
Whizzing along a highway in our cars or jetting across the continent, the miles racing by, it's easy to appreciate how these two inventions have changed how we live. So, too, the telephone, the radio and the computer. It is more difficult to measure the impact of the nonmaterial, intellectual revolutions in science over the past several centuries: the heretical insights of Copernicus that shifted the earth from the center of the universe to a mere planet orbiting the sun, Darwin's theory of natural selection, and the subatomic world described by quantum mechanics.

One little-recognized revolution in science and mathematics begun in the 17th century, however, has changed the dynamics of our daily lives even more profoundly. When an eccentric Frenchman by the name of Blaise Pascal noodled around with some simple but startling observations that would eventually become probability theory, it was like letting the proverbial genie out of the bottle. Probability theory and discoveries following it changed the way we regard uncertainty, risk, decision making and a person's ability to influence the course of future events.

By all accounts, Pascal was an odd fellow. He spent much of his short adult life torn between his love of mathematics and science and the world of the ultra-strict Jansenists, a fundamentalist Catholic sect. Perhaps because of this dichotomy, he would work out an ingenious response to one of humanity's great conundrums, the question of the existence of God. By looking at the question obliquely, Pascal came up with a useful nonanswer, known as Pascal's Wager, that would usher in what is now called probability theory. He arrived at his solution via mathematics.

Boyhood illnesses had kept Pascal from school in Paris, but his genius didn't take long to bloom. He mastered Euclid's Elements by the age of 12, and by 14 he was attending weekly meetings of France's renowned mathematicians. At 19, to lighten his tax-collector father's workload, he invented a mechanical calculating machine.

Pascal's insights into probability came about because a man brought him a puzzle. The chevalier de Méré dabbled in mathematics, mostly putting his hunches to work in the gambling parlors of Paris. It was his love of games of chance that prompted him to bring a two-centuries-old brainteaser to Pascal, who in turn conferred with mathematician Pierre de Fermat, he of “last theorem” fame.

The “problem of the points” involves two players who are in the midst of a series of dice games, winner take all. One is winning, but the match is broken off before it's finished. How does one equitably split the prize money? Pascal dismissed the solution calling for an even split of the purse because it did not adequately reward the person who was ahead. Nor would giving all the money to the person ahead adequately acknowledge the possibility that, should the series be completed, the losing player could come from behind and win. Pascal realized that the answer lay in determining each player's odds of winning. Pascal turned to a device already in use, numbers arranged into tables according to the mathematician's purpose. Pascal's arrangement forms a triangle, now named for him. With it one can calculate the odds one has of winning the series at any point during the contest. The beauty of Pascal's achievement lies in its recognition that mathematical principle, not just the bettor's hunch, can be applied to figuring out the odds in a game of chance. Here was the very idea of probability: establishing the numerical odds of a future event with mathematical precision.

The year 1654 proved pivotal for Pascal. Poor health, bouts with depression and a series of disappointments left him increasingly frustrated with secular life. One day, at Nemily, his team of horses bolted while crossing a bridge. The force and suddenness of the movement broke the traces, and the horses plunged over the edge of the bridge. A breathless Pascal sat immobile on his now horseless carriage, which remained atop the bridge. The frail genius attributed his miraculous escape from death to divine intervention and saw it as a sign that he should take up religion. He sold his possessions and, at 31, moved to the monastery at Port-Royal-des-Champs, near Paris, to take up the Jansenist life.

Before he died eight years later, Pascal went on to publish important religious treatises. But what attracts our attention today are two pieces of paper, each covered front and back with handwriting scribbled in all directions. He took the same principles of probable outcomes he had worked out with Fermat for the dice games and applied them to an entirely different matter. He asked “God is, or he is not. Which way should we incline?”

Reason, Pascal thought, could never establish definitively whether God exists. For Pascal, believing in God could have two outcomes, depending on whether God exists. If God doesn't exist, nothing will happen to the believer. If God does exist, the believer will be blessed with eternal salvation. The nonbeliever also faces two possible outcomes. If God doesn't exist, he will suffer no consequences. If God does exist, the nonbeliever will face eternal damnation. The nonbeliever faces either no consequences or hell, the believer looks at no consequences or heaven. Faced with heaven or hell, Pascal reasoned, it makes sense to open oneself to faith.

While later philosophers have criticized the wager for both its premises and its cynicism, Pascal's logic remains solid. It is the basis for decision theory, defined by historian Ian Hacking as the “theory of deciding what to do when it's not certain what will happen”. Pascal’s Wager is the very essence of modern-day risk analysis and management: evaluate the consequences of individual and group actions, measure them, and in turn make better decisions.

Pascal's insights into probability were published by Dutch physicist and mathematician Christiaan Huygens in a treatise on gambling, De Ratiociniis in Ludo Aleae (On Computations in the Game of Dice), in 1657. “You will find here,” wrote John Arbuthnot in the preface to his English translation, “a very plain and easie Method of the Calculation of the Hazards of Game … There is nothing required for the comprehending the whole, but common Sense and practical Arithmetick”. Arbuthnot notes, “The Reader may here observe the Force of Numbers, which can be successfully applied, even to those things, which one would imagine are subject to no Rules. There are very few things which we know which are not capable of being reduc'd to a Mathematical Reasoning, and when they cannot, it's a sign our Knowledg of them is very small and confused …”

The ability to describe the probability of some future event with numbers — a percentage, for instance, as in “a 40 percent chance of rain” — made it possible to compare the severity or frequency of one risk with another with accuracy. If the expression of risk could be defined in the universal language of numbers, then a person could compare the annual chances in the United States of being killed by shark attack (1 in 2,720,000) versus the odds of being struck by lightning (1 in 5,787,000). In fact, just about any potential risk could be compared with another if enough data was available. One of the first proponents of such comparisons, known as relative risk, was an English haberdasher named John Graunt. He understood the importance of gathering data to divine patterns in the past that might shed light on future events. In the early 17th century, demographic data became the subject of great interest. As early as 1532, the London Privy Council had asked the mayor to supply a tally of plague deaths. In 1603, the disease made a devastating reemergence in Europe. By the end of the 17th century, a “Bill of Mortality” was appearing weekly, listing the causes of death.

The Bills of Mortality that survive tell us something about those whom the grim reaper took away. The bill summing up deaths for the year 1665, for example, includes 65 categories, among them “Frighted [frightened to death]”—23, “Found dead in streets, fields, and &c”—20, “Childbed”—625, “Collick and Winde”—134, “Stopping of the Stomack”—332, “Grief”—46, “Aged”—1,545. But plague dwarfs all other entries, with 68,596. Graunt perceived greater value in these numbers than merely an indication of the virulence of the plague at any one time. He gathered the death tables between 1604 and 1661 and analyzed them, publishing his results in Natural and Political Observations made upon the Bills of Mortality.

Graunt found that most people worry about dying from causes that actually are not very likely to kill them. “Whereas many persons live in great fear and apprehension of some of the more notorious diseases following, I shall only set down how many died of each that the respective numbers, being compared with the total 229,250 [deaths over 20 years], those persons may the better understand the hazard they are in.

Perhaps most remarkably, Graunt conjectured about the cause of the plague itself. At that time nobody had a clue. The exact cause, a bacterium traveling to humans via fleas carried by rats, would not be discovered until 1894. In Graunt's day, “miasmas,” or heavy vapors, and personal contact were at the top of the list of suspects. Graunt noted that the number of plague deaths seesawed abruptly from one week to another. On the basis of this pattern, he surmised that the “contagion of the plagues depends more upon the disposition of the air than upon the effluvia from the bodies of men.” He was wrong about the cause, but right that human contact was not the cause. In the same way that Pascal didn't need to know whether God existed to think about the consequences of believing or not, Graunt didn't need to know about what caused the plague to make inferences about the nature of the transmission — in this case, the fact that plague was generally not transmitted from person to person like smallpox.

Graunt showed that data, through statistical inference, could point toward causality. He showed that one could crunch data from the past and use it as a torch to peer into the future. Eventually, Graunt's work evolved into the science of epidemiology, in which studies of patterns of sickness reveal links between sickness and certain activities, diets and lifestyles well before science understands the mechanisms of transmission.

Mathematicians after Graunt became fascinated not only with what averages might reveal but with what nonaverage pieces of information could tell them. In other words, if the average American male age of mortality is 73, how normal or abnormal is it if a man dies at 75 or 70? A French Huguenot refugee to England named Abraham de Moivre (1667-1754) became intrigued with the well-known observation that a range of variations exists in almost any set of similar phenomena or populations. Take the height of all Americans, for instance, or the loudness of warblers' songs or the circumference of mature pine trees. Differences naturally occur in each grouping. Some Americans are quite short, others are tall, but most are of near-average height. De Moivre discovered that on a graph the distribution of these variations often follows a particular curve, which looks something like the shape of a bell. Regardless of the grouping — Americans' height, birdsong, tree circumference — the array of variations usually takes the same shape. His discovery would become known as the normal distribution or, more popularly, the bell curve.

If enough samples are taken, the normal distribution describes many naturally occurring populations in nature. De Moivre mathematically described the essence of this curve, so that the units of measurement (height in inches, chirps, or whatever) did not matter. His work hit right at the heart of sampling, the idea of determining patterns in a large population by examining only a few individuals. Using calculations based on de Moivre's, scientists can determine whether a sample number of observations are representative of the larger population by the way they array themselves over the normal distribution. By sampling a small group and statistically examining the variation, scientists can make a good guess about what the entire population looks like. That's why network television consultants can take exit polls and come up with an assessment of how the voting is going long before all the votes are tallied. On the flip side, understanding the extent of natural variations within a group enables an investigator to make predictions about the future. An insurance company, for instance, can look back over several years of data on the number of residential fires, do some statistical work and predict within a range the number of fires that will occur next year. If the actual number of fires turns out to be much higher than expected, then there may he extenuating circumstances to examine; an arsonist or a new brand of faulty space heaters, for instance.

In the late 19th century, an English genius named Francis Galton would give us further insights on the normal distribution, fine-tuning our ability to forecast the future — and risk — with a greater degree of accuracy than ever before. Galton worked in a variety of fields, but his real contribution came in statistics. His biographer and a noted mathematician in his own right, Karl Pearson, wrote that Galton “modified our philosophy of science and even of life itself”. For many, Galton’s legacy is darker. He is also the creator of the science of eugenics, the idea of manipulating human populations to bring out the so-called best traits and thus direct the course of human evolution.
Born in 1822, Galton inherited a comfortable living from his father and never had to work, leaving him ample time to satisfy his insatiable curiosity. He would perform pioneering work in fingerprinting and describe anticyclones, the pattern of winds around a barometric high, for the first time. This curiosity took a peculiar form; he liked to measure everything he came across. For example, at a health fair in 1884, he invited visitors into a booth and, with two assistants, measured their weight, standing and sitting height, arm span, breathing capacity, strength of pull and of squeeze, force of blow (three visitors sprained their wrists), reaction time, sight and hearing, color discrimination and judgments of length.

He dovetailed his urge to measure things with an interest in evolution. Galton had become fascinated with the work of his first cousin, Charles Darwin, who had recently published On the Origin of Species and introduced the world to the revolutionary idea of natural selection. Galton became curious about the passage of traits from one generation to another. After a discussion with Darwin, Galton set up an experiment. He convinced nine friends, scattered across England, to help him by planting sweet pea seeds in their household gardens. Along with the eight others, Charles Darwin did his share, planting 70 seeds, each carefully presorted by weight and diameter. The participants received exact instructions for planting, upkeep and harvesting.

After the harvest, Galton weighed and measured the seeds of the offspring. When he compared the size and weight of the parents and offspring, he found a curious thing. The seeds of the offspring were less extreme in size than their parents. Instead of creating even larger seeds, the largest parental seeds produced offspring most often smaller than themselves. The smallest parental seeds, conversely, produced seeds that tended to be larger than themselves.

Galton pondered the meaning of this information, searching for a pattern. He surmised that the ancestry of an organism — the long line of individuals going way back in time — exerts a profound pull on the offspring. He called this idea the law of reversion to the mean, which later became known as regression to the mean. He wrote “The law is even-handed; it levies the same heavy successional-tax on the transmission of badness as well as of goodness. If it discourages the extravagant expectations of gifted parents that their children will inherit all their powers, it no less discountenances extravagant fears that they will inherit all their weaknesses and diseases”.

Of course, Galton wasn't taking into account what we now know are random genetic mutations and other variations that occur in human populations. There are plenty of individual cases that seem to defy Galton's assertions. Genetic anomalies or the phenomenon of assortative mating can account for variations in human populations. The latter simply means that like people are attracted to like people. For instance, I'm 6 feet 3 inches and my wife is also tall (she's 5-foot-9). We bring unusually tall genes to our children, so our children probably will grow to be tall as well. Galton discovered however, that children of tall people probably won't be as tall as their parents. His findings lead to further understanding of why successive generations of people don't magnify their parents' traits until there is eventually no middle but only extremes — basketball players and jockeys.

Galton's discovery of regression to the mean led him to another ground-breaking finding, a concept that has become a foundation of modern risk analysis. Galton's brainchild was the idea of correlation, that events or conditions can be tied to each other through connections far more subtle and indirect than straight causation.

The most direct relationship between two events is causation. Causation is simple enough; swiftly swing your foot at a soccer ball, and the ball will move. Correlation describes less clearly defined relationships and associations. Take cold weather and snow, for instance. A causal relationship between the two would suggest that cold weather causes snow. Obviously, however, snow doesn't always fall when the weather becomes cold. Snowfall occurs when a front brings moisture into an environment where the conditions are right. Those conditions include its being cold. Or as we say today, cold is necessary but not sufficient. While a causal relationship doesn't exist between cold weather and snow, some kind of relationship does exist, one we call a correlation.

In many instances, intuition provides a good sense of the difference between causation and correlation. As with the others before him, Galton managed to push beyond intuition. In an 1888 paper, he used the example of the length of a man's arm and leg. Things are said to be correlated, he wrote, “when the variation of the one is accompanied on the average by more or less variation of the other. General observation of the human form reveals that a man's length of arm and leg are correlated because a person with a long arm usually has a long leg as well. But, he asked, how close is that correlation? “If the Co-relation be close, then a person with a very long arm would usually have a very long leg, if it be moderately close, then the length of his leg would usually be only long, not very long, and if there were no co-relation at all then the length of his leg would on the average be mediocre.” Galton argued that a strong correlation — very long arm usually associated with very long leg — suggests the variations in these two features share a common cause. No correlation at all would suggest no common connection. In between absolute correlation and none at all lies a wide-ranging degree of strong and weak connections. Galton realized that a single number, called the correlation coefficient, could quantify the strength of the correlation between any two variables. It came to him all at once, while he was taking a walk:

“A temporary shower,” he wrote, “drove me to seek refuge in a reddish recess in the rock by the side of the pathway. There the idea flashed across me, and I forgot everything for a moment in my great delight”. Galton realized he could describe with numbers the amount of variability found in any event or condition.

Where the amounts or degrees of variability of any two things are similar, we say there is correlation. The closer the similarity, the closer the correlation. Galton's insight opened up the way for science to examine the possible connections between all sorts of different things, even if the causal relations were not already apparent.

Today, it's common practice to distinguish between health risks and so-called risk factors. A physician might explain that a diet high in fat increases the risk for heart disease. This is cause and effect; a high-fat diet may lead to arteriosclerosis and blockage of the blood pumping through blood vessels. A high-fat diet is a health risk. Obesity and high blood pressure, however, are risk factors for heart disease. No one yet can prove that these conditions directly cause heart problems. Research shows strong correlations — obese people as well as people with hypertension die more frequently of heart attacks than people who are not overweight and have normal blood pressure. By treating one of these risk factors, an individual can lower his or her risk for heart disease.

The discoveries of Pascal, de Moivre, Graunt, Galton and others in probability and statistics blossomed into thousands of different applications. As economist Peter Bernstein has noted, the breakthroughs in probability theory provided structure to look at the world with fresh eyes. In Against the Gods, he wrote “without that structure, we would have no systematic method for deciding whether or not to take a certain risk or for evaluating the risks we face. We would have no way of estimating the probability that an event will occur — rain, the death of a man at 85, a 20% decline in the stock market, a Democratic Congress, the failure of seatbelts or the discovery of an oil well by a wildcatting firm.” Pascal's theory of probability enriched a civilization exploding with new information about the way the world worked. During the Renaissance, revolutions in science, religion and political theory, and the emergence of democratic institutions, freed the individual to think about himself as a free-acting entity, capable of exercising control over his future. Science began to reveal that events and conditions once attributed to the gods or magic were caused in fact by tangible natural forces and substances, or by chance, in a quantifiable way. Probability, it now appeared, was woven into the fabric of the universe. Freed from the yoke of a deterministic worldview, humans could take bold steps to vanquish hazards that had long plagued them. With these new perspectives and a growing arsenal of tools, human beings took great strides toward controlling and manipulating the future in the form of risk-management strategies. By better understanding the likelihood of an event's future occurrence, scientists began to examine the shape of the future itself; the closest thing to looking into a crystal ball that mankind is ever likely to have.

All the intellectual tools of probability theory lead us to one deceptively simple but quite profound revelation: any activity, product, food or event involves risk on some level or another. Every move we make can be calculated and reduced to the risks it poses to us, from the yearly chances of inhaling a toothpick after dinner (1 in 200,000,000) to the chances that in a 65-year lifetime, a person will be killed by an asteroid's hitting the earth (1 in 20,000). Every decision we make holds consequences: cross at the light or not, eat a healthy lunch or not, invest in the stock market or not. Pascal’s revolutionary work gave us the possibility of seeing the world in terms of the rich range of consequences — and gave us the tools with which to evaluate them.

The following appeared in Smithsonian in 1999:





Discovering the Odds


�Over the Centuries, Visionary Mathematicians Laid the Foundation for How We View Life’s Gambles
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