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PART I




DARE TO KNOW


. . . in this world there is nothing certain but death and taxes.

Benjamin Franklin
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UNCERTAINTY

Susan’s Nightmare

During a routine medical visit at a Virginia hospital in the mid-1990s, Susan, a 26-year-old single mother, was screened for HIV. She used illicit drugs, but not intravenously, and she did not consider herself at risk of having the virus. But a few weeks later the test came back positive—which at the time amounted to a terminal diagnosis. The news left Susan shocked and distraught. Word of her diagnosis spread, her colleagues refused to touch her phone for fear of contagion, and Susan eventually lost her job. Finally, she moved into a halfway house for HIV-infected patients. While there, she had unprotected sex with another resident, thinking, “Why take precautions if the virus is already inside of you?” Out of concern for her 7-year-old son’s health, Susan decided to stop kissing him and began to worry about handling his food. The physical distance she kept from him, intended to be protective, caused her intense emotional suffering. Months later, she developed bronchitis, and the physician who treated her for it asked her to have her blood retested for HIV. “What’s the point?” she thought.

The test came back negative. Susan’s original blood sample was then retested and also showed a negative result. What had happened? At the time the data were entered into a computer in the Virginia hospital, Susan’s original blood test result seems to have been inadvertently exchanged with those of a patient who was HIV positive. The error not only gave Susan false despair, but it gave the other patient false hope.

The fact that an HIV test could give a false positive result was news to Susan. At no point did a health care provider inform her that laboratories, which run two tests for HIV (the ELISA and Western blot) on each blood sample, occasionally make mistakes. Instead, she was told repeatedly that HIV test results are absolutely conclusive—or rather, that although one test might give false positives, if her other, “confirmatory” test on her initial blood sample also came out positive, the diagnosis was absolutely certain.

By the end of her ordeal, Susan had lived for 9 months in the grip of a terminal diagnosis for no reason except that her medical counselors believed wrongly that HIV tests are infallible. She eventually filed suit against her doctors for making her suffer from the illusion of certainty. The result was a generous settlement, with which she bought a house. She also stopped taking drugs and experienced a religious conversion. The nightmare had changed her life.

Prozac’s Side Effects

A psychiatrist friend of mine prescribes Prozac to his depressive patients. Like many drugs, Prozac has side effects. My friend used to inform each patient that he or she had a 30 to 50 percent chance of developing a sexual problem, such as impotence or loss of sexual interest, from taking the medication. Hearing this, many of his patients became concerned and anxious. But they did not ask further questions, which had always surprised him. After learning about the ideas presented in this book, he changed his method of communicating risks. He now tells patients that out of every ten people to whom he prescribes Prozac, three to five experience a sexual problem. Mathematically, these numbers are the same as the percentages he used before. Psychologically, however, they made a difference. Patients who were informed about the risk of side effects in terms of frequencies rather than percentages were less anxious about taking Prozac—and they asked questions such as what to do if they were among the three to five people. Only then did the psychiatrist realize that he had never checked how his patients understood what “a 30 to 50 percent chance of developing a sexual problem” meant. It turned out that many of them had thought that something would go awry in 30 to 50 percent of their sexual encounters. For years, my friend had simply not noticed that what he intended to say was not what his patients heard.

The First Mammogram

When women turn 40, their gynecologists typically remind them that it is time to undergo biennial mammography screening. Think of a family friend of yours who has no symptoms or family history of breast cancer. On her physician’s advice, she has her first mammogram. It is positive. You are now talking to your friend, who is in tears and wondering what a positive result means. Is it absolutely certain that she has breast cancer, or is the chance 99 percent, 95 percent, 90 percent, 50 percent, or something else?

I will give you the information relevant to answering this question, and I will do it in two different ways. First I will present the information in probabilities, as is usual in medical texts.1 Don’t worry if you’re confused; many, if not most, people are. That’s the point of the demonstration. Then I will give you the same information in a form that turns your confusion into insight. Ready?

The probability that a woman of age 40 has breast cancer is about 1 percent. If she has breast cancer, the probability that she tests positive on a screening mammogram is 90 percent. If she does not have breast cancer, the probability that she nevertheless tests positive is 9 percent. What are the chances that a woman who tests positive actually has breast cancer?

Most likely, the way to an answer seems foggy to you. Just let the fog sit there for a moment and feel the confusion. Many people in your situation think that the probability of your friend’s having breast cancer, given that she has a positive mammogram, is about 90 percent. But they are not sure; they don’t really understand what to do with the percentages. Now I will give you the same information again, this time not in probabilities but in what I call natural frequencies:

Think of 100 women. One has breast cancer, and she will probably test positive. Of the 99 who do not have breast cancer, 9 will also test positive. Thus, a total of 10 women will test positive. How many of those who test positive actually have breast cancer?

Now it is easy to see that only 1 woman out of 10 who test positive actually has breast cancer. This is a chance of 10 percent, not 90 percent. The fog in your mind should have lifted by now. A positive mammogram is not good news. But given the relevant information in natural frequencies, one can see that the majority of women who test positive in screening do not really have breast cancer.

DNA Tests

Imagine you have been accused of committing a murder and are standing before the court. There is only one piece of evidence against you, but it is a potentially damning one: Your DNA matches a trace found on the victim. What does this match imply? The court calls an expert witness who gives this testimony:

“The probability that this match has occurred by chance is 1 in 100,000.”

You can already see yourself behind bars. However, imagine that the expert had phrased the same information differently:

“Out of every 100,000 people, 1 will show a match.”

Now this makes us ask, how many people are there who could have committed this murder? If you live in a city with 1 million adult inhabitants, then there should be 10 inhabitants whose DNA would match the sample on the victim. On its own, this fact seems very unlikely to land you behind bars.

Technology Needs Psychology

Susan’s ordeal illustrates the illusion of certainty; the Prozac and DNA stories are about risk communication; and the mammogram scenario is about drawing conclusions from numbers. This book presents tools to help people to deal with these kinds of situations, that is, to understand and communicate uncertainties.

One simple tool is what I call “Franklin’s law”: Nothing is certain but death and taxes.2 If Susan (or her doctors) had learned this law in school, she might have asked immediately for a second HIV test on a different blood sample, which most likely would have spared her the nightmare of living with a diagnosis of HIV. However, this is not to say that the results of a second test would have been absolutely certain either. Because the error was due to the accidental confusion of two test results, a second test would most likely have revealed it, as later happened. If the error, instead, had been due to antibodies that mimic HIV antibodies in her blood, then the second test might have confirmed the first one. But whatever the risk of error, it was her doctor’s responsibility to inform her that the test results were uncertain. Sadly, Susan’s case is not an exception. In this book, we will meet medical experts, legal experts, and other professionals who continue to tell the lay public that DNA fingerprinting, HIV tests, and other modern technologies are foolproof—period.

Franklin’s law helps us to overcome the illusion of certainty by making us aware that we live in a twilight of uncertainty, but it does not tell us how to go one step further and deal with risk. Such a step is illustrated, however, in the Prozac story, where a mind tool is suggested that can help people understand risks: When thinking and talking about risks, use frequencies rather than probabilities. Frequencies can facilitate risk communication for several reasons, as we will see. The psychiatrist’s statement “You have a 30 to 50 percent chance of developing a sexual problem” left the reference class unclear: Does the percentage refer to a class of people such as patients who take Prozac, to a class of events such as a given person’s sexual encounters, or to some other class? To the psychiatrist it was clear that the statement referred to his patients who take Prozac, whereas his patients thought that the statement referred to their own sexual encounters. Each person chose a reference class based on his or her own perspective. Frequencies, such as “3 out of 10 patients,” in contrast, make the reference class clear, reducing the possibility of miscommunication.

My agenda is to present mind tools that can help my fellow human beings to improve their understanding of the myriad uncertainties in our modern technological world. The best technology is of little value if people do not comprehend it.


Dare to know!

Kant
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THE ILLUSION OF CERTAINTY

The creation of certainty seems to be a fundamental tendency of human minds.1 The perception of simple visual objects reflects this tendency. At an unconscious level, our perceptual systems automatically transform uncertainty into certainty, as depth ambiguities and depth illusions illustrate. The Necker cube, shown in Figure 2-1, has ambiguous depth because its two-dimensional lines do not indicate which face is in front and which is in back. When you look at it, however, you do not see an ambiguous figure; you see it one way or the other. After a few seconds of fixating on the cube, however, you experience a gestalt switch—that is, you see the other cube instead, but again unambiguously.





[image: Image]


FIGURE 2-1. The Necker cube. If you fixate on the drawing, your perceptual impression shifts between two different cubes—one projecting into and the other out of the page.
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FIGURE 2-2. Turning the tables. These two tables are of identical size and shape. This illusion was designed by Roger Shepard (1990). (Reproduced with permission of W. H. Freeman and Company.)




Roger Shepard’s “Turning the Tables,” a depth illusion shown in Figure 2-2, illustrates how our perceptual system constructs a single, certain impression from uncertain cues. You probably see the table on the left as having a more elongated shape than the one on the right. The two surfaces, however, have exactly the same shape and area, which you can verify by tracing the outlines on a piece of paper. I once showed this illustration in a presentation during which I hoped to make an audience of physicians question their sense of certainty (“often wrong but never in doubt”). One physician simply did not believe that the areas were the same shape. I asked him how much he wanted to bet, and he offered me $250. By the end of my talk, he had disappeared.

What is going on in our minds? Unconsciously, the human perceptual system constructs representations of three-dimensional objects from incomplete information, in this case from a two-dimensional drawing. Consider the longer sides of each of the two tables. Their projections on the retina have the same length. But the perspective cues in the drawings indicate that the longer side of the left-hand table extends into depth, whereas that of the right-hand table does not (and vice versa for their shorter sides). Our perceptual systems assume that a line of a given length on the retina that extends into depth is actually longer than one that does not and corrects for that. This correction makes the left-hand table surface appear longer and narrower.

Note that the perceptual system does not fall prey to illusory certainty— our conscious experience does. The perceptual system analyzes incomplete and ambiguous information and “sells” its best guess to conscious experience as a definite product. Inferences about depth, orientation, and length are provided automatically by underlying neural machinery, which means that any understanding we gain about the nature of the illusion is virtually powerless to overcome the illusion itself. Look back at the two tables; they will still appear to be different shapes. Even if one understands what is happening, the unconscious continues to deliver the same perception to the conscious mind. The great nineteenth-century scientist Hermann von Helmholtz coined the term “unconscious inference” to refer to the inferential nature of perception.2 The illusion of certainty is already manifest in our most elementary perceptual experiences of size and shape. Direct perceptual experience, however, is not the only kind of belief where certainty is manufactured.

Technology and Certainty

Fingerprinting has enjoyed an impeccable reputation. The fingerprints themselves are unique features of an individual and persist unchanged from early youth into advanced age. Even identical twins have different fingerprints despite having the same genes. If the fingerprints of a suspect matched those found at the scene of the crime, what jury would acquit the suspect? Fingerprint evidence seems absolutely certain—the great exception to Franklin’s law, it would seem.

The use of fingerprinting acquired a scientific basis through the work of Sir Francis Galton, a nineteenth-century English gentleman scientist and Charles Darwin’s first cousin. Galton looked at the arches, whorls, and loops of which fingerprints consist and estimated the chance that two fingerprints would match randomly as 1 in 64 billion.3 Galton did not look at the whole fingerprint, but at points (“points of similarity”) where the ridges in the fingerprint either end or split. His estimate was based on using every point, and there are typically 35 to 50 such points in a fingerprint. However, current practice has been to declare a match between the fingerprints of a suspect and those found at a crime scene when 8 to 16 of these points match. (This practice varies widely.) But in England an alternative technique is being implemented that relies on an examiner’s overall impression of a match, not on counting the matches between points. This alternative makes the determination of a match a subjective judgment. The validity of neither of the two techniques—determining points of similarity and overall impression—however, has been scientifically investigated. Fingerprint experts have few statistics on which they can base their conclusions.

When actual fingerprints are found at a crime scene, two complicating factors enter: fingerprints are typically incomplete, and they are “latent.” With incomplete fingerprints, one cannot compare whole prints, only fragments. Galton’s statistical analysis and its modern equivalents do not help much in this case. The second complication is that most fingerprints found at the scene are latent; that is, they require treatment with chemicals or illumination with ultraviolet light to make them visible enough to work with. How reliable is it to compare such filtered evidence with the suspect’s clean fingerprints taken under controlled conditions? Given these uncertainties and differences in procedure, how certain is fingerprint evidence? The answer is that we do not know; there seem to be no reliable scientific studies.

Recently, however, the Federal Bureau of Investigation performed a test of the reliability of fingerprint evidence that had never been done before. In 1998, Byron Mitchell appealed his conviction for having driven the getaway car in a robbery in Pennsylvania in 1991. The conviction was based on two latent fingerprints, one found on the steering wheel and the other on the gearshift of the car. The FBI decided to test the reliability of the reported match and sent the latent fingerprints along with Mr. Mitchell’s inked prints to the laboratories of 53 various state law enforcement agencies. From the 35 laboratories that responded, 8 failed to find a match for one of the prints, and 6 failed to find a match for the other, making the average failure rate one in five tests. This troublesome result casts considerable doubt on the reliability of fingerprinting. America’s National Institute of Justice has finally provided funding to study how good fingerprinting actually is.4

Fingerprint evidence has been accepted as certain for more than a century, following Galton’s estimate. This calculation was made for ideal conditions, which are not found in the real world of incomplete and latent prints. When DNA fingerprinting was introduced into the courts, almost a hundred years after Galton’s seminal work, the public and many experts projected the illusion of certainty onto this new technology. As we see in Chapter 10, DNA fingerprinting has also been declared “failsafe.” The fiction that fingerprinting, DNA fingerprinting, HIV tests, or other excellent new technologies are absolutely foolproof is like a dream that comes back night after night, fulfilling a deep unconscious wish.

Authority and Certainty

When I was a child, I was told on good authority never to drink water after eating cherries, or I would get very sick and might even die. It never occurred to me to doubt this warning. One day I shared an ample serving of cherries with an English friend who had never heard of this danger. To my horror, I saw him reach for a glass of water after eating some of the cherries. I tried to stop him, but without success; he just laughed. He took a sip, and nothing happened. Not only did he not die; he did not even get sick. That experience cured me.5 My belief about cherries was groundless, as many convictions about food and dieting are. However, this is not always the case. The general disposition to uncritically accept such a belief is not unfounded when beliefs involve food, health, or other things that directly concern survival. Here, illusory certainty seems to be an adaptive response that for ages has protected humans, especially children, from trying to learn first-hand about possible dangers, such as which kinds of food are poisonous and which are not. Similarly, young children are prepared to believe in values, rules, and stories without question, which facilitates their integration into their social group and culture. Social conventions— whether learned from one’s family or one’s wider culture—are, like elementary perception, a source of the illusion of certainty.

Illusory certainty is part of our perceptual, emotional, and cultural inheritance. It can provide us with images of our environment that are useful, although not always correct, as well as with feelings of comfort and safety. The esoterica sections in today’s bookstores attest to the idea that many people crave fast faith. Throughout history, humans have created belief systems that promise certainty, such as religion, astrology, and divination, systems in which people—particularly those experiencing terrible suffering—can find comfort. Certainty has become a consumer product. It is marketed the world over—by insurance companies, investment advisers, election campaigns, and the medical industry. In seventeenth-century Europe, buying life insurance meant making a bet on the duration of a prominent person’s life, such as whether the mayor of Paris would die within three years. If he died within the period on which you had wagered, you made a small fortune. Nowadays, insurance agencies have persuaded us that life insurance is about safety and certainty and that it is morally responsible to bet against our own lives for the sake of our survivors’ economic security.6 Political parties likewise fuel the desire for security. Before Germany’s national elections of 1998, streets all over the country were plastered with Christian Democratic campaign posters that read: “CERTAINTY, NOT RISK.” This promise was not unique to the platform of Chancellor Helmut Kohl and his party; other parties in the elections also advertised certainty.

The illusion of certainty can be created and exploited as a tool for political and economic goals. In recent years, for instance, when mad cow disease (bovine spongiform encephalopathy, or BSE) raged in Great Britain, Ireland, Portugal, France, and Switzerland, the German government declared its country BSE-free. “German beef is safe”—this phrase was repeated again and again by the president of the Farmers’ Association, the minister of agriculture, and a choir of other government officials.7 The German people liked to hear this message. English beef had been banned, and customers were advised to ask their butcher for beef bred in Germany. In other countries, so they were told, there was a marked lack of care and control.

When, in the year 2000, the Germans finally began to actually perform a substantial number of tests on their own herds for BSE, the disease was found, and the public was caught totally by surprise. Ministers were forced to resign, beef prices toppled, and other countries banned German beef. The government finally admitted that it had clung too long to the illusion that German cattle were entirely free of the disease.

However, the game of promising certainty did not stop; only the players changed. Supermarkets and butchers now put up signs and set out pamphlets reassuring their customers: “Our beef is guaranteed BSE-free.” Some explained that this was because their cows had, luckily, grazed on ecological meadows, and others that their cows had actually been tested—none mentioned that these tests contain a large number of errors. When the newspapers finally reported the case of a cow that tested negative despite, indeed, having BSE, the public was again given a shock. Yet another illusion of certainty disappeared. Reassurance rather than information concerning BSE was the primary goal of both the government and the butchers and supermarkets.

Political and marketing campaigns show that illusory certainty does not begin or end with the individual mind. Many parties may be involved in the creation and selling of certainty, such as members of a profession who publicly deny the possibility that their products could be flawed, and clients who want to hear and trust this message and surrender to social authority. The illusion is also not intended for or created in all minds; it may be conjured up for specific audiences. For instance, the Yale Law School professor Dr. Jay Katz recounted a discussion he had had with a surgeon friend about the uncertainties that plague breast cancer treatment, during which they had agreed that nobody knows what the single best treatment is.8 When Katz asked his friend how he advised his patients, the surgeon recounted telling his most recent patient with breast cancer that the single best treatment is radical surgery and impressing upon her the need to have the operation. Katz challenged his friend about this inconsistency: How could he suddenly be so sure what the best course of action was? Although he admitted that he hardly knew the patient, the surgeon insisted that his patients—this woman included—would neither comprehend nor tolerate knowledge of the uncertainties inherent in choosing treatment. In his view, patients want the illusion of certainty, and this patient got it.

In what follows, I invite you to have a closer look at the tangled web of motives from which the illusion of certainty is fabricated. We will take a look at the physician-patient relationship from the inside, from the point of view of physicians who discuss the pros and cons of the illusion of certainty.

Physicians on Certainty and Responsibility

In 2000, 1 attended a meeting of 60 physicians, including representatives of physicians’ organizations and health insurance companies. All of them were interested in evidence-based medicine, in which physician and patient base medical decisions on the available evidence rather than on mere conviction, preference, or habit. These people came from several countries in Europe and the United States to a scenic vacation spot to spend two days together. The topic of the meeting was how to improve risk communication, physician-patient interaction, and public knowledge about medical screening. The atmosphere was casual. The organizer’s warm personality and the beautiful setting helped us to develop a sense of trust and a common agenda. On the second day, an intense discussion took place on physicians’ responsibility and patients’ illusory certainty. Here is an exchange from the middle of this discussion:9

Dr. A: We doctors are the victims of the images we have of our patients: we think the patient is not capable of informing himself.

Representative of the World Health Organization (WHO): In the U.S., the average physician-patient contact is five minutes. Most of the information is presented in a vocabulary that is unintelligible to the patient. Patients tend to develop views of “fate” or “Inshallah” rather than learning to practice informed consent. All is God’s will, or the physician’s; why should they worry? The Institute of Medicine estimated that some 44,000 to 98,000 patients are killed every year in U.S. hospitals by preventable medical errors and misadventures. It’s as if one lived in a culture where death is a desirable transition from one life to a better one.

Dr. B: Isn’t that a bit much? That’s saying more people die from hospital accidents than from motor vehicle accidents, or from AIDS.

WHO: It’s based on the records of hospitals in New York, Colorado, and Utah. These errors were preventable, such as when a physician prescribed an antibiotic to a patient with a history of documented allergic reactions without consulting the medical records. The general problem in medicine is that, unlike in aviation, there is no system for reporting errors without punishing the individual doctor. Pilots anonymously report “near misses” to a central database so that other pilots can learn from them and improve air transport safety. Aviation has focused on building safe systems since World War II, and U.S. airline fatalities have decreased ever since. In 1998, there were no deaths in the United States in commercial aviation. Health care has no such system.

Dr. A: Women go to screening to be sure that they do not have cancer. But mammograms don’t deliver certainty; they miss some 10 percent of cancers. And screening has both possible benefits and harms, of which most women are not informed. They just don’t know.

Dr. B (after murmuring skeptically): Informed consent—that’s just a politically correct tale. If I were to start explaining to patients the benefits and harms of a potential treatment, they would hardly comprehend it. And if I were, in addition, to tell them what we do not know, they would get very nervous.

Dr. C: I agree. Sixty percent of patients, conservatively estimated, do not have the intellectual capacity to make decisions about treatments themselves.

Breast cancer specialist: Let’s talk about physicians, not patients. The major source of continuing education for physicians is seminars run by pharmaceutical firms. The best hotel in town, opulent dinners, partners invited. When we offer seminars for continuing education, with a more unbiased view of the matter, all my institute can afford is a dull lecture room, and there is no money for drinks or even fast food. We can attract few physicians. Concerning the intellectual capacities of patients, I have decided to discuss with patients the pros and cons of hormone therapy—such as less depression on the one side and higher risk, a factor of 1.4, of breast cancer on the other. The problem is not that women have too low an IQ to make their own decisions. They do make them if you provide the information. My problem is that since my patients have started making their own decisions, my colleagues send me fewer of their patients.

Dr. A: When our organizer gave a talk at our institute, women left, unnerved, in droves. Some went to natural healers, back to the promise of certainty.

Dr. B: But how could I allow a patient to decide for herself? How can one be a responsible physician and still allow the patient to make the decision?

Professor O: Look, I have two sons; both attend school. In that school the rule is if pupils want to go home because they feel sick, they are sent to a school physician. This man routinely X-rays every child; that is, if a boy complains that his hand hurts, his hand is X-rayed; if his chest hurts, his chest is X-rayed. Just to be on the safe side. Typically, the physician concludes that there is no fracture, only serious bruising. Some children just want to cut class so they pretend to be in pain and are X-rayed. I told my boys that they are not allowed to have these X rays, and that they should tell the doctor that their dad is a physician. As a father, I have the responsibility for my children, and I should not delegate this to the next physician.

Dr. B: I think all this talk about informed consent—benefits and costs— misses the point. The meeting between physician and patient is a ritual. False positives have no place in this ritual.

Several physicians (agitated): That’s right, rituals. That’s what it is all about.

President of a medical association: Patients want to be reassured. They want to be relieved of their anxiety, to be in the right hands, even if they do not feel better than before. They want a label for their suffering. A physician who takes anxiety away from the patient is a good doctor. One has to do something; one cannot do nothing; the patient would be disappointed or even angry. Most prescriptions have no proven effect, but when the patient applies the ointment, the doctor, the patient, and the pharmaceutical company are happy.

Radiologist: It is not money that drives physicians—it is salvation. The physician as a hero. Heroism is self-deception and the greatest obstacle towards progress.

President: If the doctor explains to the patient the risk in terms of “number needed to treat,” then the placebo effect is gone. After all, “number needed to treat” means how many people have to suffer treatment so that just one can be saved. A patient visits a doctor to be cured, not to learn how many have to be harmed so that one can be cured.

Dr. C: When it comes to health, rituals are unavoidable. From an economic point of view, screening often does not pay; the tax dollars could be spent on other things that are more beneficial. But for the physician-patient relationship, it pays.

President: The areas where medicine has made real progress quickly disappear from public attention. Everything concentrates on areas and treatments of questionable value. There are too many doctors, too little money, and false incentives—a situation that reminds one of rats crowded together that do strange things. And there is the ideal of infallibility. Patients want to believe in a doctor who never errs, and doctors try to foster this illusion.

WHO: Uncertainty is a threat to practitioners. It’s hard to say “I don’t know.”

This discussion reveals physicians’ complex motives, emotions, and beliefs about the illusion of certainty, the existence of which none of the discussants denied. Different physicians struggle with this conundrum in different ways. Should a physician destroy patients’ illusions and reveal to them the uncertainties involved in a treatment? Should a physician always say “I don’t know” when she or he doesn’t know?

One group of physicians at this meeting was convinced that uncertainties should not be fully disclosed. Some believed that most patients would not understand the uncertainties in the first place, would become more confused upon learning of them, and might even decide to go to another healer, one who offers certainty. Others hinted at pragmatic constraints; it is hard to fully inform patients about risks during an interaction that lasts an average of five minutes. In these physicians’ view, the patient wants to be reassured, not informed; they see this interaction as a ritual for generating the feeling that the patient is being taken care of.

A second group of physicians, in contrast, felt strongly that authority and emotional reassurance are not all that patients need and that many patients are capable of dealing with uncertainty. The breast cancer specialist, for instance, had little respect for his colleagues’ patronizing attitude toward the patient as an intellectual inferior. He pointed out that there is ignorance on both sides of the physician-patient relationship and that informed patients are not always welcome in physicians’ offices. In his experience, informing patients meant losing referrals.

The president made the challenging argument that neither reassurance nor informed consent is the best choice in every situation. He used the placebo effect to illustrate his point. The placebo effect is a well-known phenomenon in medicine and psychotherapy in which a treatment tends to have at least some positive effect if patients believe it is beneficial. One explanation for this effect is that a patient’s belief mobilizes forces in the immune system that have been kept in reserve, much as a distance runner can mobilize all his reserves the moment he realizes that the finish line is near.10 The president called attention to the phenomenon that the placebo effect might disappear as soon as the physician explained to patients the actual risks inherent in the treatment, that is, as soon as the physician assumed a role founded on reason rather than authority. If illusions can sometimes cure, then there is a problem—the benefit of knowing is not absolute; there is also the potential efficacy of faith.11

This discussion also highlights the possibility that physicians and patients can have different or even opposing goals. The school physician routinely performs X rays; his goal is to protect himself from possible accusations of overlooking a fracture. However, Professor O’s goal is to protect his sons from being harmed by the X rays. Each of the two alternatives—to X-ray or not—involves potential benefits and costs for his boys, but these are not the same as those for the school physician. The breast cancer expert informs patients about the pros and cons of hormone therapy so that each woman can make her own decision, depending on what is more important to her. For instance, a woman may prefer lowering her chance of depression over reducing her chance of developing breast cancer, or vice versa. The expert’s tutorial is in the women’s interest, but not necessarily in that of his fellow physicians who definitely want women to receive hormone therapy, not to reflect about it. The representative of WHO reported the shocking number of patients killed every year in U.S. hospitals by preventable errors, but safety systems such as in commercial aviation that would be in the interest of patients have not been set up in hospitals. In aviation, safety is in the immediate interest of the pilot; if the passengers die in a crash, the pilot will very likely die too. The situation for the patient vis-à-vis the doctor is different.

Because costs and benefits typically differ for physicians and patients, it is imperative that patients be informed and be in a position to choose their treatment on this basis. Patients’ choices will not be, and should not always be, the same as their physician’s, and a good doctor will reveal to the patient when their interests diverge. The illusion of certainty—such as that treatments have only benefits but not any harm; that there is one and only one best treatment; that a diagnostic test is absolutely certain—is a mental obstacle toward making up one’s own mind.

Kant’s Dream

In his essay “What Is Enlightenment?” the philosopher Immanuel Kant begins thus:

Enlightenment is man’s emergence from his self-imposed nonage. Nonage is the inability to use one’s own understanding without another’s guidance. This nonage is self-imposed if its cause lies not in lack of understanding but in indecision and lack of courage to use one’s own mind without another’s guidance. Dare to know!12

These are lucid and lovely sentiments. The key term is “courage.” Courage is necessary because using one’s own mind can bring not only feelings of liberation and autonomy, but also punishment and pain. Kant himself had to experience this. A few years after he wrote these lines, he was required by the government—out of fear that his rational thinking would undermine the certainty of the Christian doctrine—to cease writing and lecturing on religious subjects. In general, overcoming nonage can mean detecting holes in stories, facts, and values in which one has always believed. Questioning certainties often means questioning social authority.

Learning to live with uncertainty is a daring task for individuals as well as societies. Much of human history has been shaped by people who were absolutely certain that their kin, race, or religion was the one most valued by God or destiny, which made them believe they were entitled to get rid of conflicting ideas along with the bodies polluted with them. Modern societies have come a long way toward greater tolerance of uncertainty and diversity. Nevertheless, we are still far from being the courageous and informed citizens whom Kant envisaged—a goal that can be expressed in just two Latin words: Sapere aude. Or in three English words: “Dare to know.”
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INNUMERACY

At the beginning of the twentieth-century, the father of modern science fiction, H. G. Wells, is reported to have predicted, “Statistical thinking will one day be as necessary for efficient citizenship as the ability to read and write.”2 At the end of the century, the mathematician John Allen Paulos investigated how far we had—or, rather, hadn’t—come in this respect. In his best-selling book, Innumeracy, Paulos related the story of a weather forecaster on American television who reported that there was a 50 percent chance of rain on Saturday and a 50 percent chance of rain on Sunday, from which he concluded that there was a 100 percent chance of rain that weekend!

The inability to reason appropriately about uncertainties is by no means strictly an American affliction. The word “percentage” has become one of the most frequent nouns in the German media. In a survey, 1,000 Germans were asked what “40 percent” means: (a) one-quarter, (b) 4 out of 10, or (c) every 40th person. About one-third of respondents did not choose the right answer.3 Political decision makers are, likewise, not immune to innumeracy. For example, commenting on the dangers of drug abuse, a Bavarian minister of the interior once argued that because most heroin addicts have used marijuana, most marijuana users will become heroin addicts. Figure 3-1 shows why this conclusion is mistaken. Most heroin addicts indeed have used marijuana, as the dark section of the small circle shows. However, this does not mean that most marijuana users are heroin addicts—the same dark section that covers most of the heroin addicts covers only a small portion of the marijuana users. On the basis of his mistaken conclusion, the minister of the interior asserted that marijuana should therefore remain illegal. Whatever one’s views on the legalization of marijuana, the minister’s conclusion was based on clouded thinking.

In Western countries, most children learn to read and write, but even in adulthood, many people do not know how to think with numbers. This is the problem that Paulos and others have called innumeracy. I focus on the most important form of innumeracy in everyday life, statistical innumeracy—that is, the inability to reason about uncertainties and risk. Henceforth, when I use the term “innumeracy,” I mean statistical innumeracy. How is the illusion of certainty connected to innumeracy? Here is an overview.

• Illusion of certainty. Franklin’s law is a mind tool to overcome the illusion of certainty, to help make the transition from certainty to uncertainty. For instance, when Susan, the woman introduced in Chapter 1, finally learned (the hard way) that laboratory errors occur in HIV testing, she made the transition from certainty to uncertainty.
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FIGURE 3-1. Marijuana users and heroin addicts. Most heroin addicts are marijuana users (the dark part of the smaller circle). Can we conclude from this that most marijuana users are heroin addicts?




• Ignorance of risk. This is an elementary form of innumeracy in which a person does not know, not even roughly, how large a personally or professionally relevant risk is. This differs from the illusion of certainty in that the person is aware that there may be uncertainties, but does not know how great these are. The major tool for overcoming the ignorance of risk consists of various forms of information search (for example, scientific literature). For instance, Chapter 7 gives details about the various risks involved in HIV testing, including false positives.

• Miscommunication of risk. In this form of innumeracy a person knows the risks but does not know how to communicate these so that others understand them. The mind tool for overcoming miscommunication is representations that facilitate understanding. For instance, the Prozac story in Chapter 1 illustrates the miscommunication of risk—the failure to communicate risk in an understandable way—and how to overcome it.

• Clouded thinking. In this form of innumeracy a person knows the risks but not how to draw conclusions or inferences from them. For instance, physicians often know the error rates of a clinical test and the base rate of a disease, but not how to infer from this information the chances that a patient with a positive test actually has the disease (Chapter 1). Representations such as natural frequencies are a mind tool that facilitate the drawing of conclusions (Chapter 4).

Innumeracy—ignorance of risk, miscommunication of risk, and clouded thinking—becomes a problem as soon as one is driven out of the promised land of certainty into the world in which Franklin’s law reigns. Innumeracy, I emphasize, is not simply a problem within an individual mind; ignorance and miscommunication of specific risks can, for example, be produced and maintained by various groups within society to their own benefit.

Risk

The term “risk” has several senses. The one I intend has to do with uncertainty, but not necessarily regarding a dangerous event, such as a plane crash, because one can also be uncertain about a positive outcome, such as a successful landing. Another reason not to use the term to refer exclusively to negative outcomes is that there are situations in which a negative outcome from one perspective is a positive outcome from another. For instance, losing a month’s salary in a gambling casino is a negative outcome for the gambler but a positive one for the casino.

In this book, I call an uncertainty a risk when it can be expressed as a number such as a probability or frequency on the basis of empirical data. The number need not be fixed—it may be updated in light of experience. In situations in which a lack of empirical evidence makes it impossible or undesirable to assign numbers to the possible alternative outcomes, I use the term “uncertainty” instead of “risk.”4 Uncertainty does not imply chaos; for instance, when a cure for cancer will be found is uncertain, but this does not have anything to do with chaos.

When does an uncertainty qualify as a risk? The answer depends on one’s interpretation of probability, of which there are three major versions: degree of belief, propensity, and frequency. Degrees of belief are sometimes called subjective probabilities. Of the three interpretations of probability, the subjective interpretation is most liberal about expressing uncertainties as quantitative probabilities, that is, risks. Subjective probabilities can be assigned even to unique or novel events.

Degrees of Belief. Consider the surgeon Christiaan Barnard’s account of his first encounter with Louis Washkansky, who was then soon to become the first man to have a heart transplant. Washkansky was propped up in bed, reading a book. Barnard introduced himself and explained that he would exchange Washkansky’s heart for a healthy one and that “there’s a chance you can get back to normal life again.”5 Washkansky did not ask how great the chance was, how long he would survive, or what the transplant operation involved. He just said he was ready to go ahead and turned back to his book, a Western. Barnard was deeply disturbed that Washkansky was more interested in pulp fiction than in this great moment in medical history and the risk it posed to him. But Washkansky’s wife, Ann, did ask Barnard, “What chance do you give him?” Without hesitation or further explanation, he answered, “An 80 percent chance.”6 Eighteen days after the operation, Washkansky died. Barnard’s “80 percent” reflected a degree of belief, or subjective probability. In the subjective view, uncertainties can always be transformed into risks, even in novel situations, as long as they satisfy the laws of probability—such as that the probabilities of an exhaustive and exclusive set of alternatives such as survival and death add up to 1. Thus, according to the subjective interpretation, Barnard’s statement that Washkansky had an 80 percent chance of survival is meaningful provided that the surgeon also held that there was a 20 percent chance of his patient not surviving. In this interpretation, Barnard’s “80 percent” would qualify as quantified uncertainty, that is, as risk.

Propensities. The possibility of translating uncertainties into risks is much more restricted in the propensity view. Propensities are properties of an object, such as the physical symmetry of a die. If a die is constructed to be perfectly symmetrical, then the probability of rolling a six is 1 in 6. The reference to a physical design, mechanism, or trait that determines the risk of an event is the essence of the propensity interpretation of probability. Note how propensity differs from the subjective interpretation: It is not sufficient that someone’s subjective probabilities about the outcomes of a die roll are coherent, that is, that they satisfy the laws of probabilty. What matters is the die’s design. If the design is not known, there are no probabilities. According to this view, Barnard’s estimate of 80 percent would not qualify as a probability, or risk, because not enough is known about the heart operation for its propensities to be assessed.

Frequencies. For a frequentist, a probability must be based on a large number of observations and is defined as the relative frequency of an event in a specified reference class, such as the relative frequency of lung cancer in white American males who smoked cigarettes for at least 20 years. No reference class, no probability. Frequentists would not be interested in what someone believes about the outcome of rolling a die, nor would they need to study the design of the die to determine the probability of rolling a six. They would determine the probability empirically by rolling the die many times and computing the relative frequency with which the outcome was a six. Therefore, frequentists would declare Barnard’s estimate of 80 percent meaningless (because there were no comparable transplants at the time he made the estimate), and hard-line frequentists would reject altogether the notion of assigning probabilities to a single event such as the survival of a specific man. Clearly, frequentists are cautious about moving from uncertainties to risks. For them, risks refer only to situations for which a large body of empirical data exists. The courts, for instance, tend to adhere to the frequentist position, admitting statements about risks as evidence only when they are based on empirical frequencies rather than opinion.

These different interpretations of probability can produce drastically different estimates of risk. A few years ago, I enjoyed a guided tour through Daimler-Benz Aerospace (DASA), which produces the Ariane, a rocket that carries satellites into orbit. Standing with my guide in front of a large poster that listed all 94 rockets launched so far (Ariane models 4 and 5), I asked him what the risk of an accident was. He replied that the security factor is around 99.6 percent. That was surprisingly high because on the poster I saw eight stars, which meant eight accidents. To be sure, several of the stars were next to early launchings, but launch numbers 63, 70, and 88 were also accidents. I asked my guide how eight accidents could translate into 99.6 percent certainty. He replied that DASA did not count the number of accidents, but rather computed the security factor from the design features of the individual parts of the rocket. He added that counting accidents would have included human errors, and pointed out that behind one of these stars, for instance, was a misunderstanding between one worker who had not installed a screw, and the worker on the next shift who had assumed that his predecessor had done so. The reported risk of an Ariane accident was, hence, based on a propensity, not a frequency, interpretation.

In this book, I will focus on risks that can be quantified on the basis of frequency data. This is not to say that frequencies are the whole story in estimating risks, but—when they are available—they provide a good starting point.

Ignorance of Risk

Who is informed about risks? The answer depends on one’s culture and the event or hazard in question. For instance, the weather forecast might say that the chances of rain tomorrow are 30 percent, and we at least think we understand what that means. Although it seems natural to express the uncertainty of weather in terms of probabilities, this is a recent cultural phenomenon. Before 1965, the U.S. National Weather Service expressed its forecasts in all-or-none terms such as “it will not rain tomorrow,” perhaps preceded by “it is unlikely that. . . .” In Germany, probabilities began to be reported in weather forecasts only around 1990; in France, weather forecasts are still largely probability-free. Some cultures have an insatiable appetite for numbers—batting averages, SAT scores, and market indices— while others are more reluctant to express uncertainties in numerical form. In general, democracies tend to have a greater desire for numbers and a greater motivation to make risks transparent than most other social systems.

PROMOTING PUBLIC IGNORANCE

However, democracies also host groups that have little interest in the public’s knowing about certain risks. For instance, in the 1950s, the American tobacco industry began a massive campaign to convince the public that cigarette smoking was safe. This was around the time when the American scientific community began to reach a consensus that cigarettes are a major cause of illness, and the industry invested hundreds of millions of dollars in the creation of an illusion of certainty.7 After the illusion crumbled following a report by the U.S. Surgeon General in 1964, the tobacco industry launched a second campaign of obfuscation to engender “doubt” about the extent of the actual risks involved. For decades, the scientific evidence concerning the hazards of smoking was rarely if ever discussed in the leading national magazines in which the tobacco industry advertised. Large segments of the public got the impression that the question of the effects of smoking on health was still open. As early as the mid-1950s, however, the American Cancer Society had evidence that people who smoked two packs of cigarettes a day were dying about seven years earlier, on average, than nonsmokers. Most experts today agree that tobacco is the cause of 80 to 90 percent of all cases of lung cancer. Tobacco kills upward of 400,000 Americans every year, primarily through lung cancer and heart disease; in Germany, the number is estimated to be 75,000. In China, the number of people who die from lung cancer will soon be close to 1 million a year. The case of cigarette smoking illustrates how public awareness of a health hazard can be diluted by a double defense line. First, the illusion of certainty is manufactured: Smoking is safe—period. When this illusion breaks down, uncertainty is acknowledged, but doubt is spread as to whether the actual risks are known or not.

BEYOND IGNORANCE: IT’S OFTEN ONLY A SIMPLE CALCULATION

Not all ignorance is driven by trade lobbies or other parties that have an interest in keeping people ignorant of risks. There are also situations in which the facts are plainly in view and people have only to make a small mental effort to put them together.

What is the chance of one’s dying in a motor vehicle accident over the course of a lifetime? It does not take much time to figure this out. In an average year, 40,000 to 45,000 people die on the roads in the United States.8 Given that the country has about 280 million inhabitants, this means that about 1 in 7,000 of them is killed on the road each year. Assuming that this figure remains fairly stable over time, we can also figure out the chance of dying on the road during one’s life. Given a life span of 75 years, the result is roughly 1 in 90. That is, 1 out of every 90 Americans will lose his or her life in a motor vehicle accident by the age of 75. Most of them die in passenger car accidents.

Are Americans in greater danger of being killed on the road than people in Germany or in Great Britain? In an average year, about 8,000 people die on the roads in Germany. Given its population of about 80 million, one can calculate that about 1 in 10,000 is killed in a motor vehicle accident. Over a life span of 75 years, this is equivalent to about 1 in every 130 people. Again, the majority of these people are killed while driving or riding in a passenger car.9 Note that the higher fatality rate of Americans does not imply that they drive more dangerously than Germans; they just drive more, in part because of the lack of public transportation. In Great Britain (including Northern Ireland), the roads are safer than in the United States and Germany. There, again over a life span of 75 years, “only” about 1 in 220 people is killed in a motor vehicle accident.

American roads are, however, definitely not the most dangerous in the Western world. There are two European countries that stand out from the others, Portugal and Greece, where about 1 in 4,000 citizens is killed on the road every year. This means that over a life span of 75 years, about 1 out of every 50 people in Portugal and Greece is killed on the roads.10

All that is needed to make these estimates is the number of people who die of the cause in question each year and the population of the country. Both can be looked up easily for any country or state. These estimates are only rough because they do not take account of the possibility that driving behavior or safety technology might drastically change over time. I do not present the striking risks of driving to make every reader switch to public transportation. Many people have heard arguments of the sort “planes are safer than cars,” yet these arguments do not change their behavior—because of habit, fear of flying, or love of driving. However, knowing the actual risk allows individuals to make up their own minds, to weigh the risk against the individual benefits of driving, and to arrive at an informed decision. For instance, the terrorist attack on September 11, 2001, cost the lives of some 3,000 people. The subsequent decision of millions to drive rather than fly may have cost the lives of many more.

PUBLIC NUMBERS

Public ignorance of risk has a historical basis. Unlike the stories, mythologies, and gossip that have been shaping our minds since the beginning of human culture, public statistics are a recent cultural achievement. During much of the eighteenth and nineteenth centuries, statistical information was a state secret known only by an elite and withheld from the public. The power of statistical information, such as population figures, has been recognized among political leaders for centuries. Napoleon’s appetite for facts from his bureau de statistique was legendary.11 And he always wanted the numbers immediately. At the Napoleonic court, the saying was, If you want something from Napoleon, give him statistics. Willingness to make economic and demographic figures public is a recent phenomenon. It was not until around 1830 that statistics, or at least some of them, became public. Since then, an “avalanche of printed numbers,” to borrow the philosopher Ian Hacking’s phrase, has turned modern life into a vast ocean of information conveyed by media such as television, newspapers, and the Internet. In this sense, one can say that, although uncertainties are old, risks are relatively new.

As already mentioned, the widening dissemination of statistical information to the public during the nineteenth and twentieth centuries has been linked to the rise of democracies in the Western world.12
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