reverse our viewpoint: What if serendipity itself is a butterfly effect of our knowledge? All things considered, the mechanism is similar: scientists disturb nature with a research question—which their observations, experiments, conjectures, and refutations depend on—and sometimes the nonlinear system of nature responds to them impertinently and unexpectedly, so they discover something they were not looking for in a completely different place from where they were looking.

As with the butterfly effect, this does not always happen. In fact, not every scientific discovery can or should be traced back to serendipity. In the daily routine of research, nature often responds ambiguously, and scientists either discover nothing at all, or get what they want and advance in small steps consistently and within the work protocol. Yet when a sensitive nerve is stimulated, when the experiment accidentally reveals a hidden connection that we know nothing about, then serendipity manifests itself, either because we arrive at the result through unforeseen means (weak) or because we actually discover something we were not looking for (strong).

And all of this has to do with the vastness of our ignorance.


OSAMU SHIMOMURA’S JELLYFISH

The time has come to offer our own interpretation of the phenomenon. Let us try to apply the abductive art of Zadig, Holmes, and William of Baskerville to serendipity itself. What are the clues, tracks, warning signs, and traces of serendipitous discoveries analyzed so far trying to tell us? That in some respects, serendipity is a butterfly effect where we disturb a system that we know little about, and in so doing, touch unexplored portions of a great unknown that we know we do not know or, more interestingly, do not know that we do not know.

But let us take the argument one step at a time and go back to the butterfly effect. In fact, meteorology and climatology are not the only disciplines that are affected; there are many others. Nonlinear systems that are subject to butterfly effects include the movements of a ball in a pinball machine, chaos pendulums, ecological networks, and in the long run (very long, such as fifty million years), even the trajectories of the planets in the solar system, including the planet Earth. Lorenz was actually making a serendipitous rediscovery, because physicist Pierre M. M. Duhem and mathematicians Jacques S. Hadamard and Henri Poincaré had already come to this conclusion half a century earlier.

The latter had discovered that a dynamic interaction between three bodies is sufficient to have a dynamic system whose evolution depends on minimal variations in the initial conditions. In 1907, his sublime mathematical mind had come to the conclusion that Pierre-Simone de Laplace’s deterministic dream—to calculate the evolution of any system from here to infinity by understanding its laws and initial conditions—was to be discarded. The most interesting systems in nature remain determinable, in the sense that there are equations that describe them, but in order to predict their position with precision from here to a definite time, we would have to know the initial conditions with pinpoint accuracy, which is practically impossible since we humans lack divine omniscience.

The fact that we lack all-inclusive information, or indeed are probably so far from omniscience, offers great opportunities for serendipitous discoveries. The reality out there is so exuberant and abundant that there is always a disproportion between what we know and what we do not know. Perhaps this is what serendipity shows. It is a clue that reveals something about the real dimensions of our ignorance. Indeed, the number of serendipitous discoveries does not seem to be diminishing with the passage of time. There are no signs that the knowable is about to run about.

So Poincaré is suggesting that the message of the butterfly effect highlights our inherent ignorance, namely the fact that our knowledge is always approximated to some decimal point. Hence the medium- and long-term unpredictability of the course of the complex system we are studying. This is a first crucial clue that serendipity offers us: we are disturbing a network of connections that we know little about. And so we move away from the dimension of superficial popular entertainment that has so far enveloped the science of the unexpected.

Serendipity is not Baron Münchhausen’s pigtail that makes it possible for scientists to get out of the quicksand of a difficult problem by pulling themselves out by their own hair, possibly waiting for the solution to miraculously arrive in a dream, as Kekulé did. It is not enough just to wander around in contemplation exercising observational and retrospective intuition. It is not just casual observation. Nor is it only witty abduction. It is no longer the frivolous curiosity of nineteenth-century Notes and Queries, and it is not an exception in science. It is part of crosscutting scientific methods, emerging continuously from both basic and applied lines of research. Serendipity provides us with an important message about the nature of scientific discovery.

By now, it should be clear that serendipity is not a sum of anecdotes either, and not the folkloric part of the history of science (incidentally, the word folklore was invented by William John Thoms, the founder of Notes and Queries). It is not the caricatured “eureka!” of the genius, as is often stated for our entertainment. Like Ginzburg’s circumstantial knowledge, serendipity has nothing to do with oversensitive intuitions and irrationalism but instead is widespread throughout the world, crosses all disciplines, is not elitist, and belongs to all trades, from hunters to sailors; “it closely links the human animal to other animal species” (1979, 93).

Let us then try to revisit another example from this standpoint regarding the natural bioluminescence of the diaphanous jellyfish of the species Aequorea victoria. Japanese chemist Osamu Shimomura studied it at Princeton in the 1960s, and it led totally unpredictably to the discovery of the protein “equorin,” which when bound to calcium, emits blue light that is then absorbed by the green fluorescent protein, which in turn emits green light. Thanks to this serendipity, decades later in 2008, Shimomura won the Nobel Prize in Chemistry, together with Roger Y. Tsien and Martin Chalfie, because in the meantime, the green fluorescent protein had become a fundamental cellular marker that biologists around the world can no longer do without.

Shimomura, who passed away in 2018 at the age of ninety, had serendipity in his blood. He was the son of an officer in the Japanese Imperial Army, and on August 9, 1945, at the age of sixteen, he was a few kilometers from Nagasaki, displaced at his grandparents’ house. He had climbed a hill to watch the arrival of yet another squadron of US B-29 bombers, but that morning, at around eleven o’clock, only two had arrived, in sequence, which was unusual. One of them had dropped two parachutes with some strange instruments attached, whereas the second had only dropped one bomb, but a big one, incredibly big. While Shimomura was walking back down the hill, a dazzling light blinded him for about half a minute. Then forty seconds later, there was a terrible shock wave, and he decided to hurry back home, three miles away. While he was running, dark clouds began to rise in the sky and it started raining, a black rain. His grandma saw him arriving all dirty and immediately ran a bath for him.

In his Nobel speech, Shimomura recounted that his grandmother knew nothing about atomic bombs and radiation, but the fact there was a tradition of immediately taking a hot bath after the rain to rub everything off probably saved his life. Another lucky serendipity soon followed. The medical college in Nagasaki had naturally been razed to the ground, and in the following months and years, the city’s university was relocated to the local countryside. By chance, the Faculty of Pharmacy was set up near Shimomura’s grandparents’ house, and although he wasn’t interested, out of convenience, he decided to go there. And so he began a brilliant career, first in Japan and then at Princeton, as a specialist in the study of animal proteins.

At that time, on the other side of the Pacific, the success of major funding projects for scientific research and technological innovation stemmed from a farsighted conviction in basic research and serendipity. This was the faith of Bush, who, as we have seen, was convinced that human progress would advance through fundamental discoveries made in fields that were unrelated to the researchers’ original interests, even in areas of nature that were totally different from the scientists’ expectations. Butterfly effects. Which is exactly what had happened to Shimomura.

The story of Shimomura and many other weak and strong serendipities shows that Merton was quite right: serendipity does not fall freely like Newton’s apple from the tree; it is a disruptive, proactive, searching action that leads to unintended consequences. Like all of our actions, once carried out, they become part of a larger ecology of relationships and interpretations, which conceal potentially unintended consequences and perhaps point toward involuntary contributions in other contexts. Serendipity is like a small pebble in a pond that brings the unexpected to the surface. It happens when nature responds in unpredictable ways to our questions. As astronomer Arthur S. Eddington said, the scientist is like a fisher who casts their net into the sea, convinced that they are going to catch specific types of fish—to the point that they have woven their net with meshes of a width that matches the size of their usual prey—and at a certain point, they pull out an enormous fish they have never seen before with totally unknown characteristics. Like a Jurassic-looking coelacanth in the Indian Ocean.



SERENDIPITOUS MEDICINE: SWEET URINE AND GENEROUS MUSHROOMS

Merton, the distinguished sociologist of serendipity who has accompanied us so far, maintained that in certain conditions—research planned for a specific purpose; some unexpected and perplexing data; scientists able to accept being perplexed—“accidental discovery will occur, because the relationship between fact and theory in science is such that it must occur” (Merton and Barber 2004, 196). This is a challenging statement. Why did he use “must occur” rather than might? Where does this force, ubiquity, almost necessity, derive from? There is something deeper than mere abduction, something connected to the relationship between facts and theories. That relationship, in our view, is the gap between knowledge and reality.

Serendipity in the sense of a butterfly effect, or pebble in a pond, would not be so widespread and almost universal in all scientific disciplines if the margins of the unknown were not so broad of what we do not know and what we do not realize we do not know. That is the pond of our ignorance. After all, even the various declinations of the circumstantial paradigm presuppose our ability to gain access—by means of clues, signs, infinitesimal traces, analyses, comparisons, classifications, and abductions—to a previously unknown reality: a future reality, in the case of divination and predictions; a present reality, in the case of interpreting prey and predators in hunting; and a past reality, in the case of the camel and Brunello, who passed by exactly in that place, or when we imagine what it would be like to meet a T. rex in person.

From Zadig to Galileo, everyone is trying to decode the book of nature in order to reveal its hidden aspects. The fascinating question here is that nobody knows how many pages there are left to read. To better understand how science is the ultimate serendipitous challenge to uncertainty and ignorance, let us now analyze some of the numerous cases of unexpected discoveries in medicine from this perspective. So far, we have deliberately left out this highly serendipitous field (for an extensive review, see Meyers 2007).

We have seen that Morelli adopted Zadig’s method for the discovery of art forgeries. As we can read in Ginzburg’s essay on the circumstantial method, in 1914 Freud quotes him enthusiastically, “Morelli’s method is closely related to the technique of medical psychoanalysis.” Slips of the tongue, gestures, and forgetfulness are all clues that can reveal information regarding the personality, inner life, and psyche of the subject, in exactly the same way insignificant and unconscious details can be used to identify a forgery. It is a matter of penetrating hidden and secret zones by making note of unappreciated elements, debris, and waste that our usual observation has discarded. Freud was also a great admirer of Holmes, who was an acute observer of tiny details, personal tics, small unconscious gestures, and lapses. So what links Morelli, Freud, and the inventor of Holmes? All three were doctors.

William Osler, at Johns Hopkins University in Baltimore, asked all medical students to read Zadig’s short story, which was a good idea. The clinical eye can diagnose diseases that are inaccessible to a direct observation based on superficial symptoms, historical anamnesis, and apparently irrelevant details. The more unintentional the symptom, the better. One of the fundamentals of medical semeiotics, like graphology, is that reality is never transparent. It is never as it appears to our eyes; it needs interpretation and deduction, theoretical lenses, and knowledge that is always hypothetical and uncertain, never divine and omniscient. Even the author here, at an early age, was saved by an extraordinary doctor from Bergamo, Pietro Lanzani, who, instead of staring at a computer screen and hiding behind a specialist prescription, observed his patients, listened to them, auscultated them, and examined them in search of symptoms and clues. So following this procedure, he looked at the color of the sclera in the remote corners of my eyes and immediately saw what everyone else had not seen, a hepatitis in progress, and sent me to a hospital.

Whether or not the abductive skills of medical semeiotics lead to serendipitous discoveries, scientific advances in these fields are incredibly unpredictable and difficult to plan with any precision because they have to do with the uncertain and unknown, and what we have yet to discover. In 1889, in Strasbourg, Joseph von Mering and Oskar Minkowski were conducting an experiment on a dog who had been deprived of their pancreas in order to understand the role this organ plays in digestion. By accident, a technician noticed that the dog’s urine was attracting flies; they analyzed the urine and found that it was full of sugars similar to a diabetic. So by pure chance, they made the pancreas-diabetes connection. But what was the substance involved in the connection? Unfortunately, the rest of the story is not particularly inspiring.

In 1921, the pancreatic secretion was isolated in Romania by Nicolae C. Paulescu to the total indifference of the scientific community. He was not in the right place at the right time. In Toronto, Frederick G. Banting, Charles H. Best, and John J. Macleod also isolated a substance that they then injected into dogs who had been made diabetic. It cured them. They called it insulin in reference to the pancreatic islets of Langerhans. They extracted and purified it from the pancreas of cattle. In 1922, it was used on humans, using a diabetic friend of Banting’s as a guinea pig. A quick Nobel Prize came the following year, but inexplicably only for Banting and Macleod (it was one of the rare cases where, at a much later date, the Scandinavian committee offered an apology). In 1953, two-time Nobel prizewinner Frederick Sanger in Cambridge determined the elegant amino acid sequence of insulin, a polymer with a double ring structure. And it all started with the sweet pee of a dog.

During the Second World War, it was casually discovered that when splinters of plexiglass stuck in the eyes of British pilots, they did not provoke inflammation. The plastic material used for cockpit covers was inert, transparent, and unbreakable; it could be used to make contact lenses and for cataract operations. They didn’t know that they didn’t know. The technology was already there, but they did not know that they could put it to a different use in much the same way as before the SARS-CoV-2 pandemic, we already had platforms for online conferences.

In 1945, Sardinian pharmacologist Giuseppe Brotzu by chance discovered that some sewage deposited in the sea of Cagliari was purified by a fungus that contained an antibiotic substance, cephalosporin. This is just one of the many antibiotics discovered serendipitously in sewage and rubbish. Brotzu verified that cephalosporin acted efficaciously on typhoid fever patients. He published it in a minor journal that no one read, and by chance happened to mention it to a former British public health officer, who reported the discovery to Edward P. Abraham at Oxford University. Abraham was a scion of the prestigious chain of scholars that studied penicillin and, in the years that followed, discovered a new arsenal of antibiotics, which were low in toxicity and effective against many bacteria, including those that had become resistant to penicillin.

Out there, nature is vast and surprising. Belgian microbiologist Jean-François Borel, while searching on behalf of Sandoz for cyclosporine and other potential antibiotics in mushrooms (to be precise, in a mushroom brought back from Norway by an employee of the multinational company) in the early 1970s, realized that they had a powerful immunosuppressant effect. The mushrooms were soon successfully used in organ transplants, although at the time it was not known how they worked and why. Then it was discovered by chance that they also cured parasitic worm diseases such as schistosomiasis. You look for an antibiotic and you find a powerful immunosuppressant and vermicide.

In the 1950s, thanks to the clinical eye of an English nurse, a chance discovery was made that sunlight cured childhood jaundice because, as it was later realized, the ultraviolet component of sunlight converts excess bilirubin in the blood into a form that can be eliminated from the body, so jaundice disappears. There had already been a Nobel Prize in Medicine awarded to Niels R. Finsen in 1903 for discovering the effects of light against lupus vulgaris and the activation of vitamin D against rickets. Ignorance sometimes comes in the form of forgetfulness. It is not making the right connections.

In 1986, Michael A. Zasloff accidentally discovered magainin, which is one of the many valuable antibacterials found in animals, on the skin of an African frog of the genus Xenopus. Many others had carried out experiments with those frogs, but only he and one other understood. In the early 1960s, Judah Folkman discovered angiostatins while researching potential blood substitutes in transfusions for the US Navy. He noticed that some tumors stopped growing when they were still quite small. Folkman formulated a hypothesis, which was initially greeted with skepticism (yes, it often happens; sometimes it is healthy skepticism, but at times it is just conservatism), that tumors must develop their own blood vessels in order to grow, and so he set out on a fruitful search (including in fungi) for inhibitors of vessel growth factors.

Parisian chemist Bernard Courtois, who worked in a factory that produced saltpeter (potassium nitrate) to be used for the production of ammunition, was studying seaweed on the Atlantic coast in search of potassium when he noticed that when seaweed sludge is heated, it produces violet fumes that then crystallize, becoming black and metallic in appearance. Two friends from the Paris Polytechnic described the new material in 1813. Chemist Joseph Louis Gay-Lussac (the discoverer of the chemical formula for water and a friend of Alexander von Humboldt) called it iodin and then iodide or iodine. In 1820, Geneva physician Jean-François Coindet discovered that iodine is also present in sponges and that it cures goiter (hyperthyroidism) because the thyroid gland needs iodine to biosynthesize the hormone thyroxine. All of this started from military saltpeter.

The list is lengthy, and it is a pity to interrupt it. The contraceptive pill came about thanks to Carl Djerassi, an Austrian chemist who had emigrated to the United States. He was a disseminator, poet, and entertainer, and reached his goal at the end of some zigzagging research started decades earlier on cortisone and female hormones, which can even be found in certain Mexican potatoes. In April 1938, another Sandoz chemist, Albert Hofmann, was working on drugs for migraines and childbirth bleeding, and by chance discovered the psychedelic effects generated by the combination of diethylamide and lysergic acid, and his life suddenly became much less monotonous. Back in the laboratory, he realized that the doors of perception (as well as the beginnings of biological psychiatry) had been thrown wide open to him by a hallucinogenic alkaloid contained, among others, in the ergot mushroom. This compound later became known as LSD.

In 1917, a Greek doctor at Cornell University, Georgios N. Papanikolaou, a gift for humankind, began a basic line of research concerning the role of chromosomes in determining sex and analyzed changes in the cells of the vagina in laboratory animals during estrus. Six years later, he set out to study cell changes during the menstrual cycle in women, and by happenstance among the volunteers, there was a lady who was unaware that she had cervical cancer. Papanikolaou saw monstrous-looking cells under the microscope in her vaginal fluid (an observation he described as “largely due to chance”), and in 1928, proposed a preventive test. Nobody took him seriously for twenty years—and it is shocking to think how many women could have been saved—until 1948, when the Pap test was finally phased in.



SERENDIPITY DENIED AND BRAZEN SERENDIPITY

There is also an endless list of serendipitous discoveries in the pharmaceutical and chemical fields, with so many butterfly effects in largely unknown worlds. An unexpected reaction opens up the road to new procedures. The unknown presence of a contaminant in some experimental material, the accidental presence of a catalyst, or the chance substitution of a reagent all create the conditions for new discoveries. Alternatively, in the remaining vast kingdom of biodiversity, we find unexpected solutions that evolution has already prepared and that we can adapt for human use. A recent example of this is the development of the molecular scissors of DNA, invented billions of years ago by bacteria to defend themselves against viruses, which were engineered and transformed into gene editing, a powerful DNA copy-paste biotechnology. A small initial investment in a basic research question in microbiology has serendipitously revolutionized the biotechnology landscape, with applications of enormous—including economic—value.

It is almost standard that a drug created for a certain purpose turns out to be unpredictably effective for a completely different and independent problem—an unintentional serendipitous side effect. The acetylsalicylic acid synthesized in 1870 is an emblematic illustration. It was first tried as an internal antiseptic, but it didn’t work. It was then used in aspirin as an analgesic and to reduce fever. It is now utilized for many other important things including as an anti-infarction preventive. Salicin is an active substance found in the bark extract of the white willow, a magnificent tree with a large crown whose bark also contains tannin, an antibacterial.

Many drugs revealed their multifunctionality right from the outset, while others were adopted for different uses on numerous occasions. For instance, psychoactive drugs were later found to be useful for degenerative diseases or schizophrenia; novocaine started out as a local anesthetic but was later discovered by chance to have a function against cardiac arrhythmias; Minoxidil is a blood pressure drug that in some cases helps hair to grow back; interferon started out in the field of oncology but can also be used to treat rheumatoid arthritis; and then there is the serendipitous discovery of lithium salt–based antidepressant therapy.

The 1969 Nobel prizewinner in chemistry for the synthesis of vinyl chloride, Derek H. Barton, argued that most of the discoveries (not some, but “most”) made in plastics and organic chemistry were due to accidents and misconceptions—and right from the beginning. In fact, the first artificial synthesis of an organic compound, synthetic urea, was achieved by pure chance by twenty-eight-year-old Friedrich Wöhler in 1828, while he was trying to combine potassium cyanate and ammonium sulfate for totally different reasons. In doing so, Wöhler, who was to become Liebig’s master and the progenitor of a family of amazing chemists in Göttingen, serendipitously disproved the vitalists who were convinced it was not possible to create organic compounds (in their view, blessed with a mysterious internal life force) from inorganic substances.

The superiority of British and US aviation fuels in the Second World War owed much to the serendipity that led to Charles Friedel and James M. Crafts producing more efficient hydrocarbons, while looking for anything but. In the absence of urgent war requirements, the initial perplexity (if not outright hostility) that often surrounds the early stages of serendipitous discoveries can also be put down to provisional ignorance: not immediately understanding what the underlying mechanism is because there is a piece of the machinery missing means you tend not to believe it.

This is what happened to Gerhard Domagk, an antimalarial expert who was, however, working on dyes. By chance he noticed that for some strange reason, these substances also acted as disinfectants. On colored fabrics, they killed bacteria. There should in theory be no link between a dye and an antiseptic, yet he wanted to believe that clue. It had been a serendipitous observation. But unluckily, it didn’t work in vitro; sometimes nature can be cruel. The result was that no one listened to him. A little later, circumstances pushed him toward some hasty decisions, whether he wanted to make them or not. His daughter fell ill with a streptococcal infection that went septic. She was dying, and he decided to give her the sulfanilamide from the red dye. His daughter recovered.

In science, time can be chivalrous. At the Pasteur Institute, Jacques and Thérèse Tréfouël discovered the nitrogen component of those dyes responsible for the disinfectant effect. They explained why it is not effective in vitro and only works when activated in vivo directly on patients. It was this drug, the forerunner of all the sulphonamides, that saved the life of President Franklin D. Roosevelt’s son. Domagk won the Nobel Prize for Medicine in 1939, but the Gestapo forced him to send a letter refusing the award, which was only given back to him, but without money, in 1947. Yes, time is gallant, but only up to a point.

At other times, rather than skepticism, a common sense of decency is involved. In the 1990s, Pfizer was working on a drug for heart problems called Viagra, but it proved ineffective in the early clinical trials, having little effect. Disappointed researchers abandoned the research and asked the patients participating in the trial to return the unused pills. They were a little taken aback to find them reluctant; the men did not want to return them at all. Later it became clear why. Viagra had another serendipitously unexpected benefit.




AN ABUNDANT REALITY

But what is the source of all of this ignorance that produces serendipitous discoveries? First, it comes from the fact that we know that we do not know. In biological taxonomy, for example, we have the tools to establish that the two million or so species classified to date are only a fraction of those that actually exist. There are some who have even hypothesized that if we include the creatures of the ocean abysses as well as in general all the micro-organisms and invertebrates that have yet to be given a Linnean name, the number could reach ten million. This would mean that our ignorance regarding the living species on earth is four times greater than our knowledge. And it is incredibly sad to think that in the meantime, we are in the process of wiping out that cornucopia of life-forms that we have not even discovered and have yet to study.

In much the same way, we know that we only know a small portion of all the stars in the universe, and recently, after identifying thousands of them, have come to realize that there are multitudes of exoplanets in the cosmos orbiting their own stars. Many of these are in the habitable zone, where water can exist in all three states. To date, however, only a tiny fraction of these planets has been identified by our instruments. We began to realize how much we don’t know when, for instance, we discovered the existence of Pluto’s moon in 1978 because, by chance, James W. Christy’s star scanner at the US Naval Observatory jammed. He then noticed an anomalous photograph, but decided not to discard it and to check the archives for similar pictures. We also recognize how much we don’t know when a new technology opens up new observational scenarios, from X-ray astronomy to gravitational waves. In all of these cases, we know that we do not know and are left with the doubt that there is a reality out there that is far greater than our current knowledge.

Perhaps there is something even more thrilling regarding the discovery that we did not realize we did not know. Take, for example, when a calculation on the rotation of galaxies does not add up and forces us to presume there is the gravitational effect of something that has yet to be identified called dark matter. Or to cite another illustration, when a model regarding the inflationary evolution of the universe suggests there is a dark energy with an antigravitational effect. And when the two are added together, we come to understand that perhaps everything we have studied so far in the universe could amount to less than 5 percent of everything that exists. Should this be confirmed, it would be a rather shocking demonstration of ignorance. After four centuries of wonderful travels through the world of physics, is it really possible that we have failed to notice 95 percent of what exists?

If true, it would be marvelous because it would mean that research can continue and there is work for many more generations of scientists that can hunt for serendipitous discoveries. As Popper wrote, both empiricism and rationalism are wrong to think that there is a clear-cut and attainable truth, and that ignorance is just a conspiracy to conceal it. Asking about the fundamental source of knowledge is an authoritarian question. It is a little like asking who should be in command. Objective truth, which is intersubjectively robust due to experimental consensus concerning corroborated evidence, is obtained through error and continuous self-correction. Typically we will miss the target, but in striving for truth, we will have exercised a critical and self-critical rationalism, a systematic and constructive doubt that challenges our theories and those of others.

The scientific rationalist, who appreciates the importance of biological evolution, is the first to understand the paradox that humans are not rational animals and rationality is not an intrinsic quality but rather a task to be achieved that is difficult and limited. It is a critical attitude toward problems, in the knowledge that all knowledge is influenced by errors, prejudices, dreams, and hopes. Popperian critical rationalism (although Popper himself, like many other philosophers of science, continued to think that the context of discovery was an elusive psychological dimension) is another good definition of a mind that is prepared for serendipity.

We have seen that trying to fit all new knowledge within the theories of the time, discarding deviations and anomalies, is an enemy of serendipity. The fact is that—as Popper explained in Conjectures and Refutations—there are two types of ignorance. Bad ignorance concerns people who are convinced they already know and so try to force anything new into their preconceptions (the web is full of examples; open any page at random, and you will find something). Those with bad ignorance usually feed on certainties, slogans, and simplifications. Good ignorance is found in people who, on the contrary, know that they do not know and therefore continue their endless search, learning more and more as they do so from their mistakes. Those who suffer from this learned ignorance are generally nourished by doubts, curiosity, and unexpected discoveries. So true ignorance is not an absence of knowledge but instead a refusal to acquire it.

It therefore follows that the source of ignorance is the very process of criticism and growth of knowledge that constitutes science. This is why the solution to one problem raises new unsolved and serendipitous problems. In fact, the more it raises, the more profound the original problem was and the more daring its solution will be. Serendipitous discoveries excavate one portion of the unknown, but light up another. Thus, the more we learn about the world, the deeper the knowledge of our own ignorance will be. Our knowledge can only ever be finite, while our ignorance could be infinite (Popper 1960).

Infinite ignorance is a strong and shocking statement. In order to understand serendipity, it is important to accept that our ignorance is much greater than our knowledge and always worth challenging, as a Sisyphean labor. Furthermore, the vastness of the unknown is democratic because while levels of knowledge differ greatly from person to person, in the face of the enormity of what we do not know, we are all basically equal (and so we should also be a little more inclined toward humility). In any case, the fact that we are serendipitously navigating in this great ignorance means that the reality we have come to know and explain is only a miniscule part of the complete picture; it is an exuberant, abundant reality. This is the measure of scientific serendipity: how deeply our knowledge is surrounded and penetrated by the unknown.

Naturally, the awareness of our ignorance and uncertainty should not generate distrust in science. If anything, it is the opposite. There are many things we do not know, but this does not mean we should not trust science regarding the things we do know. The way we have discovered this knowledge is neither random nor deterministic. Rather, it is both professional and serendipitous. Certainly, we can no longer ignore or remove the context of discovery as if it were an irrational and unintelligible dimension of science. The universal presence of serendipity shows us that the mix of epistemic, psychological, and social factors that play a part in discovery opens up interesting perspectives that can help us better understand the relationship between the known and unknown, between theory and reality. As physicist Steven Weinberg put it, the spectacle of a scientist struggling against the forces of ignorance is one of the few things that raises human life above the level of a farce, giving it a sense of tragic nobility.

If the unknown is so great and is disturbed by serendipity, then, as Medawar argued, scientific truth is always an asymptomatic truth—a truth that always goes a little further ahead. And the goals of science are by definition inexhaustible and unreachable. As biologist and 1967 Nobel prizewinner in medicine for research on the retina George Wald (2017) said in one of his magnificent radio lectures,

One of the most important sources of human happiness is to find an unachievable objective. That sounds strange, but, in this life, there are many things you want. You want to find someone you can love, you want to build a home, you want to have children. And these things you will do, but somehow the finding will never quite come up to the dreams that went into it. So it’s important to find one goal that never stops being a goal, where you can have little victories, but they are just incidents in that bigger thing. Science fulfils such a role.

Correct theories are correct in the same way. Wrong theories are wrong in their own way. The many adventures of serendipity that we have encountered so far teach us that the history of science, like perhaps the history of all human ideas, comprises daring dreams, stubbornness, mistakes, controlled neglect, and unexpected discoveries. It is a never-ending challenge, moving in its dignity, to a nature that far surpasses our knowledge. It means challenging a white whale that eludes our harpoons every time.
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PAINTING A LANDSCAPE AND ONLY THEN OPENING THE WINDOW: THE STRANGEST AND MOST PROFOUND SERENDIPITY



Do you remember Bénédictus, the French chemist who was also an exponent of art deco? It was he who dropped his flask and realized that the glass had not shattered because a film of collodion had formed on the inside, thereby holding the pieces together. He had a solution that was looking for a problem. He had unknowingly invented shatterproof glass. But he put it inside a cupboard and only retrieved it later, when the car market had created the problem for which he had already found the answer—as if invention were the mother of necessity, and not vice versa. This is easy to appreciate when we are talking about an invention, but something similar happens in the relationship between physics and mathematics, and this is the most fascinating serendipity of all.

Imagine you are a creative mathematician, and just for fun, you build an abstract world or even a whole series of possible worlds. They are all coherent but purely mental universes all of your own. You modify axioms, recombine factors, explore alternative solutions, invent languages, and erect models like cathedrals of thought. At this point, you are convinced that all of this belongs to the world of ideas and has little to do with material reality. So you store your theoretical worlds in a cupboard because in life, like the flask of Bénédictus, you never know. After a while, sometimes after a long time, even a century or more, when you are no longer around and have handed down your flask to your children and grandchildren, it turns out that one of your mathematical and geometric worlds can describe a portion of physical reality that has in the meantime been revealed by new instruments. And maybe it is only one of your games, while the others remain in the dormant state of possible solutions to problems that no one has yet posed and perhaps never will.

So how is it possible that the human mind can, in the privacy of its own contemplations, anticipate physical worlds that exist out there but have yet to be brought to light? Why do we sometimes find answers to questions that have yet to be asked? We have just said that through trial and error, conjecture and refutation, scientists grapple with an abundant reality that far exceeds their knowledge. Yet here we are referring to a remarkable power of the mind to anticipate that reality.

In 1945, Hadamard expressed this idea perfectly in a poetic passage of his The Mathematician’s Mind. He was convinced he had obtained a particularly elegant mathematical result, so he submitted it to his friend Duhem, who asked him what it could be used for: “When I answered that so far I had not thought of that, Duhem, who was a remarkable artist as well as a prominent physicist, compared me to a painter who would begin by painting a landscape without leaving his studio and only then start on a walk to find in nature some landscape suiting his picture. This argument seemed to be correct” (Hadamard 1996, 128).

First he paints the landscape and then he opens the window. In this case, the mathematician-painter discovers something important about both the landscape and his own mind. He has seen many landscapes in his life; he has experience, competence, and fine intuition. Still, he does not then simply open the window and represent a bare reality for what it is. He instead tries to anticipate it by making predictions, picturing a landscape on canvas, and then comparing it with what lies beyond the shutters. In this final chapter, our hypothesis is that an evolutionary interpretation of science combined with serendipity may make a contribution to finding the solution to a classic problem in philosophy of science: the relationship between mathematics and reality, between mind and world.


THE DISCOVERY WAS IN THE AIR: AN ARGUMENT AGAINST SERENDIPITY

Come off it, the skeptic will blurt out, but what serendipity? In one way or another, all the discoveries listed to date would have been made by other people. If the time was ripe in conceptual and technological terms, someone would have got there sooner or later in any case. Anesthesia would have been discovered anyway, and someone else would have invented Post-it notes. This is the used and abused contention of theories that were “in the air” almost as if they were ghosts floating in some time period just waiting to be seized by someone. Independently and in parallel, Darwin and Alfred R. Wallace (the latter fifteen years behind Darwin) arrived at the theory of evolution by natural selection, both counting on similar data, such as reading Thomas R. Malthus, observing the distribution of species on islands, and so on. They added many different nuances to the theory, but the coincidences of thought were astonishing.

Even in the nineteenth century, during the frenetic international competition to decipher the molecular structure of DNA, in the research on anesthetizing gases, and in many other cases, the net impression is that the goal was close and the solution just around the corner. This phenomenon, which also exists in biological evolution, is called convergence: two non-closely related species develop similar functional adaptations, such as the echolocation of bats and some species of bird. This occurs because the environment poses similar survival problems to both (orientation in the dark during flight), namely similar selective pressures. This is an important clue that can help explain why this dynamic also exists in scientific knowledge: there are similar selective pressures (a research problem and the observational means needed to achieve it) and different research groups that compete to come up with the solution(s).

And indeed, the abovementioned cases are a little different from the serendipity stories reported here because in all of those situations (and in many others), there was an intentional race to solve a defined problem. But if we analyze the steps undertaken that led to the result, we can see that there were in fact some serendipitous elements (Darwin and Wallace both reading Malthus at the right time, the crystallographer Donohue in Watson’s laboratory, etc.). The overall dynamic was not serendipitous, though. This must also be said to emphasize that, naturally, not all processes of discovery are serendipitous. Yet is it really possible that all discoveries were in the air?

Let us assume for a moment that this is true and that the most luck can do is speed up the inevitable. All scientists are standing on the shoulders of the giants who have gone before them, and there is objectively a cumulative element in science. Nonetheless, at some point and in the right circumstances, it was the unknown scientists, not the giants, who managed to see a little farther. Where the intentionality of a discovery is more predictable and expected than others, it does not mean in these cases that the role of the individual scientist and the context is in any way less important. Some discoveries have their own spontaneous force and are more likely to emerge, but their realization still depends on the knowledge of the individual scientist or group of scientists, and contingency plays an important role as well (what would Darwin and Wallace have discovered without the highly serendipitous opportunities that arose through their travels?).

No one knows how many different routes were available to arrive at the same discovery. In any case, we have no counterproof, and the danger of hindsight (which makes something that did not seem necessary before become significant after, so transforming chance into destiny) is always lurking just around the corner. When our minds align a procession of coincidences that have made a surprising outcome possible, they immediately come to the conclusion that a mysterious force is responsible for this succession of events. They say that it cannot be a coincidence and hence the discovery was in the air. The mysterious characteristics of the universe also manifest themselves to the scientist in the form of strange coincidences.

To avoid this teleological version of the history of science, there is an opposing abductive argument. It cannot be considered proof but rather a clue that directs us toward our favorite serendipity. It is no coincidence that it was the unknown scientist and not the giant who managed to see farther—that is, who opened up new frontiers of knowledge. Continuing our metaphor, we can say that the mind of the giant was imprisoned by prior knowledge and so trapped within the framework of established habits, research questions, and established methods. Conservatives will thus be more likely to make predictable and deliberate discoveries that are possibly just as important, but they will remain in the vicinity of the known because they are less inclined to listen to the unexpected. The steam engine was not invented by Watt’s professor or even his father.

The new, little-known scientist, on the other hand, will have seen farther because they will in one way or another have been able (intentionally or much more often serendipitously) to break free of the chains of established knowledge, possibly even betraying it a little. And so it will have been possible for them to imagine other worlds. This suggests that it will be innovators, with their prepared minds, who have a better chance of intercepting serendipitous discoveries, namely that are irregular and unexpected, or even disruptive. Turning the argument around, it is more likely that the scientific discoveries with the greatest impact and magnitude (let us intentionally not use the terms paradigm and revolution, which would lead us elsewhere) have been and will be serendipitous.



SCIENCE AND TINKERING

More precisely, through serendipity, we can appreciate the elements of continuity in the growth of scientific knowledge while at the same time benefiting from the elements of rupture, of impetus toward the unknown, toward what we know we do not know, and above all toward what we did not know we did not know. As Kantorovich has noted, there is another analogy between biological evolution and the evolution of science: bricolage.

With no form of intentionality, premeditation, or finalism, the biological process of transformation and adaptation also follows a similar pattern of unforeseen benefits and anticipated solutions. Usually a structure or behavior, which evolved in relation to primary adaptive functions, or remained as a nonfunctional side effect or residual of other changes, can turn out to be useful in performing completely different and independent functions when environmental characteristics change. From wings to lungs, from new functions of old genes to the plastic reuse of many areas of our brain, the historical origin of a trait or organ rarely coincides with its current function. Evolution is rehashing. It regards variations around a theme. Although unfortunately in the scientific literature it continues to be termed preadaptation (a term steeped in finalism, as if a trait were already there waiting to be exploited and preadapted according to its purpose), this phenomenon should be called exaptation, meaning the ingenious and opportunistic reuse of already existing biological structures, which had evolved with other functions or without any function at all.

In short, the evolutionary process transforms necessity into invention. Natural selection does not start from scratch each time but instead from the material available, with all of its constraints and history. Rather than producing optimal results, tinkering will produce a handcrafted compromise between different needs. Above all, an organism can acquire unexpected advantages, which were not originally involved in the adaptive process, through the plastic and flexible exploitation of already existing opportunities. In other words, what is functional today also has a range of potential effects, many of which are now completely unknown and unpredictable, just like a serendipitous discovery. Consider for a moment (as Richard Leakey has noted) the series of consequences regarding the exaptation mechanisms of the human bipedal gait: a whole set of new behaviors and characteristics (the freeing of the upper limbs, locomotor flexibility, narrowing of the birth canal, and so on) was made possible by an earlier postural adaptation, due to quite different, thermoregulatory reasons, which in turn were triggered by a contingent climatic and environmental change. The human species, its brain included, is an encyclopedia of exaptation.

And this is also how our mind seems to work when grappling with an abundant reality. It searches for something intentionally and then finds something completely different, as if the investigation of a surplus reality in some way guarantees our research journey, immersed as it is in a vast unknown, a latent potential of unexpected serendipitous discoveries. So serendipitous opportunism exists in both evolution and cognition because the scientist’s mind embarks on its journey of exploration, like the three princes of Serendip, with a consolidated set of abilities, know-how, methods, dreams, ambitions, beliefs, and questions. These skills, when pitted against empirical reality, become a warehouse of potentially applicable exaptations.

If there is an abundant reality out there with endless possibilities, with no direct routes but many viable roads, then it can be explored down unexpected streets—avenues that no one else can see at the time because they are focused on a smaller reality. Perhaps this explains the paradoxical fact that every time we discover something more, it is as if we disturb that unknown, bringing new questions to the fore, so we end up feeling we are more ignorant when in fact we actually know more and more. The unknown, which appears like a infinite expanse, does not seem to be eroded by the advancement of our knowledge. On the contrary, it seems to prosper, as if each open window leads to new windows that need to be opened. Hence the conclusion that, with the passage of time, rather than diminishing, the number of questions increases.

Now let us ask ourselves the following question: We accept that nature is far greater than our knowledge, but is it also greater than our imagination? It is debatable, and so we come to our final serendipity. Regarding our relationship with this immense ignorance, Popper (1960) argued that the creative scientist manages to find self-transcendence through imaginative criticism, inventing and anticipating new situations, challenging prejudices and assumptions. This is the job of Hadamard’s scientist-painter, who first paints the imagined landscape on canvas and only then opens the window.

The evolutionary bricolage of science anchors us to what exists, to the continuity between the giant and the lesser-known scientist on its back; we play with the already existing bricks and find unexpected combinations that become solutions that are looking for problems. The imaginative impulse, another component of a mind that is prepared for serendipity, pushes us instead toward schism and novelty. If we are lucky, we will be able to survive some of our erroneous theories, again through the testing of serendipitous possibilities conceived in our imagination.

As Medawar has written, science is not an inventory of facts; it is a creative and exploratory activity. Just think of the role played by mental experiments, from Galileo’s ship to Einstein’s free-falling lifts. The scientist must be intuitive, producing ideas, theories, and hypotheses that are then subjected to analytic and critical scrutiny. Imagination in both basic and applied research is needed because there is no such thing as a pure observation that is not already pervaded by the theory that generated that specific question being asked of nature. A scientific hypothesis, after all, is an imaginative preconception of what could be true. It is a theory in its larval state and, as such, proposing one requires responsibility; it is not a free exercise. The formulation of general laws, Medawar (1984, 86–87) continues, begins with imagination: “Science will persevere just as long as we retain a faculty we show no signs of losing: the ability to conceive—in no matter how imperfect or rudimentary a form—what the truth might be and retain also the inclination to ascertain whether our imaginings correspond to real life or not.”



GRINS WITHOUT THE CAT

Creative bricolage and anticipatory imagination; continuity and breakages. Let us now go back to the beginning, back to chapter 1. We saw that the authentic narrative pattern of Armeno’s novella, which was later interpreted philologically by Voltaire in Zadig, involves the ability to describe something you have never previously observed by using the circumstantial and abductive method. It is not finding something you were not looking for. Following Walpole’s misinterpretation, however, we now discover a serendipitous characteristic of science that makes it similar to the original Persian novel. Both the literal and imaginary interpretations therefore have something important to say about scientific endeavor.

In fact, the ability to describe something that has never been seen before is what happens in advanced science, which highlights (from clues, calculations, and the mathematical consequences of models) the existence of entities that have never been empirically investigated directly such as planets, black holes, pulsars, the Higgs boson, gravitational waves, unclassified biological species, and chemical elements. These entities predicted by science before any direct perception are identical to the camel in the three princes of Serendip! Or like the bitch and horse in Zadig, and Brunello, the splendid black-maned stallion described by William of Baskerville.

In novels, because narratives must surprise the reader and guarantee happy endings, at the end of the story, the animals predicted always appear and confirm the admirable abductions of our detective heroes. In contrast, in the scientific tussle between intellectual constructions and factual constraints, sometimes, but not necessarily, illusions and defeats are possible. And another difference is that in science, the external characteristics of the camels, dogs, and horses predicted still depend on the mental glasses of the observer.

Let us now take the issue one step further. Predictions that are confirmed can have differing levels of serendipity. Regarding pulsars (predicted thirty years earlier) and cosmic background radiation (twenty years earlier), the discoveries were made unintentionally and serendipitously by other scientists, who were unaware of the previous predictions, but who were equipped with better instruments than their predecessors. Concerning the Higgs boson and gravitational waves, though, empirical validation was intentionally and stubbornly sought right from the start, meaning their discovery was in no way serendipitous.

We know that the fruitful relationship between mathematics and nature is expressed in many ways. We are not perturbed to find that certain geometric forms are favored in evolution thanks to their simplicity and adaptive efficiency. Embodied mathematics is expressed in the form of logarithmic curves, spirals, golden ratios, fractals, regular structures, and symmetries. We are not unduly disturbed by the fact that, thanks to our ability to measure and quantify the world, mathematical modeling captures the essential characteristics of reality—“defalcating the impediments of matter,” as Galileo wrote—by bringing out certain crucial numbers and fundamental constants, such as the speed of light, pi, Euler’s equation, Planck length, and so on.

Through these two properties, we can understand why it is possible to make predictions about certain aspects of the world that we have yet to observe by considering symmetries, correspondences, and generalizations. Dmitry Mendeleev, thanks to the mathematical structure of the periodicities and properties of his monumental table (which also came about serendipitously due to a need for didactic reorganization), was able to predict the existence of new chemical elements, which were then later observed just like Zadig’s bitch and horse. So we classify what exists, and in doing so realize that there must be much more. Up to this point, there is always a direct bridge between mathematics and nature. More disconcerting, however, are situations where mathematical concepts that were created for pure fun and are nothing more than formal exercises inspired by a love of beauty and elegance, with no imaginable application, turn out a posteriori to be able to describe new physical realities.

We could recall, for example, the third century BCE conics of Apollonius of Perga, the three curves obtained through the cutting of a cone by a plane (ellipse, parabola, and hyperbola). Seventeen centuries later, this ellipse materialized in the skies of Kepler, who later admitted that he had established his three laws through “reasons, subterfuges and lucky hazard.” This then generated a new research question regarding the forces needed to produce an ellipse. The solution arrived later in the form of Newton’s Principia, which deduces all three conics through the law of universal gravitation. The same three conics are also found when an electric force acts between two charges. Thus, a geometric form conceived by the mind of an Alexandrian scholar has the power to describe a fundamental aspect of nature, the celestial orbits (Barone and Giorello 2016).

Like in the passage in chapter 6 of Alice’s Adventures in Wonderland by mathematician Lewis Carroll (whose real name was Charles L. Dodgson), “grins without the cat” sometimes appear in science—that is, products of pure mathematics with no connection to physical reality. They are nothing more than mathematical games. Mathematical theorems take on a life of their own, although they can later be found to be useful and applied to the structure of the external world. They travel underground, like karst layers, only to resurface when you least expect them in a somewhat clandestine and nomadic manner. Bertrand A. W. Russell said that mathematical theorems are aberrations, yet part of an independent world with its own internal coherence.

Philosopher of science Imre Lakatos recalled that the product of mathematics is like “a living, growing organism, that acquires certain autonomy from the activity which has produced it” (1976, 145–146). But how is it possible that at some point a grin without a cat, just one among many other possible grins with no cats, after wandering through its remote realm of catless grins for decades or even centuries, then ends up meeting the very cat whose smile it belongs to? And in this way—borrowed from a physicist, chemist, biologist, or who knows who—it materializes on the branch of a tree just like in Alice, the tree of experimental sciences.



THE SERENDIPITOUS AND AUDACIOUS EFFECTIVENESS OF MATHEMATICS

Scientists are sometimes astonished that laws of nature exist and can be formulated mathematically. Eugene P. Wigner, a physicist from a Hungarian Jewish family who moved to the United States, was part of the second generation of quantum physicists after the founders. He won the Nobel Prize in 1963 for his theory of atomic spectra and was fascinated by the principles of symmetry and invariance in physics as well as the seemingly orderly architecture of atomic physics with its zoo of particles. Despite its paradoxical and counterintuitive characteristics, quantum mechanics had excellent predictive capabilities and was extraordinarily accurate when used in technological applications. For these reasons, Wigner formulated the enigma of the grin without the cat in these terms: “The Unreasonable Effectiveness of Mathematics in the Natural Sciences,” which was the title of a memorable lecture he gave at New York University in 1959—published the following year.

Wigner starts from the seemingly naive question of a friend: Why does pi appear efficaciously in formulas that have nothing to do with the relationship between the circumference of a circle and its diameter? In an attempt to answer this question, he draws inspiration from mathematician David Hilbert, who in 1919 had spoken about something like a preestablished harmony between being and thought, which we must accept as miraculous until we can explain it. Why do mathematical concepts, which crop up in the most unexpected scenarios, have applications and implications that go well beyond the context in which they were discovered and elaborated? Wigner notes that James C. Maxwell’s equations were originally developed for electric and magnetic fields, but later it was found that they also serendipitously describe radio and light waves as if they existed independently and were actually wiser than their discoverer, given that they contain much more than the discoverer originally put into them. This efficacy of mathematics is unreasonable and mysterious. There is no reason why it should exist. Moreover, we do not know whether a theory that has been formulated through mathematical concepts is the only one possible.

Wigner begins his lucid essay by describing the audacious creativity of mathematics, the science of ingenious operations that utilize rules and concepts that have been invented specifically for this purpose: while the most elementary ones are inspired by reality, all the others are not. Yet complex numbers with their strange imaginary unit (the square root of −1 introduced in the sixteenth century by Raffaele Bombelli to solve algebraic equations with square roots of negative numbers, which are considered impossible and pure fantasy), together with algebras, operators, sets, irrational numbers, negative quantities, transfinite numbers, and many other strange creatures, actually work! Guile is combined with an exuberant brio of conquest: “The great mathematician fully, almost ruthlessly, exploits the domain of permissible reasoning and skirts the impermissible” Groundbreaking new concepts that go beyond those contained in the axioms are based on a sense of formal beauty along with “their results of great generality and simplicity” (Wigner 2010).

Physics, on the other hand, discovers regularities in natural events that are constant and not dependent on the innumerable conditions that might influence them. It investigates many layers of increasingly fundamental laws of nature, which nevertheless remain probabilistic in character and fail to explain many contingent historical details and arbitrary initial conditions. In physics, mathematical constructs take on a creative role in the process of discovery because they anticipate the intentions of the discoverers themselves. A consequence of their consistency is that they can reveal the existence of entities that have never been previously observed. They can generate predictions and descriptions of new worlds. Mathematics has provided an animated variety of prepackaged theoretical frameworks that have later been seen to be ready for use in the formalization of basic laws of nature.

And this is where the double miracle lies. Laws of nature exist, and our minds can read them in advance; for reasons of audacity and an appreciation of beauty, mathematicians and physicists invent concepts such as complex numbers that are in no way natural, without receiving even the faintest of suggestions from their observation of physical nature. And yet these concepts work, describing and even predicting physical realities. The use of complex numbers becomes almost a necessity in the formulation of the laws of quantum mechanics. Max Born, Hilbert’s pupil, realized that certain rules of calculus with no commutative properties that had been formulated by Werner K. Heisenberg actually already existed: they were formally identical to the rules of matrix calculus, which had been defined in the nineteenth century by mathematician and lawyer Arthur Cayley, when the blackbody spectrum failure and quantum mechanics were yet to even be considered by physicists. Physical quantities in quantum mechanics, however, are represented precisely by matrices.

The success of a physical theory is an irresponsible and hazardous yet effective act. Wigner refers to this magical concordance as “the Empirical Law of Epistemology,” or “the happy dogma of the theoretical physicist.” It is not a necessity of thought but rather a fact, a wonderful and astounding gift of the human mind that we do not understand and do not merit, and that does not save us from uncertainty. Indeed, the creativity of mathematics is such that even false theories work for a time—such as those based on ether and phlogiston—when they are formulated with the appropriate approximations. And who knows, maybe at some point in the future, a more complete theory will come along that goes beyond our current means of investigation, so highlighting the partiality of our explanations of reality. This is the theoretical physicist’s nightmare.

Another example of the illogical efficiency of mathematics is Évariste Galois’s group theory in 1832, with all of its permutations, isomorphisms, and symmetries. The theory was formulated to study the conditions for the solvability of algebraic equations, which then was used to organize the elements of the periodic table, explain their predictive capacities, order the atomic nuclei, and actually classify the particles of the universe. In essence, the theory is a catalog of the universe.

These are instances of a vertiginous and fascinating serendipity, and an extension of Yaqub’s fourth type. This is clearly evident when we consider the history of non-Euclidean geometries. In 1854, Bernhard Riemann wanted to liberate geometry from the constraints of ordinary space. He wanted to add dimensions and construct geometries that disobeyed Euclid’s fifth postulate, which, independent of the first four, says that through a point not on a given line, there is only one line parallel to the given line. By ignoring this postulate, it was possible to construct an alternative that remained geometrically coherent. It was all just a game.

Giovanni Girolamo Saccheri, a Jesuit, had already realized this some time earlier, but was somewhat perplexed and discarded the concept. Then came Ferdinand Karl Schweikart, who imagined a geometry whereby the sum of the internal angles of a triangle was not 180 degrees. As did, in the 1920s and 1930s, Carl Friedrich Gauss, Nikolai I. Lobačevskij, and János Bolyai, who all imagined pseudospheres and geometries of curved two-dimensional surfaces, where a straight line became a geodesic. No parallel passes through a point outside the geodesic. Up to this point, we are still within a world of speculative and reckless ideas.

Time went by, and in 1908, Hermann Minkowski, Einstein’s former professor at the Zurich Polytechnic, inspired by special relativity, came up with the idea that time should be considered a fourth geometric dimension, like the three dimensions of space (apart from the minus sign of the square of time). He constructed a metric, with formulas able to calculate the distance between two points, which in space-time are considered events. In practice, he imagined a space-time continuum, a four-dimensional space-time, the arena of all natural phenomena, as Jean-Baptiste d’Alembert had already intuitively imagined in the eighteenth century together with Herbert G. Wells later on in 1895.

At first Einstein was skeptical, yet the general relativity of 1915 is the geometry of space-time and the geometric theory of gravitation, although with an innovation: curved space-time was no longer simply the inert stage of events but rather a physical entity in itself. Here is where Riemann’s four-dimensional, spherical non-Euclidean geometry proved useful, like the flask of Bénédictus. The curvature of space studied by Gauss in 1827, which Riemann then extended to N-dimensional spaces, together with Riemann curvature tensors are all geometric quantities that have profound physical significance. The space-time they introduced is none other than the gravitational field. Gravity manifests itself as curvature. Matter and light move along geodesics. Space-time is rippled. There was a wonderful and real physical world outside the window, a world that Riemann had already painted on his canvas.

Bénédictus’s flask that led to shatterproof car windshields and the role of Riemann’s geometry in general relativity are two brilliant examples of scientific bricolage. According to mathematician and philosopher Gian-Carlo Rota (1997, 114), these frequent “coincidences” reveal the very essence of mathematics: “The mystery as well as the glory of mathematics lies not so much in the fact that abstract theories turn out to be useful in solving problems but in the fact that—wonder of wonders—a theory meant for one type of problem is often the only way of solving problems of entirely different kinds, problems for which the theory was not intended.”



EVOLUTIONARY SYNCHRONIZATION OF MIND AND WORLD

Here we will certainly not be able to reveal the reasons behind such a profound, exciting, and wonderful “miracle,” but serendipity can offer some interesting insights. Paul Dirac used the elementary observation that when one extracts the square root of a number, there is a positive and negative result (Gerolamo Cardano had also noted this, but in his time negative numbers were viewed with a certain skepticism), and applied this simple mathematical truth to relativity. He had drawn the serendipitous conclusion that negative energy particles must exist, the antiparticles, and so he came up with the antimatter hypothesis. Shortly afterward, Carl D. Anderson discovered the positron in cosmic rays (it had actually been accidentally observed before, but rejected as a spurious error in another example of reverse serendipity).

Dirac was himself struck by the fact that non-Euclidean geometry and noncommutative algebra, thought of as pure fictions, have been found necessary for describing general facts of the physical world. The English physicist interpreted the unreasonable efficacy of mathematics as evidence that mathematical invention is needed in physics: it is the path to discovery through abstraction and other dodges of reason. It looks like a methodological subversion: physicists do not describe but rather cultivate mathematics free from empirical concerns, constraints, and anxiety regarding possible applications. This means they can let themselves be guided by aesthetic criteria and rigor, so they can formulate interesting mathematical concepts and objects and play around with them. Only later, but not necessarily, will the physical interpretation arrive.

The freedom to cultivate this serendipity, however, rather than a cause, seems to be a prescriptive consequence of the miracle. In fact, both Dirac and Wigner (who, moreover, was his brother-in-law) eventually surrender to the mystery: there is no logical reason that can explain the success of mathematics in physics. But it works. Still, why does it work? It would be presumptuous as well as indemonstrable to state that potentially the whole world is already inside our brains. Even saying that the universe is written in mathematical language, and therefore we must approach it mathematically, risks becoming a tautology. As Popper noted, it would be a bit like asking, “Why is the English language able to describe the world?” and answering, “Because the world is inherently English!”

Or as Russell declared, the question is not that the physical world is based on mathematics but instead the fact that we can only formalize and understand the smallest part of its mathematical characteristics. In essence, we can only see what we are looking for, and our search is carried out using our mental powers. Our lamp is mathematics, and so we look into its cone of light while there is an ocean of the unknown that stretches far into the darkness around us. This is consistent with the idea of our enormous ignorance, but it seems to be contradicted (so far) by the fact that the recklessness of mathematics continues to churn out concepts and landscapes that rarely find any correspondence in reality. Such is the power of our imagination.

Serendipity, which is just as important in evolution as it is in cognition, seems to suggest that this beneficial correspondence between mind and world, this connection between mental entities and natural forms, is not a miraculous gift that we should simply accept but indeed may have a natural origin. After all, our brain is an integral part of the reality that it investigates and has evolved within that reality, adapting to its selective pressures and constraints. It should come as no surprise, then, that its mathematical constructions are (sometimes, although not always) in harmony with reality. If we take a somewhat brutal view of the evolutionary game, we could say that the brains whose constructions (also intuitively numerical, arithmetic, and mathematical) were less in harmony with reality produced fewer descendants.

Nevertheless, biological evolution is also an evolution of knowledge, of conjectures about the world with some working better than others. We have seen that prey and predators continually make abductive and circumstantial assumptions about their surroundings. Here we are not trying to reduce the concept of knowledge to mere biology but rather attempting to consider the interactions between biological and cultural evolution, of which science is a part. After all, even our theories are ways to better adapt to our environment.

Equally plausible is that Homo sapiens, a small twig in the great tree of biodiversity, represents just one of the many ways of being in the world and understanding it. We now know that even symbolic intelligence was not an exclusive prerogative our species but instead had evolved in other recent and then extinct human species. So it is perfectly normal that the reality out there is much bigger than our knowledge. Human brain plasticity, though, has provided us with a remarkably imaginative, abstract, and combinative capacity. So it follows that the instruments that have been developed by our brains through evolution to adapt to this reality are like tentative experiments that can serendipitously shed light on totally unexplored and unimagined parts of the superabundant reality we live in. Perhaps this is why purely arbitrary mathematical games can lead to the mathematical description of unobserved portions of physical reality.

Wigner would probably have disagreed. In an essay, Wigner (2010) writes, “Certainly it is hard to believe that our reasoning power was brought, by Darwin’s process of natural selection, to the perfection which it seems to possess.” But he does not justify his lack of trust. At the time, it was not a subject for discussion; today it is widely assumed that mind and culture have also evolved. Furthermore, we now know that those reasoning abilities are anything but perfect because they are also the result of tinkering and exaptation.

The serendipity of the human mind does not lead to any ontological assumptions about the mathematical nature of the universe, an area where it is preferable to remain agnostic. If we reverse the perspective, however, we assume a naturalistic posture. The human brain has evolved the ability to describe the regularities observed in nature and explain them in terms of causes and mechanisms, sometimes predicting them too. This is our way of seeing things: a contingent and specific evolution like learning English. So mathematics appears to be a merely formal enterprise, but in reality it is a lot more than that: it is the mental language we have developed to arrive at this adaptive result. In this sense, the (no longer?) unreasonable effectiveness of mathematics can be considered a form of evolutionary synchronization between the naturalness of our mind and the rest of nature of which it is a part.

Perhaps Russell is right, but the lamp we use is not self-referential and does not progress randomly. The reason why this lamp works is because it is the product of countless trials and errors in the past along with the many questions our ancestors posed to the cosmos and its regularities. It is also the result of our modifications and imaginations, and increases in rigor. In a nutshell, it is a tested lamp—through evolution. With this lamp, we are able to illuminate portions of the world so we can describe and then explain them. Sometimes what we illuminate can then help us foresee what we will see when moving our lamp elsewhere, and we often get our predictions right. On other occasions, we find what we were looking for, but through unexpected observations. At still other times, our mental constructions simply fail to intercept reality. Or occasionally, we move the lamp and find something we really weren’t actually looking for.

The science of the unexpected ultimately speaks to us about human nature. It tells us about the nature of the human mind, or rather, it talks to us about a part of nature, namely the human mind and how it grapples with the rest of nature that it is an integral part of. Maybe there is some sense in Walpole’s brilliant misunderstanding in 1754. As we search for something with our Homo sapiens lamp, we stumble on the unexpected, illuminating something else, possibly something we did not even realize we didn’t know. And possibly here, in the intricate relationship between the mind and the world, we can find the reasons that can explain the cheerful omnipresence of serendipity.

A final recommendation and hope. Please, do not believe all of those reeled off predictions about what we will have invented in twenty years’ time, what is left to investigate in a given scientific discipline, how close we are getting to the limits of knowledge, and the end of science and discovery. They are disproved time and time again. Caustic biologist John B. S. Haldane (1927, 298–299) said that “the universe is not only queerer than we suppose, but queerer than we can suppose.” If we consider the important role played by serendipity in scientific discoveries, it therefore becomes difficult to predict what future generations will discover and where they will point their more technologically advanced lamps.

Only two generations ago, nobody had predicted much of what we have achieved in the last fifty years. These discoveries range from the web to gene editing. Similarly, our children and grandchildren will make astonishing and baffling discoveries that go well beyond our current imagination, thanks to the serendipity and creativity that come from allowing ourselves to be surprised and knowing how to change our minds. At the end of this serendipitous journey, we can state that if we are able to cultivate serendipity, prepared minds will continue to benefit from fortuitous opportunities and new answers will always generate new questions. So as Heraclitus suggested, if we want to continue the adventure of knowledge, we must expect the unexpected.
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