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INTRODUCTION
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There was less than one year between the original French edition of this book and the English edition that you are about to read—but it was the year of the coronavirus pandemic. The pandemic threw into stark relief many of the themes of this book: How safe is safe enough? How do we decide between saved lives and financial losses? If we cannot save everyone, whom do we choose? Do we value the lives of children more? Do we value the lives of their grandparents less? Do people across different countries have different views in all these matters?

In this book, these moral questions are triggered by a momentous change in the way we drive. As long as humans have been steering cars, they have not needed to solve thorny moral dilemmas such as, “Should I sacrifice myself by driving off a cliff if that could save the life of a little girl on the road?” The answer has not been practically relevant because in all likelihood, things would happen way too fast in such a scenario for anyone to stick to what they had decided they would do—it’s a bit like asking yourself ,“Should I decide to dodge a bullet if I knew it would then hit someone else?” But as soon as we give control of driving to the car itself, we have to think of these unlikely scenarios because the car decides faster than us, and it will do what we told it to do. We may want to throw our hands in the air, say that these moral questions cannot be solved, that we do not want to think about them, but that will not make them go away. The car will do what we told it to do, and so we need to tell it something. We need to consider whether the car can risk the life of its own passengers to save a group of pedestrians, we need to consider if it should always try to save children first, and we even need to consider if it is allowed to cause unlimited amounts of financial damage to save just one human life.

In March 2020, it became clear to leaders in several European countries that if the coronavirus epidemic went unchecked, hospitals would soon run out of ventilators to keep alive the patients who could not breathe on their own during the most severe stage of the disease. And if that happened, health care workers would have to make very hard decisions about which patients they should save and which patients they would let die, at a scale never seen before, under the spotlight of public opinion, at a moment when emotions ran very high. To avoid such a disastrous outcome, drastic measures were taken to slow down the epidemic and to vastly increase the number of available ventilators. In other words, rather than solving a terrible moral dilemma (Who do we save if we cannot give everyone a ventilator?), everything was done so that the dilemma would not materialize.

Now think of self-driving cars. One of the biggest arguments for self-driving cars is that they could make the road safer. Let’s assume they can. Still, they cannot make the road totally safe, so accidents will continue to happen and some road users will continue to die. Now the moral dilemma is, “If we cannot eliminate all accidents, which accidents do we want to prioritize for elimination?,” or perhaps, “If it is unavoidable that some road users will die, which road users should they be?” These are hard questions, and it will take this whole book to carefully unpack them (there will be a lot of fast-paced scientific action, too). But could we avoid them entirely? Remember that in the coronavirus case, the solution was to do everything possible to not have to solve the dilemma, by preventing it from materializing. In the case of self-driving cars, preventing the dilemma means one of two things: either we simply give up on these cars and continue driving ourselves, or we don’t put them on the road until we are sure that their use will totally eliminate all accidents. As we will see, there are moral arguments against these two solutions because this whole situation is that complicated.

As a psychologist, I am always more interested in what people think about something than in the thing itself. Accordingly, this book is chiefly concerned with what people think should be done about self-driving cars. And because the moral issues with self-driving cars are pretty complex, it turns out to be quite complicated to measure what people think about them. So complicated, in fact, that my teammates and I had to imagine a different way to do social science research, and we created a brand new sort of beast: Moral Machine, a viral experiment. As you are reading this, it is likely that more than ten million people all over the world have taken part in that experiment. This number is insane—no one has ever polled ten million people before. You will see, though, that to obtain this kind of result, we had to take unusual steps. For example, we had to give up on things that are usually desirable, like keeping our sample representative of the world’s population in terms of age, gender, education, and so on. This made our work more difficult when the time came to analyze our data, but I hope you’ll agree that it was worth it. Indeed, this book will take you backstage and tell you the whole story of how Moral Machine was born and how it grew into something we never expected. So buckle up, and enjoy the ride.

Toulouse, France, June 2020
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A TECHNOLOGICAL THRILLER


[image: ]
Sometimes the life of a scientist can seem like a spy novel. While carrying out the research described in this book, I sometimes felt as if I were a character in a technological thriller. I’m not talking about scientists spying on each other. It’s true that scientists sometimes snoop on each other, size each other up, and spread rumors about one another. And laboratories conceal their results so that their competitors won’t beat them to the punch. Some scientists aren’t troubled by the thought of borrowing an idea heard at a conference or thoughtlessly revealed late in the evening, after a few glasses of wine, when guards are down. Cases like that are rare, but all researchers have at least one such story to tell. That’s not the question that concerns us here, though.

One similarity between research and spy stories is that scientists conduct projects a bit as if they were infiltrating an enemy operation. A research problem is a strategic location whose defenses must be penetrated in order to master it. That requires a plan of attack and a team. The members of such a commando squad have neither the same background nor the same specialization. Each one has their area of expertise suited to their different talents. Recognizing these complementary relationships, making the most of them, and respecting the judgment of your team members are essential requirements for successfully completing any project—just like conducting a mission in enemy territory.

Furthermore, as with any good spy novel, you can’t entirely trust the narrator. The story of a scientific project is often hazy; the dates, times, and ideas get mixed up. Who thought of taking a certain path first? Who came up with the idea that saved the project? It doesn’t really matter, actually. A scientific project belongs to the whole team, and each member builds on the ideas of the others. One may have come up with the initial idea, and another developed it. But when it comes to telling the story of a project, the narrator’s memories aren’t always precise. Keep this in mind while reading the story I’m about to tell you. I’m a narrator who sometimes meddles with reality. I don’t make anything up, but I don’t always relate everything, and I have to write based on my skewed memories.

A revolutionary technology lies at the heart of this book: autonomous driving. I won’t be talking about technology, however, but about morality. Self-driving cars force us to ask new questions, on an as-yet-unseen scale. The two great promises of autonomous cars are to pollute less and to have fewer accidents than human-driven cars. They cannot always avoid accidents. This simple observation has dizzying consequences because we will have to decide which kinds of accidents will be unavoidable—that is, how many fatal accidents will we allow these cars to have? Who will be the victims? Would we accept it if passengers of autonomous vehicles basically no longer had fatal accidents, but pedestrians and cyclists continued to be killed with the same regularity that they are today? And if an autonomous car is in a dramatic situation in which it must choose between sacrificing its passenger or running over a pedestrian, what should it do? What if there are two, three, or four pedestrians? What if the pedestrian is a child?

All of these questions are new because until now, human beings have driven cars. It would be insane to command human drivers to kill fewer cyclists or to sacrifice themselves to save a group of pedestrians. Drivers aren’t able to analyze all of the consequences of their actions within fractions of a second, and they cannot be programmed in advance. But self-driving cars can be—in fact, they must be—programmed in advance. And their programming can change. We might think that too many cyclists are killed on our roads, but we cannot change the behavior of drivers from one day to the next. But in a future not too far away, overnight we could update the code for autonomous cars to make them more careful around cyclists.

This possibility will force us to make unwelcome choices. No one wants to ask themself if it would be better for a car to run over three adults or two children. But as soon as a driverless vehicle is able to count the pedestrians it encounters and distinguish between adults and children, we have to tell it what to do when it is faced with this dramatic choice. We must invent a new morality, not intended for human drivers who, as I said, cannot make lucid choices in accident situations anyway, but for machines that now know enough to choose. The more accidents self-driving cars are able to avoid, the more they will be tasked with choosing the outcomes of the accidents they cannot avoid. I wrote this book in order to shed light on this new moral territory, populated by cars that know too much to be left to their own devices.
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DUBAI, MAY 2015
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Researchers are used to cheap hotels; they don’t squander the public money that finances their travels. I’ve slept in countless tiny rooms, sometimes without a bathroom, and once even in a windowless basement room near a subway whose regular vibrations made me feel as if I were sleeping in a submarine. On the day this story begins, the situation was very different. I’d been invited to spend a week at the Masdar Institute at Khalifa University in Abu Dhabi, and my hosts had done very well by me. I was housed in a luxurious Dubai hotel, the sort of place where you drink cocktails in an infinity pool with a view of the Persian Gulf.

The Masdar Institute mainly conducts research on energy and the environment, subjects that are not my area of expertise, but it also houses a robotics and artificial intelligence team. Those researchers were the ones I’d come to work with. Our project was to make robots and humans cooperate in situations in which the latter have trouble cooperating among themselves. A socially astute robot could gain and maintain the confidence of its human partner just as well or even better than another human—or at least that’s what we hoped. This project proved to be particularly fascinating, and I continue to explore its ramifications today, but it’s not central to the story that I will tell in this book.1 The important thing is that I had the opportunity to ride in a self-driving car for the first time at the Masdar Institute.

The campus had a service offering autonomous cars that were programmed to move from one building to another, so that visitors wouldn’t have to walk under the United Arab Emirates’ scorching sun. These cars moved slowly along a predetermined trajectory and braked frequently for no apparent reason, but that didn’t diminish the novelty of the experience; for the first time, I was traveling in a private vehicle without a driver or steering wheel. Research is often a matter of luck. As luck would have it, a few weeks earlier at a conference in Amsterdam, a sudden idea had come to me about self-driving cars. This thought had nothing to do with the conference itself. I was in Amsterdam to talk about a totally different question: when we see someone’s face, are we able to correctly predict if we can trust them?2 I took the opportunity to have breakfast with several American and European researchers who were also working on the same question. The meal was a bit tense because we disagreed about some important scientific points. It was nothing personal, though, and the conversation eased on the way back from the restaurant. On an impulse, I asked one of my colleagues if self-driving cars should be programmed to kill. Imagine that an autonomous vehicle was in a situation in which an accident was impossible to avoid, and it had to choose between two groups of victims—for example, one child or five adults, a man or a woman, an elderly person or a couple. How should it be programmed? Whom should it save, which is to say, whom should it kill?

This idea didn’t come out of nowhere. For years, I’d been interested in moral psychology, the study of the mental processes that allow us to decide that one action is morally acceptable and another is not. Moral psychology makes heavy use of what is known as the trolley problem. It’s a thought experiment whose aim is to make people think about the moral legitimacy of sacrificing an innocent person if doing so would entail larger positive consequences.3 In its simplest form, the problem goes like this: imagine that a trolley is about to run over five people, and the only way to save them is to divert it onto a different track, where there is one person who wouldn’t have time to move out of its way. Is it morally acceptable to divert the trolley and kill this person, saving five others in the process?

There are infinite variations on the trolley problem, and therein lies its beauty.4 By making minute adjustments to the problem again and again, psychologists manage to triangulate the factors that guide moral judgment and to understand why we arrive at different judgments. In general, men find it more acceptable than women do to sacrifice one life to save several.5 Does that mean that they’re more rational, more inclined to overcome their emotions in the moment to make a difficult decision? No. They’re just more violent. Or, to phrase it more cautiously, on average they experience less aversion to the idea of actively causing physical injury.6 For the same reason, psychopaths also find it morally more acceptable to kill one person in order to save several.7 It’s not that they’re guided by a philosophy of life that justifies violence when it works for the good of a larger number of people. They’re just more comfortable with violence, whatever its consequences.

When psychologists use the trolley problem, they don’t claim that the situation is realistic or that anyone may one day encounter it. I don’t know anyone who has been confronted with the dilemma of whether to direct a trolley toward one or five people, nor do I know anyone who has stood on the track, at the mercy of the trolley conductor! The idea that suddenly crossed my mind in Amsterdam is that self-driving cars cast a different light on the old trolley problem, and a more sinister one I must admit, but they also make it a bit more realistic. Giving a self-driving vehicle the power to choose its victims in an accident situation is like giving the trolley the power to decide if it will kill one person or five. And since there are many more cars than trolleys, and we cross the paths of cars much more often than trolley lines, well … one day we could all be subject to a decision made in a fraction of a second by a car’s algorithm. In other words, any of us could one day be killed or saved by a machine.

I didn’t (yet) know if this research hypothesis was interesting. Researchers constantly have ideas that they don’t have time to explore. And so first they test them on their colleagues, whomever and wherever, at a meeting, a conference, a café … And their colleagues rarely handle them with kid gloves. Sometimes they completely tear down an idea with just a few sentences. Other times they frown silently, broadcasting “Not interested.” This frown crossed my colleague’s face in Amsterdam when I ran my idea by him as we returned to the conference center after our breakfast. That could have been the end of the story; many scientific projects die this way, nipped in the bud by a skeptical reaction. But then came Iyad Rahwan.


NOTES


	1. Jacob W. Crandall et al., “Cooperating with Machines,” Nature Communications 9, no. 233 (2018), https://doi.org/10.1038/s41467-017-02597-8.


	2. J.-F. Bonnefon, A. Hopfensitz, and W. De Neys, “Can We Detect Cooperators by Looking at Their Face?,” Current Directions in Psychological Science 26, no. 3 (June 2017): 276–281.


	3. P. Foot, “The Problem of Abortion and the Doctrine of Double Effect,” Oxford Review, no. 5 (1967): 5–15.


	4. F. M. Kamm, “Harming Some to Save Others,” Philosophical Studies 57, no. 3 (November 1989): 227–260.


	5. B. Trémolière, G. Kaminski, and J.-F. Bonnefon, “Intrasexual Competition Shapes Men’s Anti-Utilitarian Moral Decisions,” Evolutionary Psychological Science 1, no. 1 (March 2015): 18–22.


	6. R. Friesdorf, P. Conway, and B. Gawronski, “Gender Differences in Responses to Moral Dilemmas: A Process Dissociation Analysis,” Personality and Social Psychology Bulletin 41, no. 5 (May 2015): 696–713.


	7. D. M. Bartels and D. A. Pizarro, “The Mismeasure of Morals: Antisocial Personality Traits Predict Utilitarian Responses to Moral Dilemmas,” Cognition 121, no. 1 (October 2011): 154–161.
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MERLIN’S LAUGH
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Iyad Rahwan is a unique scientist. He grew up in Syria, in Aleppo, and received a doctorate in computer science in Australia. He rapidly made his mark on a very specialized area of artificial intelligence: argumentation networks.1 His precocious renown could have guaranteed him a quiet career, but quiet has never really been Iyad’s thing. He likes science that rocks the boat, that destabilizes, that isn’t easy to categorize. He breaks the rules, so to speak.

He entered the limelight after he participated in several challenges initiated by the military research agency DARPA and the US Department of Homeland Security. These challenges might be described as Mission: Impossible–style: find ten red balloons scattered across the United States; reconstruct a sheet of notebook paper shredded into hundreds of tiny pieces; or locate five individuals hidden in different cities (Bratislava, London, New York, Stockholm, Washington, DC) within twelve hours using only a photo of each of them.2 Iyad’s technique for these types of challenges is to use the power of social networks to organize large-scale cooperation. By encouraging thousands of strangers to set out on an adventure and recruit members of their networks, Iyad ends up at the head of an army of informants. Thanks to this technique, Iyad’s team was able to locate three of the five “targets” in less than twelve hours, winning the last challenge. Iyad has other talents as well, such as his (unmatched) ability to determine the potential of a project or person. Anecdotally, Iyad is also one of the most elegant men I know, in every way: appearance, etiquette, intellect. Always perfectly dressed and with exquisite manners, he’s quite simply the Syrian alter-ego of George Clooney in Ocean’s Eleven.

But to return to Dubai in May 2015 … It was Iyad who invited me to visit him at the Masdar Institute. After a day of working on our cooperative robots, we drove from Abu Dhabi toward Dubai and exchanged ideas about new projects we might start. I suddenly wanted to tell him my idea about self-driving cars, the one that hadn’t impressed my colleague in Amsterdam: “If a self-driving car couldn’t avoid an accident and had to choose between two groups of victims, how should it choose?” As I remember it, Iyad laughed. It wasn’t a polite laugh, a way of moving on to another subject. It was more like Merlin’s laugh. In Arthurian legend, Merlin had a habit of laughing at moments when it seemed inexplicable or cruel. He laughed when his mother cried because she was threatened with being burned at the stake; he laughed when he passed a poor man begging on the ground. Merlin laughed because he saw what others couldn’t—because he knew that his mother would be saved and that a treasure was buried at the poor man’s feet. Iyad laughed in delight because he understood, better than others and faster than I did, the interest and extent of the problem, and he looked forward to the work that lay ahead of us.

This work begins with what we scientists call reviewing the literature. Initially, a research problem is couched in terms that are still vague. That day, Iyad and I started with the idea that a self-driving car could one day be in a moral dilemma, but we didn’t yet know what dilemma, or the precise question we had to answer. Did we want to evaluate people’s preferences? The frightening nature of these dilemmas? The legitimacy of automotive manufacturers’ actions to resolve them? Many directions were open to us. Before choosing one, we had to analyze the contents of all the scientific journals that might contain research on this subject. This work ensured that we wouldn’t move in a direction that had already been explored by others.

Reviewing literature is not my favorite activity; you have to absorb tons of information every day, and you are always in fear of missing an essential publication. For example, psychologists and economists don’t use the same vocabulary, even if they’re talking about the same thing. Reviewing literature based on the vocabulary of psychologists risks missing important articles written by economists. That’s why scientists are suspicious if they review the literature but find very few publications. The most likely reason for not finding anything is that you aren’t looking in the right places!

In our case, though, reviewing the scientific literature turned up absolutely nothing. We didn’t find any publications about the moral choices of self-driving cars. Of course, there are an astronomical number of articles about the trolley problem. But in all of them, the question is whether it is acceptable for a human to sacrifice a life in order to save several, and there is no indication that this research on human choices could be applied directly to machines.

The scientific literature seemed to be silent on the moral dilemmas of self-driving cars. We quickly realized, however, that this idea was already in the air. It had been specifically mentioned on several legal and philosophical blogs. Their authors tackled the problem in different ways, but the same theme kept returning: sacrificing the passenger. Imagine that you are riding in a self-driving car along a mountain road, on the edge of a cliff. Rounding a bend, you suddenly find yourself speeding toward a group of children in the middle of the road. The only way to avoid running them over is to turn sharply, swerving over the cliff—which would certainly kill you. Does the car have to sacrifice you like that?

This aspect of the issue had not previously been considered in the trolley problem. It’s true that it has two new elements: personal sacrifice, but also the programmed nature of the sacrifice. Are the users of autonomous cars really ready to drive around with this sword of Damocles hanging over their heads? Would they agree to buy a car programmed to kill them if the circumstances demanded it? At this stage in our reflections, we were faced with too many parameters and too many questions. We had to start by dividing the issue into a series of simpler problems—in other words, to define a series of experiments. To carry out this mission, we needed Azim.


NOTES


	1. An argumentation network is a way of representing a group of beliefs that can attack or protect each other. Based on all of these defensive and offensive relationships, the network determines the most plausible state of the world. For example, if a belief A is attacked by a belief B, which isn’t attacked by anything, then belief A is eliminated from the most plausible state of the world.


	2. G. Pickard et al., “Time-Critical Social Mobilization,” Science 334, no. 6055 (2011): 509–512; N. Stefanovitch et al., “Error and Attack Tolerance of Collective Problem Solving: The DARPA Shredder Challenge,” EPJ Data Science 3, no. 13 (2014): 1–27; I. Rahwan et al., “Global Manhunt Pushes the Limits of Social Mobilization,” Computer 46, no. 4 (April 2013): 68–75.
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THE RIGHT QUESTIONS
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Spies know that to understand what others think, you have to ask the right questions. It’s something that psychologists know, too. And it’s even more important when it comes to complicated topics: if I want to understand your feelings about bioethics or the regulation of financial platforms, my questions have to be precise, clear, and rigorous. They must eliminate all risk of confusion or misunderstanding, and they cannot guide you insidiously toward a response.

In experimental psychology, choosing the right questions and how to ask them is one of the aspects of designing an experiment. It is a delicate and crucial step because a poorly conducted study is useless: its results can’t teach you anything. In psychology, the best experiment designers are a little like artists. They have sophisticated technical expertise but also creativity and intuition about which questions to ask. They’re experts in the art of making people say what they really think.

Iyad is a brilliant scientist, but he’s not trained in experimentation. As for me, I know how to design an experiment, but that isn’t what I do best, nor is it how I prefer to spend my time. When we started working together a few years ago, we quickly understood that we needed to find another team member, a real specialist in experimental psychology. Fortune smiled on us, and we met Azim Shariff. Azim is the best experiment designer of the three of us. I even came to adopt a simple rule: if Azim wanted to do an experiment in a certain way and I wanted to do it differently, I was the one who was wrong and we would save time and money if I admitted it right away.

A Canadian with an Arabic name and Indian parents, Azim is a man full of charm and humor. At thirty-four, he was the youngest of the three of us, and apparently the most attractive, as Iyad’s wife nicknamed him “Professor Handsome.”1 His early career was meteoric and his works on the experimental psychology of religion rapidly became standards in the field worldwide. Azim thinks fast, charms fast, and drives fast. On the day he met Iyad for the first time, Azim rented a car to get to Dubai from Abu Dhabi. A defective setting caused the car to make a beeping noise every time he pressed the accelerator, which happens a lot when you’re driving at ninety miles per hour in a straight line across the sand. Azim’s solution to avoid having to listen to the loud, unpleasant sound? Turn the stereo up to the max for the whole ride and hurtle through the desert with music blaring.

Azim isn’t a daredevil, though. On the contrary, his role on the team is often to keep us grounded and call us back to reality. Iyad is a visionary. When he thinks of a new project, he immediately imagines the perfect version, where everything comes together in the best possible way. Me, I’m a storyteller. When I think about a project, I imagine the nice visualizations that I could pull from the data and the memorable sentences I would find to explain the importance of the results. In other words, Iyad and I can easily get lost fantasizing, contemplating a dream project that we’ve talked about for five minutes. Azim is more realistic. He sees the obstacles, the difficulties, the dead ends. He warns us about what might go wrong or even ruin the project. He doesn’t hesitate to rein in our enthusiasm or to cast doubt on the interest of the latest idea we’ve gotten worked up about.

This time, though, Azim didn’t have any reservations. Like the two of us, he was instantly convinced that we had to drop everything and dedicate ourselves entirely to the moral dilemmas of self-driving cars. And so in the summer of 2015 the three of us found ourselves with a question: how do people want cars to make the decision of who to kill in situations where they cannot save everyone? We started exchanging ideas by email or video conference, which wasn’t very practical—I was in France, Azim was in California, and Iyad shuttled back and forth between Dubai and Boston because he had just accepted a position as a researcher at MIT. We were constantly juggling time zones to find a moment when we were all available and reasonably awake. Fortunately, Azim is a night owl, which let us Skype at 1 a.m. We weren’t just wasting time trying to wedge in our meetings; we also frittered it away discussing what would prove to be the wrong question. During the first weeks, we were convinced that the most important path would be to compare what individuals thought about autonomous cars and human drivers: did they want one morality for machines and another for humans?

For psychologists like Azim and I, this question was intuitive. We know a huge number of things about the way people judge the morality of others, and our instinct was to lean on this knowledge. It’s a scientist’s instinct: you start from what you know, you change one thing (here, we transformed a human driver into a self-driving car), and you observe the impact of this change. But this approach didn’t work. You’ll remember that the trolley problem could be adapted for self-driving cars, but it doesn’t make sense for human drivers. And I’ll tell you why. First of all, humans have little chance of perceiving when they enter into this dilemma. It’s not hard to imagine that a self-driving car could process the information quickly enough to realize that an accident is imminent, that all of the possible trajectories will have victims, but that some will have more and others fewer. It’s less plausible that a human could make this analysis in less than a second. This is what I say when someone asks me (and they ask it often) if anyone knows how often moral dilemmas occur on the road: we don’t know because it would have to be possible for drivers to detect them!

Note, however, that it isn’t totally impossible. There are known cases of drivers who were confronted with such a dilemma and had time to make a choice. In 1999 in Florida, a driver was headed toward two adolescents, one who had started to cross the road and one who was still on the sidewalk.2 The driver understood that he couldn’t brake in time and he said that he had time to make a decision: continue straight ahead and hit the one adolescent or swerve and hit the other. He decided to continue straight, and the collision killed the boy who was crossing the road. The driver described the choice as the most difficult of his life. Seventeen years later, he said it still had psychological consequences for him. Wouldn’t it have been preferable, in this case, for the car to choose in his place?

There is a second reason why the trolley problem usually makes little sense for human drivers: even if we were capable of knowing when we were in a dilemma situation, it is highly doubtful that we would be able to decide on our reaction in advance. You and I could sit down in comfortable chairs and have a long philosophical discussion about what we would choose in this scenario, but what good would it do? We know that if it really happened to us, we would be the slaves of our reflexes, not the masters of our decisions. We can’t program ourselves in advance, that’s the critical difference. But we can program self-driving cars, and that means we have to think carefully about their programming.


NOTES


	1. The name she chose for me is “Johnny Freedom”; it’s less glamorous but I console myself that it could be the name of a superhero.


	2. J. Ciencin Henriquez, “The Accident No One Talked About,” New York Times, March 31, 2017.
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THE FIRST EXPERIMENT
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After numerous discussions and long email exchanges, Azim, Iyad, and I managed to agree on the broad outline of the experiments that we would conduct. We would start with the simplest possible situation, directly inspired by the trolley problem. One self-driving car would have the choice between two accidents: going straight and killing ten pedestrians or swerving and hitting one. Our experiments would seek the answers to three questions about this situation.

First question: which action is the most morally correct? To turn and kill one pedestrian, go straight and hit ten, or even to decide at random? I wasn’t very enthusiastic about the idea of adding the last option (to decide at random). It seemed like a way of skirting the problem to me, by not choosing and avoiding the moral discomfort of saying, “This person will be saved, that one won’t be,” and I was afraid that many people would choose that response because it was easy. But Iyad and Azim persuaded me that we had to offer this response and see how attractive it was, even if few people chose it and we ended up abandoning it. Second question: how do you want cars that might drive on the roads where you live to be programmed? The choices are the same: should they be designed to turn and kill one pedestrian, to go straight and hit ten pedestrians, or to act randomly? Third question: how would you want your own car to be programmed? Again, the choices are identical.

We didn’t expect to see differences in responses to the three questions. In this direct adaptation of the trolley problem, it seemed plausible that the participants would have consistent preferences. If you think that it is moral for a car to save ten pedestrians, you would probably want other people’s cars as well as your own to be programmed to do it.

These three questions are more interesting for the second situation that we wanted to explore. In this scenario, the car must choose between going straight and killing ten pedestrians or swerving and killing its own passenger by slamming into an obstacle. With this situation, it was not at all certain that the answers to the three questions would be the same. You might think that it’s more moral for a car to sacrifice its passenger without being altruistic enough to want to drive around in a car like that.

Now that we were in agreement about the broad outlines, we could divide up our tasks. Azim elaborated the details of the experiments (a long process involving numerous minute decisions1) and started collecting responses. Iyad dove into the political and legal literature on the regulation of self-driving cars, in order to be sure that we would speak accurately when it came time to describe the practical significance of our results. As for me, I worked on another project while waiting for the data to arrive. One of my main tasks in our trio was to analyze our data, find the best visualization for them, and write a synopsis, a plan for our article.

When the data arrived, the story they told was reasonably clear. First, in all of the scenarios we explored, the participants were in agreement that self-driving cars should save the greatest number of people. Though I’d feared that many would dodge the question by hiding behind the response “the car should choose at random,” this option received very few votes.

This result is more important than it seems, even though we rarely highlight it. Nearly every time I speak at a conference on the dilemmas of self-driving cars, someone tries to take me to task and explain to me that the solution is simple: the car should choose at random. I often just reply that most people reject this solution. Of course, that isn’t a sufficient argument—the majority isn’t always right, especially not when the problem is complex. And so it’s useful to compare the case of self-driving cars with other situations where you can’t save everyone, to see if “at random” seems like a good solution in these other cases as well. An organ transplant is one example. There are not enough organs for all of the candidates on the waiting lists. Should it be decided at random, then, by organizing a sort of lottery when an organ becomes available? Today, that’s not how things are done. Organs are allocated in a way that saves the greatest number of patients, by giving priority to those whose lives are in greater danger or to those who are unlucky enough to be incompatible with most donors. A second example is provided by catastrophes or large-scale accidents. In these situations, the number of people injured is so great that medical personnel cannot be certain that they can treat all of the victims in time. Should they choose at random who to treat? Certainly not. They triage the victims, which means that they evaluate the seriousness of their conditions and the probability that they could be saved by an intervention, in order to maximize the number of people who survive. This leads them to make certain painful decisions, such as not trying to resuscitate certain victims when the attempt would require too much time for an uncertain result; in this way, the rescue workers can prioritize treating those victims with better outlooks. These two cases show us that when it is impossible to save everyone, acting at random doesn’t appear to be an acceptable solution. So why should it be acceptable for self-driving cars?

Our data indicate that the majority of the population believes self-driving cars should be programmed to save the greatest number of people, even if that implies sacrificing their own passengers. However—and this is the second major lesson to be drawn from our results—the same people who want vehicles to be able to choose to kill their own passenger wouldn’t want to buy such a car. They would prefer to buy a vehicle programmed to save its passengers, even if that would imply sacrificing a greater number of pedestrians.

In general, when I describe this result, the room shakes with knowing laugher, laughter that says something like: “What do you want, people are incorrigible hypocrites.” But the people who responded to our surveys weren’t being hypocrites. On the contrary, they were extremely honest! Hypocrisy is when someone presents themself as a paragon of Christian virtue while taking every opportunity to cheat on their spouse, or publicly denounces the use of cannabis while consuming it every week. The people who responded to our survey weren’t misrepresenting themselves. They admitted that they weren’t ready to do what seemed the most moral to them, the thing that they would like others to do.


NOTE


	1. To give just one example, there are dozens of formats for the possible responses to a question like “What should the car do?” and the advantages and disadvantages of each one can be examined in light of the objectives of the experiment.
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INITIAL SETBACKS
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Azim, Iyad, and I spent the summer of 2015 collecting and analyzing data, and then, ironically, we ourselves were faced with a dilemma. Should we continue with our investigations, or could we write up an article with the results we already had? At that point, our takeaway was simple: the large majority of individuals surveyed, over a thousand by then, thought that self-driving cars should be able to choose, with total autonomy, to kill one human—even their own passenger—if it would save several, but the respondents would also refuse to buy a vehicle that could one day decide to kill them like that. In itself, this is not a revolutionary discovery, but we were certain that our conclusions would generate a lot of discussion, if only because they would offer many people the opportunity to confront this fascinating idea for the first time: a car programmed to kill.

While discussing our results, it seemed incredible that no one had already published an article on the topic. We were afraid that another group would beat us to it. That wouldn’t be the end of the world, but scientists, like journalists, love getting the scoop. They want to be the first to publish an idea or certain information.

We decided to aim high. The two most prestigious scientific journals in the world are Nature and Science. Publishing an article in either ensures that it will be widely discussed. In the scientific world, a publication like that is the equivalent of winning an Olympic medal. We decided to submit our article to Science because it has a particular section that seemed perfectly suited: the “Policy Forum.” Its articles highlight problems at the intersection of science and society, with implications for public policy. It was the ideal format for our results, which didn’t represent a fundamental scientific advance but rather the beginning of a conversation between engineers, citizens, and governments.

Our first contact with Science was promising. The journal typically rejects nearly everything it receives, but our article wasn’t immediately refused. We received a message expressing a certain level of interest, while asking us to reduce the length of our article by a factor of three, better detail our experimental method, and include a deeper legal discussion. In other words, it was Mission: Impossible again. But what Science wants, Science gets, and we were tearing our hair out to produce a new version of the article, as close as possible to what had been requested.

We sent the revised article back and got a splash of cold water in return. They had changed their minds and were no longer interested. My colleagues and I were reeling; it was a huge disappointment. The editors of Science didn’t give us any explanation for the rejection, but that was nothing out of the usual. When an article is refused at this early stage, that is, before being sent to experts who verify its results, most journals simply send a generic message such as: “Thank you for having thought of us, but we receive many manuscripts and we are forced to reject nearly all of them, even if they are excellent.”

We weren’t very hopeful but we sent the article to Nature next. We received a rather unusual response. The editors of Nature didn’t want to publish it, but they asked us to let them know when it would be published elsewhere so that they could write an editorial about our results! We were a bit taken aback: our article wasn’t interesting enough to appear in Nature, but it was interesting enough for Nature to talk about it?

We received one disappointment after the next. One, then two, three, four scientific journals refused to publish it, each time giving different reasons, each of which could be summarized as: “This article isn’t like the things that we usually publish.”

We started to regret hurrying so much. With a little bit of patience, we would have been able to offer more complete results with greater practical importance, increasing our chances of being published. We regretted it all the more when, in September and October of 2015, just as our article was being rejected again and again, we thought of a new series of experiments that seemed promising to us. The three of us arranged to meet in Boston at the end of the year to take stock and work on a more complete version of our article. But, always worried about being overtaken by another research group, we still decided to mark our territory by immediately publishing what’s known as a “preprint.” A preprint is a temporary version of a scientific article that is made public before the article has been peer reviewed by a journal. This means that the results haven’t yet been rigorously verified by independent experts and they must therefore be approached with caution. Certain sites, such as arXiv.org, specialize in making preprints available online. The purpose of these preprints is to give the scientific community access to recent advances without waiting for the long process of verification and publication in a specialist journal. And since the preprint’s publication date is recorded, like that of a patent, it allows a group of scientists to claim a finding without waiting for its final publication.

Preprints are intended for specialists who are capable of evaluating the soundness of their findings, and not for journalists who should wait until the findings have been verified by experts. The broader public never hears about them, generally speaking. But this time, things didn’t happen as expected.



 



7

“PROGRAMMED TO KILL”
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The MIT Technology Review is a venerable institution. This magazine, founded in 1899, is published every two months and offers its readers reporting on and analysis of recent technological innovations.1 It also contains a column that is unique and very niche: “Emerging Technology from the arXiv” explores preprints that have recently been uploaded to arXiv.org in order to discover new ideas that might be interesting to readers.

On October 22, 2015, we discovered that the MIT Technology Review had dedicated an article to our preprint, with the provocative title “Why Self-Driving Cars Must Be Programmed to Kill.”2 The article is short and striking. In it, the authors strangely refer to us as “these guys,” or “Bonnefon and a couple of pals.” The ethical dilemma of autonomous cars is posed clearly, our findings are summarized effectively, and our work acquired a certain cool and mysterious aura.

In forty-eight hours, the winds had changed. It started on social networks: our Twitter feeds were flooded with references to the Tech Review article. Friends wrote to us saying that debates about our work were raging across their Facebook feeds. Iyad’s brother showed us a Facebook post about it that had already accumulated twelve thousand comments. The next day, we started to receive requests from print publications and the radio. To give credit where credit is due, the first media outlet to contact us was neither the New York Times nor the BBC, nor any national newspaper, but Ouest France, a local French newspaper. Interview requests piled up and we were puzzled. It wasn’t that we didn’t know the drill. All three of us had spoken to journalists about our own research in the past, but never about findings in a preprint. We knew how to communicate about valid findings that had been verified and vetted by the process of publication, but we didn’t know how to talk to the public about work that was ongoing.

Many scientists are wary of the press. The findings described in a scientific article are often complex, contextualized, and nuanced. Their formulation is the result of long negotiations among authors, independent experts, and the editors of a journal, in order to minimize any ambiguity. In other words, the conclusions cannot be easily summarized in a catchy phrase, but that’s what a lot of journalists are looking for. Both scientists and journalists do their best in their professions, but the different constraints applied to them sometimes mean that they’re like cats and dogs. And that’s when the findings are sound and verified! In our case, we didn’t even know, from an ethical point of view, if it was permissible to describe findings to the media that were not validated by a scientific journal. After soliciting opinions from our employers and university press offices, we decided to do interviews, being careful each time to explain the difference between a preprint and a scientific article.

This brief fame wasn’t unpleasant, but the real benefits lay elsewhere. In one week, we read thousands of anonymous comments on our initial findings, made a list of the questions most often asked by journalists, and received numerous messages from researchers who shared their reactions with us. With all of this material in our possession, and even more new data we had just collected from ongoing experiments, the final version of our article materialized before our eyes, along with its central idea: the social dilemma of self-driving cars.


NOTES


	1. See https://www.technologyreview.com/.


	2. Emerging Technology from the arXiv team, “Why Self-Driving Cars Must Be Programmed to Kill,” MIT Technology Review, October 22, 2015.
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THE SOCIAL DILEMMA


[image: ]
Until this point, our findings had seemed inconclusive. People wanted self-driving cars to be able to sacrifice their passengers to save the greatest number of pedestrians, but they themselves didn’t want to buy a car that could sacrifice them. And so? Thanks to all of the comments elicited by our preprint, we now understood that this situation corresponds perfectly to what economists call a social dilemma. Its formal definition draws on intimidating notions like the Nash equilibrium and Pareto optimality, but in essence a social dilemma refers to a situation in which individuals have the choice between a “cooperative” act X and a “selfish” act Y, where:


	It is clearly preferable to live in a world in which all individuals do X than in a world in which all individuals do Y. In other words, no one wants to live in a world where everyone is selfish.

	All individuals benefit, however, by acting in a selfish way. In other words, whatever others may do, I always prefer to live in a world in which I do Y than in a world in which I do X.



Think about taxes, for example. Imagine that, starting next year, taxes and deductions of all kinds were entirely abolished. No more sales tax, no more social security contributions, no more direct deductions or contributions of any kind. Of course, that would also mean that all public services would disappear. No more schools, hospitals, police, firefighters, or road maintenance; no more pensions or social assistance. Unless you have particularly radical political opinions, I’d guess that you would prefer to live in a world in which taxes existed and everyone paid them according to their income rather than in a world in which they didn’t exist. That’s condition 1 above.

Now imagine that, starting next year, instead of disappearing, taxes became optional. Your tax assessment would indicate the amount that you should pay, but it would be up to you whether to pay it or not. If you didn’t, nothing would happen and no one would know. Under these circumstances, the best possible world would be the one in which you didn’t pay taxes but everyone else did; you would keep your money while still benefiting from public services financed by taxes paid by the group. While we’re on the subject, note that however many people chose to pay their taxes, whether it was 1 percent or 99 percent, it would always be in your interest not to pay. That’s condition 2 above.

But the same reasoning applies to every individual! And if everyone made the selfish choice to shirk the tax collector, you, like the others, would soon awaken in the worst of all possible worlds.

The parallel with self-driving cars is striking. Imagine one world in which vehicles always made the impartial decision to save the greatest number of people. Now imagine another world in which all cars were ready to run over thirty people before endangering their passenger. If you are like the large majority of people, you would prefer to live in the former world, in which everyone wins because more lives are saved. To simplify, everyone would have more opportunities to be saved by someone else’s car than to be killed by their own. But every individual is faced with the selfish temptation to live in a society in which the other cars are impartial, but theirs isn’t. This temptation is totally understandable, like the temptation not to pay taxes if it were legally optional. Except that if we all give in, we end up in the worst possible world: one in which cars take the greatest number of victims.

In the case of taxes, the way out of the social dilemma is to make them obligatory. In fact, that’s the classic solution for most social dilemmas: you forbid the selfish action in order to enable the world that all individuals find preferable, but which is unattainable if everyone is free to make a decision. Things being what they are, you can’t resolve all social dilemmas with an authoritarian act. There has to be a balance between the collective good and individual liberty. This is the case for vaccines, for instance.

To understand how vaccination is a social dilemma, let’s go back to our two criteria and the specific example of the flu. First, would it be preferable to live in a world in which we were all vaccinated against the flu, or in a world in which no one was vaccinated? As for me, I’d rather live in the former world, and I suspect that you would, too. But being vaccinated against the flu has an individual cost, even if it’s a minimal one. You have to make an appointment with your pharmacy or doctor, or show up and possibly wait for your shot. All of that takes time. Besides, some people are afraid of shots, and others worry about secondary effects such as mild pain or having a slightly impaired immune system for a few days. All of this leads to the following problem: if you lived in a world in which everyone else was vaccinated, you would be tempted not to be vaccinated yourself. That would spare you the individual cost without any negative consequences since no one could give you the flu! But if everyone thought this way, we would fall into the worst possible situation, in which no one was vaccinated.

So do we have to resort to the authoritarian solution, that is, must the government make it obligatory to be vaccinated against the flu? In a 2017 survey, nearly 80 percent of French people said they were against such a rule.1 With such massive unpopularity, it is difficult to make a measure mandatory. How do things stand with self-driving cars? If citizens collectively prefer a society in which cars impartially save the greatest number of people, but this is impossible to achieve because of the desire of each person to buy a car that protects them, are we prepared to let the government legislate against the preferences of consumers?


NOTE


	1. Le Figaro and France Inter for the MNH (National Hospitals Mutual Healthcare Company), “Grippe: Les Français favorables à l’obligation de vaccination des personnels soignants” (Influenza: The French in favor of compulsory vaccination of nursing staff), Odoxa, January 26, 2017, http://www.odoxa.fr/sondage/francais-favorables-a-lobligation-de-vaccination-personnels-soignants-contre-grippe/.
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THE META-TROLLEY
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November 2015, Cambridge, Massachusetts. Azim, Iyad, and I were reunited for a week at MIT’s Media Lab, where Iyad had taken up residence. The Media Lab is a unique place in the world: more than anywhere else, researchers can imagine the future there, and their research on technological innovation is always accompanied by deep reflection on its social and moral implications. You’ll find some teams working on genetic enhancement while others construct the social robots of tomorrow. The Media Lab invented GPS as well as the e-ink in your e-book reader. You’ll meet artists there, and architects, and people wearing exoskeletons. Transparent walls and precipitous views onto robotics or genetics workshops give the impression that you’re visiting the Avengers general headquarters (for superhero fans), or a factory for James Bond’s gadgets (for espionage fans).

Like elsewhere at MIT, the students and researchers are strongly encouraged to develop prototypes of their new ideas. These prototypes pile up throughout the open spaces, attracting attention and curiosity. Since the Media Lab also encourages aesthetic and artistic passions, these prototypes aren’t merely intriguing, they are also beautiful. The place is open twenty-four hours per day, seven days a week, and it isn’t unusual to see it teeming with activity in the middle of the night. Students working on their theses there know they have to make use of this opportunity, and I suspect that some of them rarely leave the building. We ourselves were overcome by a sense of urgency: we rarely have the opportunity for all three of us to be together and we had to take advantage of this week. We talked constantly, at breakfast, while walking, in the Media Lab, in restaurants, and in Iyad’s penthouse—with his spectacular view of the Charles River and the Boston skyline. Our solid friendship meant we could put up with each other all day long like that.

Our new data were clear: the majority of those surveyed were opposed to the idea of a government requiring an autonomous car to sacrifice its passenger to save multiple pedestrians, even if they continued to think that this is what the car should do from a moral point of view. In fact, they were nearly as hostile to this idea as they were to the idea of a law that would require human drivers to sacrifice themselves to save others. But that’s not all. Our results also showed that if self-driving cars were required to sacrifice their passengers for the sake of the greatest number of people, their sales might fall drastically.

The implications weren’t just commercial; they were also of importance to public policy. What we had just discovered was the “meta-trolley” effect, as it’s since been called. Imagine that you’re working for the government, tasked with lowering mortality on the roads. Mathematically, and obviously, a car that is programmed to save the greatest number of people, even at the expense of its passengers, would lead to fewer deaths on the road. And so it would be your responsibility to require self-driving cars to act in this way, even if the law were unpopular. It’s your solution to the trolley problem. But what’s going to happen in that case? A large proportion of consumers will turn away from autonomous cars and continue to drive in the traditional way. Your law would only save a small number of lives because these dilemmas are a priori rare, and, at the same time, you would be discouraging a very large number of drivers from adopting a safer technology. And some of them would certainly cause fatal accidents that could have been avoided. In short, by trying to resolve the trolley problem in a way that spares more lives, you end up sacrificing a greater number. So, our results suggest that in order to save more lives, we may have to program autonomous cars … to save fewer!

This conclusion is the final touch in our article. Our new challenge was where to publish it, considering the number of rejections we received for the previous version. Customarily, you don’t send a new version of an article unless the journal has explicitly asked for it. This makes the publication process more efficient by preventing authors from submitting their article again and again to a journal that doesn’t want it and must continue sending them rejection letters again and again. But we felt we’d missed an opportunity with Science. Hadn’t the enthusiasm around the Tech Review article demonstrated the interest generated by our work, in the general public as well as among scientists and those in the automobile industry? And so we decided to explain all of this to Science in a letter requesting authorization to submit a new version of our article. Our request was approved, and after a few months of intolerable suspense, our article was accepted.1

When the final acceptance email from Science reached me, I was at the cinema with my son watching Kung Fu Panda 3. I couldn’t express my joy right away, in the full theater, but I silently savored the moment, which without a doubt will remain one of the happiest of my career. Even today, when I rewatch this move, I smile blissfully during the scene where Po the panda learns how to fall down a hill because I have a muscle memory of the happiness I experienced that day.

The publication of the article was set for June 2016. Until then, we were forbidden to speak to journalists or the public about it. But when we learned of the date, our joy turned into profound anxiety. Why? To understand, you’ll have to remain with us in Cambridge in 2015, for the birth of Moral Machine.


NOTE


	1. Three years later, I learned that this decision had been the subject of heated debate among the Science team. Our article was and still is very atypical for the journal, which generally publishes articles that revolutionize the way we think about scientific phenomena. We weren’t claiming to make that kind of contribution. Of course, in retrospect, I think that Science made the right decision to publish our article!
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THE BIRTH OF MORAL MACHINE
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On Saturday, November 28, 2015, in Cambridge, Massachusetts, Azim, Iyad, and I were having breakfast at a bakery called Flour. It wasn’t really our first choice, but we had trouble finding a place that was open. That might sound really strange for the United States, where everything is always open, but this was just after Thanksgiving, during the few days when many businesses shut down entirely. None of us is from the US, and so we continued working as if it weren’t a holiday, politely refusing invitations from colleagues to come have Thanksgiving dinner with them.

Iyad wanted to talk about his new idea for a website that would allow people to have an interactive experience of the ethical dilemmas posed by self-driving cars and to explore their innumerable variations. In the experiments we had conducted up to this point, we’d described accidents in very abstract terms: a car has a choice between killing “one passenger” or “ten pedestrians.” We didn’t give any other information besides the number of victims. If we were to describe each one in more detail—for example, “a little girl,” “an elderly doctor,” or “a pregnant woman”—would we still observe such a strong preference to save the greatest number of people?

Our data already contained one related piece of interesting information. We had presented one scenario in which a car had to choose between killing twenty pedestrians and sacrificing its two passengers: one adult and one child. In this version, we observed that the participants’ preferences were much weaker than usual, as if the life of a child counted as much as those of several adults. To explore this further, we would need to write dilemma scenarios involving characters, each of which had multiple attributes. A pregnant woman crossing against the light or three elderly men crossing when the walk sign is green? A couple of doctors in their car or a little girl on her bike? And so on. The problem is that with so many different characters, the number of possible dilemmas becomes astronomical. If we came up with a billion scenarios (and the number was fast approaching), there wouldn’t be enough people on the planet to respond to our survey.

Iyad’s idea was to provide visitors to our site with a tool that would allow them to create scenarios that they personally found interesting. In other words, they would help us devise scenarios rather than simply respond to them! This process came close to what is known as “citizen science.” In it, an appeal is made to the public to carry out a task that aids scientific research. For example, the project Journey North calls on the public to send their photos or observations about various species in order to trace their seasonal migrations.1 Similarly, the project Galaxy Zoo asks the public to look at photos of galaxies from the hundreds of thousands in the archives of the Hubble Telescope and classify their form.2 The human brain is more efficient than a computer at this task, and the descriptions collected allow the history of these galaxies to be modeled.

So, we started to think about what our website should look like. We wanted visitors to be able to interact with the map of a small town, similar to management games like SimCity, FarmVille, or Clash of Clans. They would be able to redesign the roads in it, add stoplights and one-way streets, and place the victims of their accidents, choosing from a large number of characters. These accident “maps” would then be shown to other users, who could vote for the most interesting ones. With Iyad’s permission, I’ve reproduced the very first page of the notes he took for us that day about the project, which was called “Moral Maker” at that point. I’ve also included the facing page of the notebook to show that, in addition to all of his other qualities, Iyad is a remarkable illustrator.3

[image: ]
We even considered inviting high-profile people to create whatever scenario seemed most difficult or important to them. What scenarios might a philosopher like Peter Singer, a political figure like Barack Obama, or a religious leader like the pope create?4 As you might guess, we were thinking big that morning, and it wasn’t long before our ambitions were downsized. But for the time being, we had to find someone to whom we could entrust this budding project; none of us had the time or the skills to develop a website at the intersection of moral philosophy and management games. It was an opportunity to expand our team, and to recruit Edmond and Sohan.

When we started designing what would become Moral Machine, Edmond Awad and Sohan Dsouza were a postdoc and a PhD student, respectively, both in Iyad’s Scalable Cooperation group at the MIT Media Lab. I had already gotten to know Edmond a little. Like Iyad, Edmond is Syrian, and also like Iyad, outside of his thesis he had worked on the logic of argumentation networks. Certain parts of his studies required him to analyze human behavior, and I had given him some advice on experimentation and statistics. He had impressed me with his capacity for work, and how quickly he assimilated techniques that were totally foreign to him. These qualities would be crucial because he would have to be our project manager. Despite having a wrestler’s physique, Edmond is a real sweetheart, and his unshakable calm would prove essential under pressure. I knew Sohan less well, though I’d heard that he was a stand-up comedian in his free time. More importantly, he was already experienced in web development, both for research and in the private sphere. Unexpectedly, Sohan also demonstrated a certain talent for graphic design, which had an important influence on the visual identity of the site.

During January and February of 2016, Edmond and Sohan worked to develop a prototype of our Moral Maker website. The project quickly proved to be very complex, maybe too complex. The site required a significant number of features, which made it difficult to use. We began to wonder if it was worth the trouble. More worryingly, we realized that this complexity was at odds with our principal objective, which was to attract the greatest possible number of users in order to gather more data. We consulted experts on all things viral, creators of sites and apps and designers of media campaigns on social networks, and their remarks weren’t encouraging. They warned us that fewer than 5 percent of our visitors would be sufficiently motivated to use our tool for creating scenarios, and they were pessimistic as to the probability that our site would be widely shared on social networks.

Iyad took note of all of these difficulties and suggested that we completely revise our strategy. First, we would have to step back from the scenario creation tool and simplify the website drastically. Second, we needed to re-center the project around a simpler and easier user experience: an interface presenting two possible accidents side by side that only asked the user to choose which one was preferable. We were starting all over with this new approach. That meant that we needed to choose a new name for the site: “Moral Maker” was intended for a site where the user created a moral dilemma, but it no longer fit if the platform only asked them to choose what a self-driving car should do. We came up with and then eliminated names that were more or less euphonious, such as “Moral Car,” “Moral Court,” or even “Scrupulous Car,” before we unanimously agreed on Edmond’s “Moral Machine.”

There were still two main problems to resolve. First, we had to choose an exploration strategy for all possible scenarios. It was now us and not the users who would generate the scenarios, and if we settled for creating them at random, we would never have usable data because they would number in the hundreds of millions and we would never have enough visitors to evaluate all of them. Second, we had to imagine the “mirror” we wanted to hold up to our users. One of the people we consulted who had founded a very well-known site had insisted on this point: in order for users to appreciate their experience and recommend Moral Machine to their friends, the site had to tell them something about themselves—a little like a quiz in a magazine gives you a portrait of yourself. Based on the responses given by users, the site would have to try to extrapolate some of their characteristics and present its conclusions in a playful, visual way that would make people want to share it.

After numerous exchanges, it was once again Edmond who found the solution. He realized that the two problems were actually one. We first had to identify a certain number of dimensions likely to carry weight in people’s choices. For example, the characters’ gender, age, number, and so on. We would then have to define an algorithm for generating scenarios that would allow us, in the course of collecting data, to statistically determine the respective weight of each dimension in users’ choices. Each user, after having responded to a certain number of scenarios, could compare their ranking of each dimension with the rankings given in all of the other responses collected up to that point. Since each person would only respond to a small number of scenarios, their preferences could only be calculated in a very rough way. So rough, in fact, that it was nearly certain that the user would disagree with the mirror. But the important thing was that if many (many!) people visited the site, the importance of each dimension could be calculated precisely at the level of the population.


NOTES


	1. See https://journeynorth.org/.


	2. See https://www.zooniverse.org/projects/zookeeper/galaxy-zoo/.


	3. On the walls of Iyad’s office, you can see two magnificent portraits he’s made: John von Neumann, one of the most extraordinary mathematicians of the last century, but also one of the members of the Manhattan Project, which produced the first nuclear arms; and Stanley Milgram, the psychologist who carried out what is undoubtedly one of the most famous behavioral experiments. You’ve definitely heard of it; it’s the one that showed the degree to which people would submit to an authority telling them to inflict electric shocks on another individual. I’ve never asked Iyad why he works under the watchful eyes of these two guiding figures, but I imagine that they are there to remind him at any given moment of the ethical responsibility proper to any scientist.


	4. Peter Singer, a professor of bioethics, is known worldwide for his writings on animal welfare, but he is also the greatest modern defender of “utilitarian” ethics, which seeks to always do the greatest good for the greatest number of people.
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A RACE AGAINST THE CLOCK
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At this point, we had the basic principle of Moral Machine, but everything else still had to be done and we had a due date. Our article in Science would be published on June 24, and we wanted the Moral Machine site to be operational by that date. We hoped that the article would be widely discussed in the media, and if we were ready in time, we could encourage journalists to mention the site in their review articles, giving a big boost to our project launch.

And so we had a concept and a deadline, but nothing else. We had to start by selecting our variables, that is, the different moral dimensions of the dilemmas we would present to users. If you haven’t visited moralmachine.mit.edu, I advise you to do it now. It will give you an idea of the finished product and help you understand the choices we made. We agreed to explore nine moral dimensions:


	The number of passengers: would you prefer to save the larger group?

	The gender of the characters: would you prefer to save men or women?

	Age: would you prefer to spare babies, children, adults, or the elderly?

	Health: would you prefer to save people who are in good physical shape?1

	Social status: would you prefer to spare individuals with a higher social status?

	Species: would you prefer to save humans or animals?

	Situation on the road: would you prefer to save passengers or pedestrians?

	Legality: would you prefer to save pedestrians who are legally crossing the street and sacrifice those who are crossing illegally?

	Status quo: would you prefer to do nothing, allowing your car to continue straight ahead, rather than making it change course?



The determination of these dimensions was the object of much debate among our group. Some of them were evidently necessary based on our earlier results, such as the number or age of the characters. Others were used in hopes of making the site go viral—around 15 percent of the scenarios in Moral Machine ask the user to decide between humans and animals (cats or dogs). Of course we expected users to have a very strong preference for saving humans, and dedicating 15 percent of our data to showing it may seem pointless. We made the bet that internet users would be more likely to share screenshots showing scenarios with dogs and cats, attracting new users. And that’s exactly what happened.

Some of the other dimensions may seem provocative, such as the choice between people of different social status—between executives and homeless people to be exact—or between fit individuals (joggers) and those who are less fit (overweight people). We were criticized for these choices when Moral Machine went viral. People accused us, for example, of encouraging discrimination against the homeless and the obese. We were chomping at the bit because we couldn’t explain our reasoning while the data collection was still underway. What we wanted to say to our detractors at that moment was that we wanted a good example of why people shouldn’t blindly follow our results when programming self-driving cars. We expected our data to show a bias against the homeless and we intended to use this bias as a striking example of a preference that couldn’t be followed thoughtlessly. In other words, we had chosen provocative examples precisely to guard against discrimination! But to explain that publicly while the data was still being collected would have distorted our experiment, and so we remained silent. I’ll come back to this point later.

Other people criticized the absence of certain characteristics, such as race or religion. Again, that was deliberate: we were afraid that groups hostile to certain ethnicities or religions would organize and come en masse to distort our results. We never knew if taking this precaution did any good, but it seemed necessary to us. In fact, we did observe certain disturbing behaviors among the users of Moral Machine’s “creation” mode. We were eventually able to add this function to the website, allowing users to create their own moral dilemma scenarios by dragging and dropping characters onto the road and giving them a title. Certain titles, for example, were openly racist, and we did (and still do) our best to find and remove them.

During the first months of 2016, we dedicated much of our time to the graphic design of our scenarios. At first, our characters were realistic and detailed so that they could be easily identified. Users could click a button to see descriptions, but ideally these explanations would be unnecessary and the stereotypes identifiable at first glance. Our attempts were disappointing. It became clear that the site would be more legible if the characters were pared down. Sohan helped us to take a decisive step by finding the right level of detail for the characters, and the graphic designers we’d recruited did excellent work based on his sketches. Here, for example, is how we represent the little girl, the executive, the cat, the jogger, and the pregnant woman:

[image: ]
It was also Sohan who had the idea to use a simple color code to depict the scenarios on the website: terrain elements (such as the road, curb, or road markings) are gray, the important elements in the scenario (the car, obstacles, traffic lights) are blue, and the characters are red. Making the characters red, a sign of danger, seemed like an excellent way to highlight them as potential victims. After numerous adjustments to the size of the characters and the angle from which scenes are viewed, we had a result that satisfied us.

But our work was far from finished. We had to finalize the creation mode and make it possible to comment on the scenarios, among many other tasks. And we had to do it fast: the site needed to be finalized, and then translated. One of our most ambitious objectives was to attract users from all over the world in order to examine possible cultural differences among the choices made. But to do that, Moral Machine had to be available in as many languages as possible, so as not to be limited to the Anglophone world. In the end, the site would be available in ten languages (Arabic, Chinese, English, French, German, Japanese, Korean, Portuguese, Russian, and Spanish), but not all of them were ready on the day of its launch.

One week before the deadline, Moral Machine was functional, but Edmond and Sohan still hadn’t finished the creation mode. Sohan was convinced that a few days would be enough time and he persuaded Edmond to work on it furiously. Both of them set about reprogramming the site, but by a cosmic caprice or in accordance with Murphy’s Law, their modifications made the site crash, and they couldn’t get it to work again. My two friends went seventy-two hours without sleep or success, trying to fix the problem. After searching in vain for an answer, Edmond had a flash of inspiration: since their sophisticated web searches had come up with nothing, they should use the simplest words possible instead. They were using the Meteor platform (don’t ask me to explain what it is, because I can’t), and it had crashed. And so, Edmond typed “meteor crash” into a search engine, hit “enter,” and … got a page full of images showing dinosaurs perishing under a shower of meteorites. The absurdity of the situation and the lack of sleep got the better of Edmond and Sohan, who laughed hysterically for several minutes. It was just what they needed. The two of them got a second wind and managed to solve the problem within a few hours. Finally we were ready. We immediately shared a beta version of the website with journalists who had received a press release from Science, and then we made our last preparations for the fateful day.


NOTE


	1. This dimension was the most difficult to implement. Each character in Moral Machine has to take up more or less the same amount of space on the screen (for practical reasons) and they must be easily identified at a glance. With these constraints, it was difficult to find icons for people who were in “better” or “worse” shape. After many attempts, we decided to show athletic joggers and people who were overweight.
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ZERO HOUR
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On June 24, 2016, the day our article appeared in Science, I was in Canada for a summer program organized by the University of Quebec at Montreal. The organizers had invited more than fifty specialists on reasoning (psychologists, neuroscientists, philosophers, linguists, and logicians) for a series of conferences aimed at a large group of PhD students from all over the world. My task was to explain the mechanisms of reasoning about things we consider desirable or undesirable. I knew most of the other speakers, and many of them were friends of mine. Normally, I would have listened to their presentations and enjoyed discussing things with the students between classes. But this time, I was a total diva.

Science had organized a press conference by telephone for the release of our article so that Azim, Iyad, and I could respond to the media without needing to be in the same physical location. Around twenty journalists could ask us questions and many others would listen to our exchanges without participating. The media had started asking us for individual interviews, to the point that my schedule was filled for two days. I warned the organizers of the summer program that, outside of my talk, I wouldn’t be available during my stay in Montreal, and I even pushed my luck and asked them for a quiet office where I could hold the press conference and give interviews. Fortunately, we had been on good terms for a long time, and so they knew I wasn’t a jerk …

The press conference was intense. Since Azim, Iyad, and I weren’t in the same room, it was hard for us to coordinate when answering questions. We had agreed on a rough division of labor: one of us would respond to questions about the motivation for our research, another to questions about our results, and the third to questions about their implications. But this system has its limits. Fortunately, before the conference we opened a chat window, and while each journalist formulated their question, we would quickly vote for who would respond. Only once did we not manage to decide, and a long, heavy silence followed before the Science moderator skipped to the next question.

By noon, the first articles started to appear in large international media outlets, with links to Moral Machine, which thus began to receive its first visitors. Edmond and Sohan were on an airplane en route to Washington, DC, but they were able to keep an eye on the site thanks to the onboard Wi-Fi. When the plane began its descent, they had to disconnect for fifteen minutes. Once it had landed, they turned their phones back on … and froze on the spot. Their screens were filled with notifications: missed calls, texts, internal messages from the team. All of their apps were studded with little red lights. Iyad had tried to get ahold of them by all channels. The site had crashed. Visitors were flooding in and receiving an error message. Even worse, the New York Times was threatening to remove the link to Moral Machine in their article if the problem wasn’t fixed right away!

Edmond and Sohan jumped into a taxi, but they saw nothing of the city during the forty-minute drive to their hotel. Heads lowered over their screens, phones glued to their ears, each scrambled to find a solution. Once they’d arrived at the hotel, they didn’t take the time to go up to their rooms, they just continued to work frantically in the lobby. A hack was found to deal with the emergency, so that the site would reload automatically after each crash. This solution wouldn’t last: it caused us to lose data and it didn’t hold up when there were too many users. During the following twenty-four hours, Edmond and Sohan struggled to accommodate the ever-rising flow of visitors. We couldn’t really help. Azim, Iyad, and I had been giving around fifty interviews, and the articles on our work were coming out all over the world. We were stunned by the volume of the articles and their impact on social networks. At this point, we discovered the site altmetric.com, which measures the media impact of scientific articles that have been published since 2011. Within a few days, our work had reached the top 0.01 percent of all the millions of articles counted. As a bonus, many newspapers and websites mentioned the Moral Machine site and encouraged their readers to visit it in order to further explore the dilemmas of self-driving cars. Our hopes were becoming a reality.

In just a few days, Moral Machine had collected half a million responses, unheard of for a moral psychology experiment. We were all relieved. Even if things stopped there, we could already write a new article based on an unusually large data set. But we really didn’t imagine what would happen next …
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VIRAL


[image: ]
The visitor counter quickly spun out of control. We realized that a large amount of our traffic was coming from YouTube: many people were filming themselves while playing Moral Machine and sharing their uncertainty at the dilemmas the site generated. Since the dilemmas change with each visitor (there are many millions of them, even though they are often variations on the same theme), each video is different. To this day, there are hundreds, perhaps thousands of these videos with more than twenty million collective views! One night, one of them attracted so many visitors to our site that our servers had a hard time keeping up: the YouTuber PewDiePie (maker of videos and comedy who had tens of millions of subscribers at the time) had just posted a video titled “AM I A GOOD PERSON?” showing himself responding to Moral Machine’s questions.1

But nothing was comparable to the day when Moral Machine made the front page of Reddit. Hundreds of millions of users gather on this forum each month, making it one of the world’s ten most visited sites. It is divided into more than ten thousand sub-sites, each with a particular theme, such as r/SelfDrivingCars for self-driving cars, or r/MCU for Marvel films. When a user posts a comment, others can give it upvotes (if the content is interesting) or downvotes (if it’s not). If a comment receives very, very many upvotes very quickly, it has a chance of ending up on Reddit’s homepage, what it touts as “the front page of the internet.”

The day that Moral Machine reached Reddit’s homepage, half a million visitors swarmed our site, and … we weren’t ready for them. Not only did we not have enough bandwidth for so many users at the same time, but the database we had reserved to record user responses filled so quickly that it came dangerously close to capacity. Edmond and Sohan realized that we were close to losing hundreds of thousands of visitors and millions of responses because we hadn’t reserved enough resources. The solution, of course, was to buy emergency bandwidth and memory—but research funds can’t be used in emergencies. They have to be reviewed and authorized by the responsible administrators, passing through a complex chain of signatures. In France, ordering a simple computer could take several weeks … Of course, we were at MIT, where the delays are shorter, but even at MIT it is impossible to free up thousands or tens of thousands of dollars in under an hour. I would like to be able to tell you how Edmond and Sohan achieved the impossible, but I’m not sure what miracle they worked to get Moral Machine back on its feet that day and they want to keep it a secret.

Considering the success of Moral Machine, we received a lot of unsolicited feedback. Many users wrote to us spontaneously with comments, but especially with critiques. For example, many of them wished that we had included what seemed to them the best solution: the car could brake, killing no one. They’re right, of course; that would be the better choice, but it would defeat the purpose of the experiment. Others, as I’ve already mentioned, were offended by the scenarios where they had to choose between killing a man or a woman, or a jogger and an overweight person. Those factors, they said, shouldn’t be taken into consideration. Some people, on the other hand, were surprised by the lack of certain criteria such as ethnicity or religion. As I’ve explained, we had decided very early on not to include these dimensions because we were afraid they would incite misconduct. But it was the random generation of scenarios that made some visitors angry. I still remember the indignant email from a user who had been asked to choose between the life of a homeless person and those of two dogs! This user was shocked that we considered this question interesting or difficult. Actually, we didn’t, but since one scenario out of thirteen is chosen entirely at random, anything can happen, even the most absurd dilemmas. (The other twelve scenarios are chosen semi-randomly, in that they are random variations around a theme, such as saving younger lives.)

The most frequent critique we received was actually not related to the scenarios at all but the “mirror,” that is, the page where Moral Machine calculates the preferences of the user based on their responses to thirteen scenarios. This exercise is futile because it would require hundreds of questions to precisely estimate the preferences of an individual. Imagine, for example, that one of the scenarios required you to choose between continuing straight and running over three elderly men crossing against the light or swerving and killing a little girl crossing while the light is green. Let’s look at the case in which the user chooses to run over the three elderly men, as in the image above.
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Multiple factors could explain their choice. The user may have wanted to save the child, or they may have been influenced by the color of the traffic light, or they may have simply preferred to continue driving straight. When Moral Machine tries to guess the preferences of a user based on this scenario, it will have to assume a slight preference for continuing straight, for saving people who cross when the light is green, and for sparing children. But it will also assume a strong preference for not running over women, since the user just sacrificed three men. Thus it is possible that Moral Machine might tell the user they are biased against men, even though this factor may have played no role in their decision!

When we analyze millions of responses, we can much more precisely evaluate preferences at a population level using statistical techniques. But we cannot calculate the preferences of an isolated individual based on so few responses, and so the mirror is very often distorted—which annoys visitors. Many of them wrote to us to describe very precisely the rules they followed when responding, and how they differed from what was calculated by the mirror. That gave us an idea: why not allow users to correct the mirror directly on the site? And so we added a feature that allowed everyone to tell us the relative importance that each dimension explored in Moral Machine really had in their decisions.

But very quickly we were no longer able to respond to the users, or even to read all of the emails we received. By January 2018, eighteen months after launching Moral Machine, we had received forty million responses from two hundred countries. And so we decided to write an article analyzing all of these responses and what they reveal about individual moral preferences, as well as their cultural variations. When this book is published, we will probably be close to having received 100 million responses. But let’s stay in 2016 for the moment.

By putting a spotlight on our work, the success of Moral Machine also put us in the crosshairs of critics, who essentially had two concerns:


	Our work draws government and industry attention to a problem that is not pressing, which could cause money to be wasted.

	Our work needlessly frightens the public, which might turn them away from self-driving cars, and might in turn cost lives.



The first concern is sometimes expressed by academics, particularly those who have worked for many years on the ethics of machines. They’re a little irritated to see newcomers getting all the attention, and we understand that we have to be exceedingly humble in order to be forgiven for our rapid fame. But the foundation of their critique remains: manufacturers of self-driving cars must prioritize avoiding dilemmas, not resolving them. It would be better if engineers spent their time making vehicles safer rather than debating moral decisions. Large automotive manufacturers shouldn’t invest less in safety because they’ve used up their resources on research into morality.

Even if this reasoning is logical, it’s not plausible that manufacturers of self-driving cars would decide to sacrifice the security of their vehicles in order to immerse themselves in moral philosophy. I’m not well informed on the budgetary decisions of large automotive firms, but it seems likely that, in the resources allotted to questions of safety, the portion devoted to moral questions would represent an infinitesimal fraction; the automobile industry isn’t known for pouring its money into philosophy.

A more realistic situation might be a government that forced automotive manufacturers to develop a costly technology that had no purpose other than solving dilemmas. For example, the authorities in a country could decide that in case of a dilemma, vehicles would always be required to save the larger group of people. That would imply that the cars can precisely count pedestrians. Counting the approximate number of people in a group isn’t difficult for a machine; what is difficult is to count without making a mistake in any situation, including at sunset when snow is falling—a scenario that would make the work of the sensors more difficult, increasing the risk of error. Adding this feature to self-driving cars would require time and money, and that could delay their release and increase their cost for the consumer. The longer autonomous cars take to develop, the more expensive they will be, and the fewer lives they can save. Consequently, a government intervention designed to save lives in the long term could cost lives in the short term.

As researchers, there wasn’t much we could do about this criticism. My colleagues and I took the second concern particularly seriously, however: by drawing everyone’s attention to dilemma situations, we might worry the public, possibly causing them to reject self-driving cars. That’s not entirely improbable. Of course, dilemma situations are extremely rare, but our minds can play tricks on us: the easier an event is to imagine, and the more it evokes a strong emotional reaction, the more we tend to overestimate its frequency.2 Dilemmas involving self-driving cars are easy to imagine and can be emotionally disturbing. By encouraging so many people to think about them, might we also be causing them to distrust self-driving cars?

In order not to remain in the dark about this possibility, we collected data that was both experimental and correlational. In other words, we carried out two tests.3 In the first, we showed participants several dilemmas involving self-driving cars, then measured their opinions and emotions toward the cars, and verified that this was the first time anyone had talked to them about such dilemmas. In this way, we could test the effect of their first exposure to dilemmas. In the second test, we asked other people if they had already heard about moral dilemmas involving self-driving cars, and, if so, how many times. We also asked them questions about their opinions and emotions toward these vehicles. In this way, we could evaluate the effect of repeated exposure to dilemmas. Our results showed that neither the first exposure to dilemmas nor repeated exposure led to fear of self-driving cars. Put simply: people aren’t afraid of dilemmas, even if they don’t like all of their solutions.

Critiques of our work, as we’ve seen, tend to speculate on its (negative) effect on the world of industry or politics. For researchers in the social sciences, these worries can seem misplaced—we’re so often criticized for not having enough impact on the worlds of money and power! We ourselves were not convinced that our work, as popular as it is, could influence discourse in industry or politics. That discourse, however, was about to change.


NOTES


	1. PewDiePie, “AM I A GOOD PERSON?,” YouTube, June 14, 2017, https://www.youtube.com/watch?v=BGi17Tw_zYQ.


	2. A. Tversky and D. Kahneman, “Availability: A Heuristic for Judging Frequency and Probability,” Cognitive Psychology 5, no. 2 (September 1973): 207–232; M. L. Finucane et al., “The Affect Heuristic in Judgments of Risks and Benefits,” Journal of Behavioral Decision Making 13, no. 1 (March 2000): 1–17.


	3. J.-F. Bonnefon, A. Shariff, and I. Rahwan, “The Moral Psychology of AI and the Ethical Opt-Out Problem,” in The Ethics of Artificial Intelligence, ed. S. M. Liao (New York: Oxford University Press, 2019).
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MERCEDES-BENZ VS. BARACK OBAMA
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Before the publication of our work and the launch of Moral Machine, automotive manufacturers didn’t venture to communicate about the ethical dilemmas raised by self-driving cars, and we understand why, since they had nothing to gain by taking a position on these questions. Nor had politicians or regulators taken up the subject. In September 2016, however, we felt the first tremor. The US Department of Transportation published a document enumerating the requirements that automotive manufacturers had to fulfill to prove the safety of their self-driving cars. Criterion 1 required them to specify vehicles’ operational domain (e.g., in what situations would automatic driving be engaged) and criterion 10 required them to specify how vehicles would be protected against cyberattacks. But it was criterion 14 that drew our attention in particular. Entitled “Ethical Considerations,” it asked automotive firms how vehicles would resolve ethical dilemmas on the road. The document was extremely vague on the exact nature of these dilemmas and the type of explanation that the manufacturers had to provide, but criterion 14 was the first sign that authorities had started to seriously consider the ethical dilemmas of self-driving cars.

Another signal would arrive soon after that, in November 2016, from none other than Barack Obama. In an interview with the magazine Wired, recorded during the summer but released after the election of Donald Trump, the then-president of the Unites States was questioned about the great challenges posed by artificial intelligence.1 The conversation was oriented toward the place of moral values in AI. Obama evoked what he called a “classic problem” in this domain: if a self-driving car can save the lives of pedestrians by sacrificing its driver, what should it do? Who should establish the rules to be followed in such a situation? In a portion of the interview that wasn’t transcribed (but is available in the complete video version2), he specifies that, for him, a consensus would be necessary to come to a decision about these questions. In other words (or at least this is how we interpret it), these decisions cannot be totally left to automotive manufacturers, nor to regulators; it will be necessary to get the opinion of everyone on the road, including pedestrians.

If automotive manufacturers weren’t ready to heed the necessity of such a consensus, the misadventure that befell Mercedes-Benz served as a cautionary tale. On October 7, 2016, during the Paris Motor Show, Christoph von Hugo, a senior executive at Mercedes-Benz, gave an interview to the magazine Car and Driver.3 A passage from this interview spread like wildfire. Von Hugo cited the passenger-pedestrian dilemma, and the magazine quoted him as saying: “If you know you can save at least one person, at least save that one. Save the one in the car.… You could sacrifice the car. You could, but then the people you’ve saved initially, you don’t know what happens to them after that in situations that are often very complex, so you save the ones you know you can save.”4 What von Hugo seems to be saying is that, in general, the car can calculate the trajectory that will save its passengers with reasonable certainty, but it would be much more difficult to predict what would save pedestrians because their actions are unpredictable or because another vehicle might be about to strike them. The dilemma thus becomes whether to act with the certainty of saving the passenger and sacrificing the pedestrians, or act with the certainty of sacrificing the passenger but without the certainty of saving the pedestrians. Once the dilemma is reformulated in this way, the approach to adopt would be to save the passenger and sacrifice the pedestrians.

This reasoning is not completely unreasonable, and it would have been worth exploring more deeply but within a few days, there was pandemonium in the press and on social networks. Revolt was in the air. A headline on one website read: “Mercedes Answers Autonomous Car Moral Dilemma: Yeah, We’ll Just Run Over Pedestrians (Chances Are that They’re Peasants Anyway).”5 And the Daily Mail went even further: “Mercedes-Benz Admits Automated Self-Driving Cars Would Run Over a CHILD rather than Swerve and Risk Injuring the Passengers Inside” (uppercase in original).6

Mercedes crashed headlong into the contradiction revealed in our first results: as customers, we prefer cars that save passengers, but as citizens, our moral preference is for vehicles that spare the greatest number of people, and we’re shocked by a car ready to save its own passengers at any cost. The fact that Mercedes is perceived as a luxury car brand didn’t help, giving the impression that their rich owners could buy the right to survive at the expense of others.

All of this was very bad for Mercedes, even more so if you consider that the market for autonomous or semi-autonomous cars is still minuscule. The idea that Mercedes would privilege the lives of their passengers could, theoretically, lead to more sales of their autonomous cars. But these cars aren’t on the market yet, whereas the bad publicity around von Hugo’s declaration is very real.

On October 17, 2016, ten days after von Hugo’s interview in Car and Driver, Daimler AG (owner of Mercedes-Benz) formally denied that its cars would be programmed to always save their passengers. Von Hugo’s comments were either misunderstood or poorly transcribed, representatives explained. Their official position is basically:7


	Neither our programmers nor our cars are authorized to choose one human life over another. What’s more, that would be illegal.

	Our priority is to avoid dilemmas completely, not to resolve them.

	We do not make decisions in favor of passengers. Our guiding principle is to provide the highest level of safety to everyone on the road.

	Resolving dilemmas would require a large international debate in order to find an acceptable consensus. We will implement the solution that is both legal and socially acceptable.



Thus, the possibility to decide unilaterally between the safety of passengers and that of pedestrians, or even to decide if the car will save five pedestrians rather than two, is no longer on the table. Daimler’s position is clear: the job of automotive manufacturers is to minimize the number of accidents, not to resolve thorny moral dilemmas. Note, however, the final words of the fourth point: like Obama, Daimler insists that the programming of its cars must be socially acceptable. In other words, the public must have their say in the resolution of ethical dilemmas involving self-driving cars.

The necessity of public participation may seem obvious. Since the algorithms used by self-driving cars could affect all of us, the choices made by manufacturers or those made by politicians to define the constraints imposed on manufacturers also affect everyone. Yet, the first attempt to establish a moral code for autonomous cars didn’t leave any room for citizens’ opinions …


NOTES


	1. S. Dadich, “Barack Obama, Neural Nets, Self-Driving Cars, and the Future of the World,” Wired, November 2016.


	2. Wired, “President Barack Obama on How We’ll Embrace Self-Driving Cars,” October 12, 2016, YouTube video, 8:37, https://youtu.be/P31Fl8bRqUY.


	3. M. Taylor, “Self-Driving Mercedes-Benz Will Prioritize Occupant Safety over Pedestrians,” Car and Driver, October 7, 2016.


	4. In this context, it seems clear that “the people” are pedestrians (or perhaps also the passengers of another car).


	5. K. McCarthy, “Mercedes Answers Autonomous Car Moral Dilemma: Yeah, We’ll Just Run Over Pedestrians (Chances Are that They’re Peasants Anyway),” The Register: Biting the hand that feeds IT, October 12, 2016.
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THE CODE OF BERLIN
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In September 2016, the German government took a novel step. It formed a national commission on the ethics of autonomous driving, and one of its missions was to formulate recommendations for how self-driving cars should resolve ethical dilemmas in the case of an inevitable accident—in other words, how to resolve “trolley problems.” This commission had less than a year to come to its conclusions, and its members, who had many other obligations, had few opportunities to meet physically. They faced a considerable challenge, since philosophers have been debating these problems for decades!

The composition of the commission is interesting because it gives an idea of who, according to the German government, has a say in the matter. The commission had fifteen members:


	eight professors of law, ethics, or engineering

	two representatives from the automotive industry

	two representatives from the judiciary

	the president of an association for consumer protection

	the president of the General German Automobile Club

	a Catholic bishop



What do you think of this composition? A few things jump out for me. First of all, the presence of a Catholic bishop, which would be unthinkable in my home country of France, and especially his presence as a religious dignitary, which seems to indicate that the Church has a particular moral authority in the eyes of the state. What’s more, the presence of a single religious dignitary seems to give the Catholic church moral primacy over other religions.

Also note the representation of an association for consumer protection, as well as the Automobile Club. One assumes that their two representatives would defend the interests of people who buy and use cars. But who plays a comparable role for others on the road, such as pedestrians and cyclists? Of course, it is easier to find a representative for car drivers at a national level than to find a representative for pedestrians, who aren’t organized in an association (to my knowledge). But maybe a different logic is needed: instead of seeking out representatives or defenders of diverse categories of people on the road, why not carry out surveys to learn their preferences and then inform the commission? Why not invite specialists on behavior and preferences to be part of this commission: psychologists, economists, sociologists, or anthropologists, for example?

The absence of behavioral specialists on the German commission reflects its normative approach to the ethics of self-driving cars. In other words, the formation of this commission was more about entrusting the elaboration of ethical rules to specialists than about consulting people who use roads and who live with the consequences of these rules. Of course, there is nothing wrong with trusting well-informed specialists, but it is unfortunate that citizens were not given an opportunity to voice their preferences, especially when the specialists disagreed. And, in fact, the German commission did have difficulties formulating certain recommendations, as we’ll see.1

I won’t comment here on the commission’s entire report, but instead concentrate on the parts of the document concerned with ethical dilemmas such as “saving the passenger or pedestrians” or “sparing one child or two adults.” In the report, the rules numbered 5, 7, 8, and 9 deal with these dilemmas in particular.

Rule number 5 repeats, and it cannot be said enough, that the best solution to an ethical dilemma is to avoid the dilemma in the first place. That means maximizing the safety of cars by limiting to the greatest degree possible the situations in which the car cannot save everyone and therefore must choose whom to save. The commission noted, however, that dilemmas cannot be completely avoided, and elaborated on their deliberations in the following rules.

Rule number 7 starts by establishing that in the case of a dilemma, human life has priority over non-human life and material damages. This means that autonomous cars should be ready to run over any number of cats and dogs if it will save even a single human. It also means that self-driving vehicles should be ready to cause any amount of material damage, however considerable it might be, to save a single human life. That may seem reasonable to you. After all, without this rule, it would be necessary to set a financial value X for a human life, so that cars would kill a human before causing X dollars’ worth of material damages. And we don’t want to put a monetary value on human life, do we?

Well, in fact, we do it every day. When a government spends public money in order to save lives, it has to ask a sinister but necessary question: how much is a life worth? This question is necessary because public money is limited in quantity. The amount invested in making roads safer, for example, is not spent on constructing schools. Decisions have to be made, and it’s necessary to have an idea of the sum that one can legitimately spend in the hopes of saving ten, one hundred, or one thousand human lives.

But how much is a human life worth? In France, a life is worth about three million euros.2 That means that if some road construction project hopes to save ten lives, it is legitimate to spend thirty million euros to complete it. In the United States, a life is worth nearly three times more, almost ten million dollars.3 Why is an American life three times more valuable than a French life? Who decides? All of us do, actually, but only implicitly. The “value of a statistical life” (that’s the technical term) is calculated based on our daily behavior, or, more precisely, based on (a) what we are willing to pay to reduce our risk of dying and (b) what we demand to be paid to accept increasing our risk of dying. Imagine, for example, that I buy a smoke detector that will reduce my chances of dying in a fire by 0.1 percent. I pay five hundred dollars for this detector. By cross multiplying, you can calculate that I value my life at five hundred thousand dollars minimum. Now suppose that someone offered me a mission that increased my risk of death by 1 percent, in exchange for twenty thousand dollars. If I accept this offer, cross multiplying allows us to imagine that I estimate the value of my life to be less than two million dollars. If you now collect all of the decisions of this type made by the French population, little by little it is possible to specify what seems to be the value of a statistical life on a national scale in France, and you arrive at an approximate value of three million euros. But the same exercise with the American population results in ten million dollars.

The German ethical code goes even further than the United States, placing no limit on the value of human life. Rule number 7 advises that self-driving cars should be programmed such that any material damage is preferable to endangering a human life. Of course, in the context of a car accident, it is difficult to imagine material damages exceeding three, five, or ten million dollars; thus, one may consider that in this limited context, it isn’t necessary to pose the question of the financial value of a human life.

Up to this point in the report, things are relatively simple: saving human lives is more important than saving objects or animals. But what should be done when the choice is between one human being and another, or between two groups of people?

The commission begins rule number 8 with a warning: legal decisions applied to the actions of a human driver in a dilemma situation cannot be applied to the dilemmas of self-driving cars. This requires an explanation. If a driver swerves in an emergency situation and kills a pedestrian in order to save a larger group of pedestrians, that person has acted illegally; however, they probably would not be convicted by a court. The judge would take the special circumstances of the accident into account, the fact that everything happened in a fraction of a second, and might decide that the driver isn’t guilty. The commission did not believe that this type of judiciary decision should be systematically applied to the programming of self-driving cars. Our justice system is made for human brains, which are slow, weak, and unpredictable, and not for high-powered robots. But then how should the cars be programmed? Unsurprisingly, the commission had a very hard time agreeing on a solution. It nevertheless offered three conclusions in rule number 9.

First, the rule recommends that it should be absolutely forbidden to take individual characteristics (such as age, gender, physical or mental condition) into account when choosing victims of an accident. Privileging the lives of children is out of the question, then. That’s taking a strong position, and not a self-evident one. In other areas, such as organ transplants, it is accepted that young children should be prioritized; there, however, this priority can be justified by medical arguments, for example, because there is less chance that an organ of the right size will become available for a child, or because of their increased risk of developing chronic diseases if they don’t rapidly receive an organ.4 The German commission’s position is understandable, though, and I imagine it was founded on fears of a slippery slope: let’s suppose that under the pressure of public opinion, cars were permitted to prioritize children. That amounts to accepting that all lives are not equal, and what happens once that door is opened? Are we headed for a dystopia in which each citizen is scrutinized, graded, and given a score that determines their probability of being saved? Rather than risk opening the door to that future, the commission decided on the strictest possible position: no distinction can ever be made between two individuals.

Second, if all lives have the same value, it would seem logical that two lives are worth more than one. And, a fortiori, that three lives are worth more than one, and that five lives are worth more than two, and so on. And so one could expect the commission to recommend that the cars be programmed to save the greatest possible number of people. But ethics is more complicated than mathematics, and the members of the commission were not able to agree on this question. They settled for noting that such programming “may be justifiable.”5 So what should be done? Let the automotive manufacturers decide? They aren’t exactly eager to shoulder this responsibility. Governments? They don’t know the preferences of their citizens (yet).

The members of the German commission didn’t leave the subject entirely untouched. Their third conclusion in rule 9 included a constraint: in the case that cars are programmed to save the greatest number of people, “Those parties involved in the generation of mobility risks must not sacrifice non-involved parties.”6 This difficult-to-interpret phrase merits closer inspection. The problem, of course, is how to define what is meant by “involved.” The intuition behind this rule is that it would be unjust to run over someone who seems to have nothing to do with the accident. Take someone sitting peacefully outside of a café enjoying the sun. A couple suddenly crosses the road, running in front of a self-driving car. Should the vehicle turn abruptly and swerve onto the sidewalk in front of the café to avoid hitting the couple crossing the road? This decision makes people uncomfortable because it seems unfair to the café customer, who had nothing to do with the accident and no reason to worry about traffic.

Things get difficult when you try to formalize this feeling into a precise definition.7 One possibility is to use a counterfactual criterion. The following question is asked for each individual involved in the scenario: if the car had done nothing, would this person have been affected? If the response is yes, then this person is involved. If the response is no, they are not. According to this criterion, the couple crossing the road is implicated, but the café customer is not, and so you cannot sacrifice the café customer to save the couple. The problem with this criterion is that it amounts to saying that the car can never, or almost never, do anything in the case of a dilemma. Most dilemmas take this form: if the car goes straight, it will injure group A; if it changes direction, it will injure group B. The counterfactual criterion requires the car to go straight, that is, to do nothing.

There are moral dilemmas for which the counterfactual criterion could recommend action rather than inaction, but they don’t really involve self-driving cars. The dilemma of the crying baby is one such example: ten people are hidden in a basement while enemy soldiers search the house above them.8 If they are discovered, all of them will be executed. One of them is a baby, who starts to cry. Someone puts their hand over the baby’s mouth to muffle the cries. If the baby is allowed to cry, everyone will be discovered and killed, including the baby. If the baby’s mouth is covered with a hand to muffle the cries, the baby will die of asphyxiation, but no one will be discovered. What should be done? This dilemma is horrible but it has an important facet. If nothing is done, the baby will die. Therefore, according to the counterfactual criterion, the baby is “involved,” and their sacrifice is not forbidden. This is not to say that it is required, it is simply permissible according to a particular ethical argument.

It is difficult to find an analogy to this dilemma in the context of self-driving cars, but I’ll give it a try: a self-driving car is about to strike a reserve of highly explosive liquid. If the car does nothing, the explosion will kill its passengers and ten nearby pedestrians. The only way to avoid this catastrophe is to change direction and strike one of the ten pedestrians, who would die immediately. In this example, the pedestrian will die even if the car does nothing. They are therefore “involved” according to the counterfactual criterion, and sacrificing them is not forbidden according to rule number 9. But this scenario is so improbable that you might ask if the counterfactual criterion is really of any use.

There is another definition of the term “involved,” one which uses an epistemological criterion, that is, it is based on the mental states of the potential victims of the accident.9 It consists of posing the following question: could an individual legitimately suppose themselves to be safe where they are, not at risk of being injured by a car, or have they voluntarily placed themselves in a situation involving road traffic, which requires them to be aware of its dangers?

In practice, this criterion serves to protect people who aren’t on the road. If you are walking on the sidewalk, the car doesn’t have the right to hit you, even if it would mean saving ten people. But if you cross the road, you’re no longer protected. The problem is that it’s very easy to imagine complicated cases. What happens if you follow a crosswalk and the light is red for cars? Does that mean that you can legitimately think you’re safe, that you therefore aren’t “involved,” and that you cannot be sacrificed? Or should we consider that you voluntarily put yourself in a traffic situation, which requires you to be aware of danger, and that you therefore are “involved” and could be sacrificed? And what about a baby in a stroller or in a car? The baby probably feels safe and it didn’t make any voluntary decision. Should it always be considered “uninvolved” and therefore not “sacrifice-able”? It’s true that rule number 9 says the age of the victim shouldn’t be taken into account, but what should be done if age makes someone “uninvolved” and not “sacrifice-able” according to the same rule?

As you can see, it is very difficult to formulate general rules because you can always imagine problematic examples. For a commission composed of a small number of people, working on a tight deadline, considering all of these examples would have required a superhuman effort. Another issue is that all of the members of the commission were chosen from the German population. Can its conclusions be applied to other countries? Or do we suspect that a Japanese or Brazilian commission, for example, might have arrived at different recommendations?

It is precisely for reasons like these that we launched the Moral Machine project. By using the power of crowdsourcing—that is, by collecting millions of responses about thousands of scenarios from more than two hundred countries and territories—we wanted to remove the limits that restrict the work of a single commission, however expert it may be. When we read the conclusions in the commission’s report in June 2017, we rushed to compare them to the preferences expressed by the visitors to Moral Machine. But we had to be patient because our database wasn’t yet large enough. We weren’t just waiting around, though, because in the meantime we had decided to address a sizable question: how many lives should self-driving cars have to save in order for them to be allowed on the roads?
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90 PERCENT OF ACCIDENTS
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You’ve probably heard a figure that’s repeated everywhere: the great promise of self-driving cars, in the long term, is that they will eliminate 90 percent of accidents. But what crystal ball could have predicted this number? In fact, it’s based on a statistic. It is currently estimated that 90 percent of car accidents are caused by human error.1 A self-driving car that doesn’t make any human errors would therefore avoid 90 percent of accidents. QED.

Of course, this assertion assumes that all of the accidents attributed to human error could be avoided by a machine. That is certainly true in the case of accidents caused by fatigue, distraction, excessive speed, or the influence of alcohol. But many car accidents are attributed to human error in the absence of these factors, simply because no mechanical cause has been identified and the category of “human error” is therefore chosen by default.2 Besides, it is possible that self-driving cars could cause crashes that a driver would certainly avoid, by being the target of cyberattacks, for example, or simply because of a sensor failure or software bug.

The fact remains that, even if self-driving vehicles don’t deliver the dream of preventing 90 percent of accidents, they would very certainly eliminate some accidents. Imagine if the cars prevented only 50 percent, which would already be a huge number of lives saved! In fact, even preventing 10 percent of accidents would be progress. The question is therefore what level of safety we should demand before allowing self-driving cars to circulate. If we wait for them to be nearly infallible, in the meantime, we will be allowing accidents to happen that could have been prevented. But if we don’t wait for them to be nearly infallible, what frequency of accidents should we tolerate? That question was examined in a report published in 2017 by the RAND Corporation, a famous American think tank whose research seeks to improve political and economic decision-making.3 The document is based on simulations that take numerous variables into account, such as:


	Annual growth in car traffic

	The year in which self-driving cars are allowed

	The safety of self-driving cars at the time of their introduction

	The number of years it will take for all consumers to trust them

	The proportion of self-driving cars on the roads once everyone trusts them4

	The future progress of traditional cars in terms of safety

	How quickly we improve the safety of self-driving cars after their introduction

	The maximum level of safety obtained by self-driving cars



Accounting for all of these variables is complex, but it allows for responses to questions such as how many lives would be saved: if self-driving cars were introduced in 2020, when they are still slightly less safe than human drivers; assuming all consumers trusted them by 2070, allowing them to make up 90 percent of car traffic; and the cars’ progress is slow, allowing them to become twice as safe as human drivers by 2047; and car traffic increases by 1 percent per year; and traditional cars are moderately safer in the year 2070 than they are now? Answer: in this hypothetical future, 350,000 lives would be saved in the Unites States between 2020 and 2070.

By simulating hundreds of possible futures, the researchers at the RAND Corporation came to the following conclusion: to save the most lives, self-driving cars should be introduced onto the market when they are only a little safer than human drivers—for instance, once they are able to eliminate 10 percent of accidents on the road.

On the day the RAND report was published, Azim and I were in Boston working with Iyad. That evening we had dinner with an anthropologist at Harvard, Joe Henrich, whom I’ll come back to again later. I waited for Azim in front of a fireplace in the hotel lobby. We were staying in what had become our favorite hotel, a converted old fire station near MIT filled with Americana and suffused at all hours with the soothing voice of Frank Sinatra. When Azim arrived, he was worried; he had just read the RAND report and something was bothering him. The simulations were marvelous, but Azim is a psychologist and he knows that human behavior can’t easily be captured by mathematical models, however elegant they may be. He sensed that these simulations didn’t leave enough room for human irrationality. At the risk of testing the patience of the Harvard anthropologist, we settled back into the armchairs in front of the fireplace and tried to understand how human irrationality might derail the ideal future promised by the RAND report.

Imagine a world in which self-driving cars are on the market and on the road, but they’re only 10 percent safer than human drivers. What would happen? Statistically, these vehicles would have fewer accidents than human drivers, but they would still have a lot! Take a moment to imagine this possible future. You need a new car and you’re uncertain about switching to a self-driving car. They are supposed to be (a little) safer, but every day you hear about the fatal accidents they cause. What would your reaction be? You would probably ask how wise it is to trust your life to a machine like that. After all, you yourself have never caused a fatal accident (I hope), so why change anything? How could you be sure that this machine would drive better than you do, since you think that you’re a better-than-average driver?

Little by little, we started to glimpse a catastrophic scenario, which we sketched out in the following days with Iyad. This scenario starts with the commercialization of self-driving vehicles that eliminate only 10 percent of accidents. They would still have a lot of accidents, nearly as many as human drivers. The crashes would draw a lot of attention, more so than those involving drivers. Consumers uncertain of whether to buy an autonomous car would have to weigh two considerations against each other: the safety of these cars versus how safe they themselves are as a driver. They would underestimate the former because they would constantly hear talk of accidents involving self-driving cars, and they would overestimate the latter because 80 percent of people believe they are better-than-average drivers—we’ll return to this in chapter 19, “Who’s Afraid of Driverless Cars?” The result would be that no one, or nearly no one, would want to ride in a self-driving car, and the ideal future described in the RAND report would never come to be.

This scenario is based on many hypotheses that remain to be verified. We are faced with numerous unknowns. We don’t know if accidents involving self-driving cars would be higher profile than those caused by traditional vehicles. We don’t know if those crashes would lead the population to doubt the official level of security for autonomous cars. We don’t know if people would refuse to adopt self-driving cars because they overestimate the safety of their own driving. And that’s not to mention the greatest unknown: how to compare the safety of self-driving cars to that of drivers, in order to affirm, for example, that they can avoid 10 percent of accidents. This bears explanation.

How would you go about comparing the frequency of accidents involving self-driving cars and those involving conventional vehicles? On the surface, the answer is simple: count the accidents involving each kind, divide them by the number of miles driven, and compare the results. Easy to say, but very complicated in practice, and not necessarily reliable. The first problem with this method is that it gives too great an advantage to self-driving cars, on at least three accounts: the skill of the people behind the wheel, the general technical quality of the vehicle, and the driving conditions.5

First, self-driving cars are not completely driverless when they are road tested. In general, an operator sits behind the steering wheel in case they need to take control. This person is a better-than-average driver (it’s their job) and they have every reason to be particularly vigilant. In the case of Tesla cars driving in “autopilot” mode, even though the person behind the wheel is simply whoever bought the car, not a professional operator, Teslas are very expensive and their drivers are generally over forty—an age at which people get into accidents less frequently.6 Overall, people in self-driving cars are at less risk than average drivers of traditional cars, and that may lower their number of accidents for reasons that have nothing to do with how the cars are programmed.

Besides, putting their autonomous driving features aside, self-driving vehicles are very recent models, nearly new, and they benefit from the most advanced technology. Their safety is therefore very difficult to compare to that of traditional cars on the road. Consequently, again, they may have fewer accidents for reasons that have nothing to do with their programming—but everything to do with being equipped with more recent, higher-performing brakes than the average car, for example.

Finally, self-driving cars are often road tested under privileged conditions: during daytime and in good weather. Few are evaluated at sundown, on mountain roads, when snow is falling … In addition, certain models such as Waymo’s self-driving car (often known as the “Google Car”) are easily recognizable, and drivers who spot them may be more cautious when they realize that they’re next to a vehicle without a driver. The conditions these vehicles drive in are thus more favorable, which skews the comparison even further in their favor.

For all of these reasons, you cannot compare the rate of accidents for self-driving cars to the rate for all conventional vehicles. It would have to be calculated in relation to the rate of accidents for recent cars, with experienced drivers, under favorable conditions. It’s more complicated, but doable. This doesn’t resolve another much more problematic issue, however: how many miles do autonomous cars have to accumulate before a comparison with conventional cars is statistically reliable?

Let’s take a simplified example to get a feel for the problem. Imagine that you wanted to test whether, in a middle school, the girls raise their hands 10 percent more often than the boys. Each class has forty students, twenty girls and twenty boys. The students have a high rate of participation: during each hour, around thirty students raise their hands. With a little statistical sorcery, you can calculate how much time you would need to spend observing the class before you had enough data to test your hypothesis. In this case, around forty hours would be enough—in other words, a bit more than a school week if you observe just one class, or one day if you have five classes available.

These conditions, however, are very favorable. The students raise their hands often, and there are as many boys as girls, which means that every hour you can amass a wealth of useful observations. Now imagine less favorable conditions. In each class there are thirty-nine girls and only one boy, and the students don’t participate much: on average, two students raise their hand during each class. This means that, very often, an hour of observation gives you no information because no one raised their hand. Even worse, because there are very few boys, you are going to have to wait a very long time to gather enough information on them. How long? To test the hypothesis that the girls raise their hands 10 percent more often on average, you will have to observe the students for more than 22,000 hours, or around three school years—and that’s if you observe five classes at once.

Now, if you want to test the hypothesis that autonomous cars have 10 percent fewer accidents than conventional cars, the conditions are even less favorable. Accidents are very rare events, and luckily fatal ones are even rarer: there is around one fatality for every 100 million miles driven. And autonomous vehicles are also a rarity on the roads; to give a rough estimate, Google’s fleet only covered 1.3 million miles between 2009 and 2015. How much time would it take to prove that autonomous cars had 10 percent fewer accidents, or that they lowered the number of deaths on the road by 10 percent? The calculation is complicated, but it could be necessary to wait for autonomous cars to cover hundreds of millions or even billions of miles—which, given the number of vehicles currently in circulation, could take decades or even centuries.7 All of this means that it is very difficult to calculate with any precision the increased safety offered by self-driving cars, since they aren’t on the roads in large numbers. But it’s a catch-22: if a large number of these vehicles were on the roads, it would be because their increased safety was considered sufficient; but for that margin to be calculated, self-driving cars would have to be on the road in large numbers; and so on. In practice, this means that inventive methods must be found to estimate the safety of self-driving cars without having to observe them en masse on the roads. Brilliant minds are looking into the issue, and I trust them to devise reliable processes and indicators. Still, these indicators and processes won’t have the transparency of a simple comparison such as “conventional cars kill seven people per billion miles; self-driving cars ‘only’ kill six” (these figures are invented). The absence of such a simple, transparent comparison could sow confusion about the safety of autonomous cars when they are involved in an accident, especially if the accident is widely reported on in the media. And, as we’ll see, accidents involving autonomous cars draw a lot of attention.
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HARRY POTTER AND THE SELF-DRIVING CAR
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On June 30, 2016, one week after the publication of our article in Science, I was at the Museum of Natural History in Toulouse, France. The Institute for Advanced Study in Toulouse had rented the location for its annual party, an opportunity to say goodbye to researchers leaving the institute for other climes after having spent years among us. I was looking forward to this moment of relaxation after a marathon of interviews about self-driving cars and their dilemmas. In the museum gardens, a glass of champagne in my hand, I was basking in conversations that had nothing to do with car accidents. Just at that instant, my phone started vibrating wildly. Tesla had announced the first fatal accident involving a vehicle in autonomous mode.

The drama unfolded on May 7 in Florida. The driver of the Tesla had turned on its Autopilot mode, which enables the car to drive itself but requires the driver to remain vigilant and keep their hands on the wheel. Early information suggested that a truck had turned in front of the vehicle at an intersection on a highway, and the car hadn’t recognized the white trailer of said truck against the background of the very bright sky. The vehicle continued forward, losing its roof as it passed under the truck, and stopped when it ran off the road and crashed into a pole.1

It immediately made headlines in the press and on the internet. The media coverage was intense: not only was it the most covered car accident of the year, but it probably received more coverage than all of the other accidents that year combined. Unsurprisingly, Tesla tried to relativize things, highlighting that the accident occurred after 130 million miles covered by its Autopilot system, much more than the 94 million miles driven between fatal accidents on average in the United States.2 But as we saw in the previous chapter, it is difficult to draw any conclusions from such a statistic.

Elon Musk’s company also emphasized that Autopilot mode is not an autonomous driving mode. Of course, the car seems to be driving itself, but the driver is supposed to keep their hands on the wheel and all of their attention on the road, in order to be able to take control at any moment. Reading between the lines, you can see that some of the responsibility for the accident is being placed on the victim: if Autopilot is used without supervision, as an autonomous driving mode, which it is not meant to be, an accident can happen—one that the driver could (or should) have avoided.

It’s a topic that was often brought up in the press in the days following the accident. Numerous articles pointed to videos on YouTube showing Tesla owners filming themselves on the road with Autopilot mode on in order to show how the car drives itself, without their supervision.3 Other videos whose authenticity is more doubtful show drivers asleep at the wheel of their Tesla, which is in Autopilot mode. The recurrent theme is that these drivers trust the mode too much and that this could be a main risk factor.

Undoubtedly because the idea of a negligent driver was in the air, a rumor soon spread in articles and the minds of the public: the deceased Tesla driver was watching a Harry Potter film when the accident occurred. Many articles ran this “information” as a headline, without always putting it in the conditional.4 Why did people find this story so seductive? Maybe because everyone knows Harry Potter, which makes the scene easier to imagine. Perhaps also because those films are set in a fantasy universe, conducive to distracting us from the real world, which validates the image of a driver ignoring the reality surrounding them. Maybe also because they’re intended for a young audience, reinforcing the image of an immature or irresponsible driver. In the days that followed, every one of the many people who talked to me about the accident mentioned Harry Potter.

But where did this rumor come from? A statement by the driver of the truck that the Tesla hit. He reported that a Harry Potter film was playing on the screen of the Tesla at the moment of impact. That’s not possible, clarified Tesla: the screen in the car can’t play films. Going beyond the headlines, we learn that the truck driver admitted that he didn’t see images of the film in the car, he only heard the film at the moment of the accident.5 I don’t mean to question the sincerity of the truck driver; I’ve never been in a car accident, and I don’t know how my brain would reconstruct the scene. But is it really possible that during the second when the car passed under his truck, crushing its top, the truck driver was able to recognize the soundtrack or dialogue of a Harry Potter film?

The investigation of the National Transportation Safety Board ended up dismissing the Harry Potter rumor, without clearing the name of the deceased driver.6 The data recorded by the car revealed that during the thirty-seven minutes leading up to the accident, the driver only had his hands on the wheel for twenty-five seconds, the vehicle had generated six sound warnings and seven illuminated warnings asking him to keep his hands on the wheel, and he would have had at least seven seconds to realize he was at risk of colliding with the truck. Of course, the car didn’t brake in time, but the investigation concluded that the system did not fail. This conclusion was based in part on the fact that the driver didn’t respect the terms of use, but also on a lesser-known fact. The Autopilot mode didn’t brake the car because it was incapable of recognizing that a truck was crossing the road in front of it. That might seem like a gross error, but the investigation concluded that the artificial intelligence performed its function. Why? Because Autopilot apparently isn’t programmed to recognize vehicles viewed from the side. The system is mainly intended to support the human driver on limited-access highways, the kind with on- and off-ramps rather than intersections. It is very good at recognizing vehicles driving ahead of or behind it, but it is not specially designed to recognize cars crossing the road—because vehicles don’t cross limited-access highways. What we have here is an example of our difficulty discerning the limits of a machine. If a human can recognize an object from the front or the back, it’s obvious that they will also be able to see that object when it’s turned sideways. It’s something that our brains do amazingly well because it’s an essential skill for our survival, a skill that has been progressively refined by evolution over hundreds of thousands of generations. We take this ability for granted to such a degree that it’s difficult for us to imagine that a machine could recognize a truck perfectly well from the front or the rear, but not recognize it when viewed from the side. Still, the investigation basically concluded that if Autopilot isn’t programmed to recognize vehicles crossing in front of it, it is difficult to criticize it for not having recognized the truck crossing in front of the Tesla. This statement probably saved Tesla from a commercial crisis: a different conclusion could have required them to recall all Teslas with Autopilot mode.

Two questions remained unanswered, however. First, was it really reasonable for Autopilot to keep the car moving after the driver had not touched the steering wheel for several minutes and had not responded to repeated warnings from the system? And wasn’t the name “Autopilot” a poor choice, since it was likely to make drivers believe that the car could drive itself without their supervision? Tesla chose to retain the name, despite strong pressure to change it. But the system was updated to be more vigilant for lack of attention on the part of the driver. In particular, it was reprogrammed to deactivate if they don’t put their hands on the wheel after three warnings.7

The Tesla accident, the first of its kind, ultimately demonstrated two significant things. First, unsurprisingly, it drew a lot of attention. Even today, it is probably among the car accidents most deeply ingrained in public memory. Second, and more surprisingly, the media and public discourse on this first fatal accident involving a (semi-)autonomous vehicle very quickly oriented itself toward the responsibility of the human driver, his vigilance, and his careless use of the car rather than on a technological failure in the car itself. This is not trivial from a psychological point of view. But before considering the case further, it is useful to compare the Tesla accident to another fatal crash involving an autonomous car: the Uber accident.
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THE UBER ACCIDENT
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On August 17, 1896, Bridget Driscoll was crossing a road in London when she was struck and killed by an automobile moving at four miles per hour, entering the history books as the first pedestrian killed in a traffic accident in Great Britain.1 Legend has it that the coroner in charge of the investigation, a certain Percy Morrison, said he hoped “such a thing would never happen again.” No one dared to make a similar comment when, 122 years later on March 18, 2018, Elaine Herzberg was struck and killed by an autonomous car on a road in Tempe, Arizona. Initial press coverage indicated that the accident happened at night, while the victim was crossing the road while pushing her bicycle; that the car belonged to the Uber fleet; and that it was moving in autonomous mode at forty miles per hour, supervised by an operator seated at the wheel.2

Very quickly, discourse turned toward the victim’s responsibility. After having viewed images from the camera at the front of the car, the Tempe chief of police said it was very clear that the collision would have been difficult to avoid, whether the car was in autonomous or manual mode, considering the way that Herzberg emerged from the darkness.3 This stance is surprising because the vehicle doesn’t perceive the world like a human does—not only does it not glean the same information that we do from the images the camera transmits, but it has other senses that we don’t, such as radar or lidar, that function in the dark.4

The reaction by the Tempe chief of police is symptomatic of a more general problem: when a self-driving car is involved in an accident, technical data concerning its behavior before and during the accident are not immediately accessible. Journalists covering the event are under time constraints and only have access to information on the behavior of the humans involved, and so they concentrate on their potential responsibility. Here, again, the initial information that emerged was mainly about the victim.5 The public learned that she was a homeless person, a detail that a priori has nothing to do with the accident but can activate negative stereotypes. It was also reported that she was wearing dark-colored clothing, that her bicycle wasn’t equipped with side reflectors, and that she was crossing a non-illuminated portion of a four-lane road at night, 360 feet from the closest pedestrian crossing.

All of this had a big impact, orienting opinion toward the carelessness demonstrated by the victim. But the case took an abrupt turn when a video appeared online, provided by the Tempe police. It was recorded by the car’s interior camera, which filmed the operator and showed the fifteen seconds preceding the collision.6 It is immediately apparent that the operator of the vehicle is not looking at the road. Her gaze is directed down and to the right, and it only rises very briefly during the long seconds leading up to the accident. So what was she looking at? According to her statement in a post-crash interview with investigators from the National Transportation Safety Board, she was keeping an eye on messages sent by the car, which appeared on an iPad docked below and to the right of the steering wheel.7 That seems possible. But looking closely at the images, you notice something strange that doesn’t add up with the operator’s version of the story. Several times, she smiles a little while she is looking down, suggesting that she’s amused by whatever she’s looking at. That’s a strange reaction for someone who is monitoring technical messages displayed on a screen, but this detail would only gain importance later. At this stage of the investigation, it was established that the operator wasn’t watching the road, and that, at a minimum, the victim demonstrated carelessness crossing the road in the way that she did. But there is a third character in this story: the car. Maybe the two humans weren’t paying attention, but why didn’t the car brake in time?

New information emerged in May shedding light on the behavior of the car.8 In theory, it had the ability to carry out emergency braking if it detected the risk of a collision, but this function had strange settings. The vehicle was only permitted to carry out emergency braking if a human was driving, and not if it itself was in command. It is worth repeating this: it could only implement emergency braking when it was in assistance mode for driving; that is, while a human was driving, it could oversee things and intervene if needed. It was impossible to do so in the reverse situation, in autonomous mode when supervised by a human operator. In that case, the human alone was responsible for emergency braking. Why have a limitation like that? Evidently because the car had the tendency to brake too much, and this excessive caution made the experience of autonomous driving unpleasant for passengers.

Examining the car’s radar and lidar data would confirm that it had detected the risk of collision.9 Six seconds before impact, the autonomous vehicle identified an object in its path. It struggled to categorize it, then thought for a moment that it was another car, and finally understood that it was a bicycle viewed from the side. A second and a half before impact, the car tried to implement emergency braking but didn’t manage to do so because of the modification to its settings. It had to rely on the operator to brake, but it didn’t have any way to alert her. Imagine this from the perspective of the car’s processor: for 1,500 long milliseconds, the car knew what was going to happen but couldn’t do anything to avoid it, and so it waited for its operator to intervene. But she didn’t do anything. Why?

In its final stage, the investigation answered this question.10 The police asked several large video streaming services, such as Netflix and Hulu, to verify the operator’s account activity. Hulu responded: the operator’s account was activated forty-two minutes before the accident, a few minutes after she got behind the wheel, and had been used to watch an episode of The Voice up until the moment of the collision. This information, on top of those strange half-smiles the operator made when looking down, suggest that her attention was directed at a video and not at the road. The investigation concluded that the accident would have been completely avoidable if the driver had remained attentive.

What should we take away from this complicated story? First, it can be very difficult to assign responsibility, even when all of the information is available. Let’s admit that the accident could have been avoided if the operator had been watching the road. Is that enough to place all of the blame on her, since it also could have been avoided if the car had been authorized to brake?11 Is it reasonable to make a human driver responsible for intervention in an emergency when they are accustomed to letting the car take care of 90 percent of the driving? This “handover” problem worries many semi-autonomous driving specialists.12 The more autonomous a car becomes, the fewer demands are made on its driver, and the less attentive the driver becomes. In other words, the more sophisticated a self-driving vehicle becomes, the less psychologically prepared its passenger is to take the wheel in an emergency.

For some, this vicious circle is an argument for abandoning semi-autonomous driving, transitioning instead directly from conventional cars to completely autonomous ones.13 It’s what you might call the “Silicon Valley approach”: bet on artificial intelligence to introduce a total disruption to driving all at once. This approach is the opposite of that of the traditional automotive industry, which prefers to take small steps, innovation by innovation, in order to gradually build trust between its clients and their (increasingly autonomous) cars. This can start with the introduction of completely autonomous driving in very restricted low-risk situations. For example, the routine introduction of autonomous driving in traffic jams is imminent. In a traffic jam on a highway, the cars move very slowly and nothing crosses the road, and so there’s no risk in allowing a car to drive without supervision. Besides, being in a traffic jam is one of the most frustrating experiences you can have as a driver. Letting the car drive would allow people to read a book or get some work done in peace. And so traffic jams on highways seem like the ideal situation for converting drivers to autonomous driving.

Both the disruption approach and the step-by-step approach share a common objective: to avoid damaging public confidence in autonomous driving and especially to prevent accidents involving self-driving vehicles from making headlines in newspapers. Indeed, it’s easy to imagine that these tragic accidents are detrimental to confidence. In the two cases we’ve considered (Tesla and Uber), however, the discourse focused more on human error than on the performance of the cars. The carelessness of the drivers was widely discussed in newspapers and the conclusions of both investigations took the same direction. Even if it’s best not to jump to conclusions, it’s possible that the public has had a similar takeaway, focusing on human responsibility. There are technological and psychological reasons for this. From a technological point of view, analyzing the car’s behavior requires data that, as we’ve seen, are not immediately available in the critical days following an accident. From a psychological point of view, it’s easier for us to put ourselves in the place of a human whose carelessness or errors we can recognize than in the place of a machine whose inner life is incomprehensible to us. Does that mean that consumers are psychologically prepared to accept autonomous driving, even if they hear about accidents? That would be too simple. As we’ll see, the adoption of autonomous driving runs into an important psychological barrier that is related less to the way we assess the safety of self-driving cars than to the way we assess our own safety as drivers.
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WHO’S AFRAID OF DRIVERLESS CARS?
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According to A Prairie Home Companion, Lake Wobegon is a small (fictional) town in Minnesota where “all the women are strong, all the men are good-looking, and all the children are above average.” It’s a sentiment everyone is familiar with: in the eyes of their parents, a child is always cuter, funnier, and brighter than average. But it’s impossible that this is true of all children, isn’t it? In order for one child to be cuter than average, there would have to be others that aren’t. People sometimes speak of the “Lake Wobegon effect” (also known as “illusory superiority”), according to which a large majority of the population judges itself to be above average for a given quality.1 This effect can reach nearly comical heights. In 1975, a questionnaire was distributed to six hundred professors at the University of Nebraska, asking them, among other things, to evaluate their pedagogical abilities; 94 percent said that they were above average.2 And students weren’t to be outdone. Around the same time, a massive survey asked a million American high school students to evaluate their leadership qualities: only 2 percent judged themselves to be below average.3 Drivers also seem to fall victim to the Lake Wobegon effect. Numerous investigations have suggested both that the vast majority of them think they drive better than average and that they largely overestimate themselves.4 These investigations are generally based on small samples of less than two hundred people, but their accumulated data suggest that the phenomenon is real.

What does this have to do with self-driving cars? Let’s rewind a little, to the moment when Azim and I were sitting in front of that hotel fireplace in Boston, reading about the RAND Corporation’s simulations. The calculations showed that to save the greatest number of lives in the long term, self-driving cars needed to be allowed on the road as soon as they were safer than the average driver. That presents an immediate problem: these autonomous vehicles would have many accidents and media coverage of these accidents could lead the public to doubt their safety. But a different question attracted our attention: who would want to buy one of these cars?

Put yourself in the place of a rational buyer. You’re told that a self-driving car is 10 percent safer than the average driver. That is, these vehicles have nine accidents for every ten caused by average drivers. Is this car for you? Would you be safer buying it? Yes, if you are an average driver, or a below-average driver. But if you drive a lot better than average, statistically you would be less safe by letting this car take the wheel for you. You will probably decide that the car isn’t for you. The problem, of course, is that you probably overestimate your driving abilities. You are a victim of the Lake Wobegon effect. Remember the 2 percent of high school students who thought their leadership abilities were below average. If only 2 percent of drivers think they are below average, then only 2 percent of them will be interested in a self-driving car that is only a little better than the average driver.

Azim, Iyad, and I decided to start with this simple idea. First, we had to ask a sample of consumers to evaluate their driving abilities, in order to verify the existence of a Lake Wobegon effect. While we were at it, we decided to conduct our study with a representative sample of the American population so that we could compare the degree of this effect on men, women, the young and less young, more and less educated, and so on. In total, we questioned three thousand Americans about their driving skills. We asked about one thousand people how many accidents would be avoided if everyone drove like they did. A person who answers “10 percent” to this question considers themselves to be 10 percent safer than the average driver; a person who answers “20 percent” considers themselves to be 20 percent safer, and so on. The results were spectacular: 93 percent of people questioned thought they were at least 10 percent safer than the average driver. In fact, most of those surveyed thought that if everyone drove like they did, the number of accidents would be reduced by two-thirds or even three-quarters. To diversify our measurements, we asked about one thousand other individuals in the study to rate themselves on a scale of 0 to 100, where 0 means “I am the worst driver in the United States,” 100 means “I am the best driver in the United States,” and 60, for example, would mean “I am a better driver than 60 percent of the drivers in the United States.” In this case, again, over 80 percent of those surveyed thought they were better than average. In fact, the majority of people thought they were better than 75 percent of drivers. We even observed that 5 percent of those questioned gave themselves a score of 100/100, reserved for the best driver in the United States. Thus, it’s clear that the people we surveyed overestimate their driving abilities. Remarkably, this overestimation is consistent across social groups. The numbers are identical for men and women, young and old. Level of education doesn’t matter, nor does income, political opinions, religious beliefs, or ethnic origin. The Lake Wobegon effect knows no barriers in gender, age, or social class.

At this point, we could test the second part of our idea. We expected that people would want self-driving cars to have an even higher level of safety than they perceived themselves to have as good drivers. And that is exactly what we observed: The handful of those who thought that they were only 10 percent better than average would be satisfied with self-driving cars that were 10 percent safer than the average driver. Those who thought they were 10 to 50 percent better than average—and they were somewhat more numerous—wanted cars that were 50 percent better than the average driver. And those who thought they were 70 to 95 percent better than the average driver wanted self-driving cars to eliminate around 90 percent of accidents.

These results are worrying because they place doubt on the optimistic scenario, according to which autonomous vehicles could gain the confidence of consumers once they are safer than the average driver. A self-driving car that would eliminate 30 percent of accidents would already be a technical feat that would save many lives—but to do so it would have to be present on the roads, and our results indicate that it wouldn’t be of interest to the broader public because the very large majority of consumers (wrongly) think they drive better than it does. This means that adopting autonomous vehicles is a question of psychology as much as of technology. Continued technological research is needed to make self-driving cars as safe as possible; but psychological research is also needed to help people better compare their own driving abilities to those of a self-driving car.

In other words, researchers like us have their work cut out for them. But at this point, we were facing another challenge. While we were working on the Lake Wobegon project, Moral Machine continued to attract millions of visitors from all over the world, and, in January 2018, we realized that we had collected nearly forty million responses. It was time to analyze this mountain of data.
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FORTY MILLION RESPONSES
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When we decided to start analyzing the responses collected by Moral Machine, all five of us were a little intimidated, but for different reasons. Azim, Iyad, and I felt pressure to make something out of the data, after our publication in Science. The attention attracted by the article sometimes overwhelmed us, and we wanted to show that we were able to do even better, that we did not just have a stroke of good luck connected to a subject that was in the air at time. Edmond and Sohan were starting their careers and it was imperative for them to make the absolute most of the monstrous amount of work they provided for this project. In the scientific milieu, that meant we needed to publish the results from Moral Machine in the most prestigious journal possible, and if we wanted to do better than (or let’s say as well as) a publication in Science, we didn’t really have a choice: we had to shoot for Nature. That may seem cocky, but we had reason to be optimistic: Iyad had established initial contact with the editorial team at Nature to talk to them about the project, and the response had been cautiously positive. Of course, the journal hadn’t committed to anything, but they wanted to be the first to consider our manuscript for publication.

While writing the article, we were in a novel position. None of us had worked on a project that drew so much attention during the data-collection phase, before the first results were even available. Moral Machine already had a Wikipedia page, it had become part of the MIT Museum and the Exploratorium in San Francisco, and it was and is regularly discussed at industry congresses, political summits, and scientific conferences. As we’ve seen, however, the attention directed at Moral Machine is not always friendly. When Edmond and Sohan started presenting the project at conferences, they ran into fierce opposition from certain colleagues who would interrupt their presentations with extremely aggressive critiques. Edmond and Sohan were told that by treating death like a game, they demonstrated a lack of respect for all of the victims of road accidents and their families. Or that Moral Machine is racist because all of the people on it are white (or red, rather). Edmond and Sohan, who are Syrian and Indian, respectively, were a little taken aback at being accused of racism like that, but they bravely tried to engage in dialogue with their accusers. Thanks to their pedagogical efforts and diplomacy, the critiques became less severe over time, although they didn’t stop entirely. We continued to see a profusion of incendiary tweets along the lines of “Death to Moral Machine!” and we heard rumors that some colleagues wanted to organize to prevent the publication of our article.

What we took away from all of this turbulence was that we would have to be very precise when we wrote our article. The most violent reactions to our project always seemed to accuse us of having the same bad intentions—for example, that we wanted the programmers of self-driving cars to blindly follow the preferences expressed on Moral Machine, or that we wanted to scientifically legitimate preferences that were sexist, classist, or fatphobic. Obviously, we had to be vigilant and leave no room for this sort of ambiguity in our manuscript.

The first difficulty we had, however, was to choose the analyses we wanted to present: Moral Machine’s data are so rich that they could inspire several books. How were we to distill them into the few pages that Nature or another journal would allocate to us? Likewise, the international success of Moral Machine caused us an unexpected problem. We had always hoped to collect data from the non-Western world, and it was in part for this reason that we privileged translations of Moral Machine into Asian languages. In this way, we hoped to be able to compare Americans’ responses to those of Japanese or Korean people, for example. But the international coverage of Moral Machine went well beyond our hopes. We received responses from all over the world, and that allowed us to analyze fine cultural variations. It was a good thing, of course, but we weren’t sure we had the necessary skills and perspective to best take these nuances into account. Among us, Azim knows the most about psychological variations among cultures, thanks to his work on the cultural evolution of religions. But Azim himself felt that we needed a super-specialist. As it would happen, he knew just the right person, working a few miles from Iyad’s office.

Joe Henrich is a professor of human evolutionary biology at Harvard University. His expertise and renown are immense. He studies a vast array of phenomena such as sociality, prestige, cooperation, leadership, transmission of norms and skills, war, corruption, and more. As the title of one of his books says, the question that guides him is “the secret of our success”: how the human species, a group of primates of no particular interest, became the most powerful species on the planet in a few million years.1 Thanks to his abounding creativity and his mastery of anthropological, psychological, and economic methodology, Joe has become a scientific heavyweight in record time. When I met him, I was shocked to realize that he was hardly older than I was, when I had heard him spoken of as a superstar since the beginning of my career.

Like all scientists who have achieved exceptional success, Joe juggles dozens of roles and projects, and he is constantly being called on to contribute to others. Suffice it to say that when they met, Iyad expected to have to negotiate hard to convince him to join our team. Accompanied by Edmond, he went to Joe’s gorgeous office in the Harvard Museum of Comparative Zoology, preparing his arguments in his head as he passed by the majestic giant tortoise that guards the entrance there. He didn’t have the opportunity to use them. Joe was familiar with our project and was already won over. He had invited one of his postdocs, Jonathan Schulz, to come to the meeting, and both spontaneously offered to help us understand the cultural variations in the responses to Moral Machine. With Richard Kim, an MIT student Iyad had recruited to help Edmond and Sohan with their analyses, there were now eight of us working on this project. The team was complete and we could move onto the serious questions.

Edmond had spent several months refining the method we would use to describe the principal results of Moral Machine. It is based on a technique called conjoint analysis, which is applied when users express a series of preferences among several “objects” that can be differentiated by a large number of characteristics, and whose objective is to calculate the importance of each characteristic for predicting the preferences observed. In our case, the “objects” were the accident scenarios, which are presented in pairs on the website, and the characteristics were those of the victims of each accident (their gender, age, social status, etc.) as well as the variables linked to their environment (were they in the car or on the road, were they in front of the car or on another trajectory, was the light green or red for the pedestrians?). The goal was to calculate the importance of each characteristic in order to predict which accident the user would click on. The idea is easy to understand but putting it into action is harder, especially based on data as complex as those produced by Moral Machine. In the end, our article’s technical appendix dedicated twenty pages and ten equations to explaining this method.

Out of curiosity, we started by calculating which characters had the greatest chance of being spared by users, using all forty million decisions we’d recorded. The data were very clear. The four characters who were saved the most were, in order: the baby, the little girl, the little boy, and the pregnant woman. Without launching into deeper analyses, we could already predict that the age of the characters would play a fundamental role in our results. But this exercise also helped us realize how difficult this article would be to write. We had identified the four characters who were saved most often, and we were already fascinated by the details of the outcome. For example, what should we think about the fact that a baby had a greater chance of being saved than a pregnant woman, who herself had a greater chance of being saved than a woman who wasn’t pregnant? The fact that expecting a child increased the probability of a woman’s being spared indicates that the fetus adds psychological value to the life of the woman carrying it. And yet, the baby was more likely to be saved than the pregnant woman, which means that baby > woman + fetus, and therefore baby − fetus > woman. These mathematics are not meant to be taken literally. They amount to thinking that the subjective difference between a newborn infant and one that hasn’t yet been born is greater than the subjective value of an adult life, or that it would be psychologically acceptable to sacrifice an adult to allow a child to be born … We have never discussed this conclusion as a result of the Moral Machine data, but it is one of their implications that, as far as we know, has never been explored in a psychological experiment.

And it didn’t stop there! The simple fact that a baby would be saved before a child isn’t trivial. Experiments conducted before our project suggested that people privilege the lives of children between the ages of nine and ten over babies when forced to (hypothetically) choose who should receive an organ transplant, a medical treatment, or a blood transfusion.2 Among the reasons given, people cited the fact that children have more developed social relations than babies and a greater understanding of death—that is, in some sense they have more to lose than a baby if they die. Other, less conscious reasons may be at play in reinforcing this preference. Some anthropologists have suggested that the preference for the lives of children (as opposed to babies) could be explained by the fact that babies’ survival is generally more at risk. To put it crudely, if the rate of infant mortality is very high during the first year of life, there is a certain rationality in wanting to first save children who have already survived this period rather than supporting those who are still at risk.3 In premodern societies in the past, and those still living that way today, more than a quarter of babies don’t survive their first year.4 It is conceivable that our psychology still bears traces of this fact, even if the modern environment has drastically reduced infant mortality. This would be an additional reason to prefer saving children over babies. But Moral Machine’s enormous data set didn’t confirm this preference. Did we need to try to understand why?

We hadn’t even really started to analyze our data, and we were already getting lost in their possible ramifications. At this pace, it would have taken us years and hundreds of pages to take into account Moral Machine’s contributions to psychology, anthropology, sociology, and economics, and that’s to say nothing of our main goal, which was to explore the ways in which the public wanted self-driving cars to be programmed. The only way forward was to make a radical choice: we would simply describe the preferences of Moral Machine users without ever discussing the interest of these responses for social science theories. This strategy goes against everything that is taught to scientists at the start of their careers. Gathering data takes time and effort, and so it is rational for researchers to draw as many conclusions from them as possible in their articles, exhausting their potential. But Moral Machine’s data are so rich that our only option was to adopt exactly the opposite strategy, by offering minimal interpretation.

That means that after our first article was published, Moral Machine’s data could be used to write dozens of other articles. But who would write them? Ordinarily, the response would be very simple: we gathered these data, so we would write the articles. But again, Moral Machine’s atypical dimensions gave us pause. We all had other projects underway, and we didn’t necessarily want to work full-time for ten years exploiting Moral Machine’s data in order to produce publications from them one after another. In addition, there’s a large movement within the scientific community that encourages researchers to make their data public when they publish. Sharing in this way allows their colleagues to verify that the results are sound, even after those results have passed through the filter of a journal, and sharing data accelerates scientific progress by allowing other researchers to make use of them to test new hypotheses. By making Moral Machine’s data immediately public, we could kill two birds with one stone: do a service to the scientific community and to public decision-makers while encouraging other teams to explore our results and conduct all of the analyses that we didn’t have time to perform ourselves. I would like to be able to say that we immediately made the virtuous choice. But honestly, we hesitated for a long time, going back and forth, because the time, work, and money that we had invested in this project made it painful to think of giving it away to the world. It was only in the final stretch, just before the article was published, that we made the decision to make all of our data public.


NOTES
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AN ETHICS TOP-THREE
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As a reminder, the accident scenarios offered by Moral Machine are variations on the nine dimensions outlined in chapter 11, “A Race Against the Clock.”

In our analysis of the forty million decisions recorded by users, our first task was to calculate the weight given to each dimension by means of conjoint analysis. Three dimensions emerged far in the lead: species, number, and age. The users of Moral Machine prefer to save human lives, the most lives possible, and the lives of the youngest.

This “top three” is very interesting from two perspectives. First, these preferences are technically feasible: car sensors can’t detect the profession or gender of a pedestrian, but they can distinguish humans from animals, count people with acceptable precision, and distinguish children. Furthermore, this top three is a good illustration of the interest in comparing the preferences of the population to the recommendations of ethical committees, such as the German committee that drew up the ethical code in Berlin (see chapter 15). Remember: those rules said that human lives must always be preferred to non-human lives; the citizens of the world seem to think the same thing, on average. The Berlin code couldn’t say whether or not to save the greatest number of people; the citizens of the world have a more precise answer to this question. Finally, the Berlin code said that the decision of whom to save should never be based on individual characteristics, including age; on average, the citizens of the world seem opposed to this recommendation. This isn’t to say that ethics committees should be replaced by user responses to Moral Machine. But when these committees cannot agree (as on the question of number), it could be interesting to look at the opinions of the public. And if an ethics committee wants to make a decision that goes directly against citizens’ preferences (as on the question of age), they are entitled to do so, but they should prepare comprehensive and accessible argumentation to endeavor to convince the public.1

Two other preferences emerged next that weren’t as strong as the top three but were easily recognizable. First, users of Moral Machine prefer to save pedestrians who cross the road when they are authorized to do so. At a quantitatively comparable level, users prefer to spare the lives of individuals with higher social status (executives) rather than those of people with lower social status (homeless people). There is something both fascinating and disturbing about the fact that these two preferences manifest with the same intensity. It’s as if the homeless person is systematically paying a penalty equivalent to crossing against the light. This outcome isn’t very important for the programming of self-driving cars—which of course can’t tell which people are homeless. But in our eyes it played a different role: as expected, it allowed us to illustrate the limits of an exercise such as Moral Machine for informing public policy. Citizens’ preferences are not always acceptable from an ethical point of view, and the purpose of Moral Machine is therefore not to replace ethics committees. That’s what we wrote in the first version of our article, but as I’ll relate in chapter 23, the publication process led us to employ more neutral language and to not condemn the preference against homeless people as immoral, despite our personal opinions on the question.

Our analysis also identified four weaker preferences: saving athletes before overweight people, sparing women, saving pedestrians before passengers, and having the car go straight rather than changing direction. This last preference is so weak as to be hardly detectable, which is remarkable if you’re familiar with the moral psychology literature that has long identified an “omission bias” in moral judgment: the consequences being equal, people prefer not to act and find it more moral not to act.2 As applied to our problem, this bias should translate into a preference for the car to go straight. We did observe this preference, but it is the weakest of all the preferences we measured. This may seem surprising, but consider that the literature on omission bias is based on highly controlled experiments that allow basically no variation except for the choice of whether to act or not—and so it shouldn’t shock us that these experiments detect a strong preference to do nothing, since they don’t take any other factors into account. The power of Moral Machine is that it simultaneously combines a large number of criteria in order to best measure the importance of each one. Remember, in our first experiment that we wrote about for Science we varied only the potential number of victims, and we found that this factor had a strong effect on the results. One of our goals in creating Moral Machine was to find out if this factor continued to be so important when the personal characteristics of said victims changed—and that is what we found. The importance of the number of victims survived the test of Moral Machine. Omission bias had less success.

Out of all the users of Moral Machine, half a million were kind enough to provide us with precise information regarding their age, gender, education, income, and political and religious beliefs. The following stage in our analysis consisted of calculating whether the users’ responses were influenced by these personal characteristics. And, to our relative surprise, they weren’t: the effect of each is negligible. For example, and it’s one of the more notable effects, women are more inclined to save women than men are, but the difference is almost negligible. None of the nine global preferences we identified was reversed or even significantly reduced by any of the six personal characteristics we recorded.

That doesn’t mean that everyone responds to Moral Machine in the same way. As we’ll soon see, the responses varied by country of origin. But within each country, men responded as women did, the young like the old, and so on. The cumulative effect of the personal characteristics could sometimes generate slightly different response profiles: gender, age, and religious beliefs had little effect individually, but they could add up. For example, a young atheist woman is slightly more inclined, on average, to save animals than an elderly religious man. But even when adding these three factors together, the difference doesn’t exceed two percent.

From a practical standpoint, these results were good news for our project. We were aware of a structural weakness in Moral Machine: from a demographic point of view, our users didn’t reflect the general population. Two-thirds were men, most of them younger than thirty-five years old, and half of them had a university degree. The composition of our sample was therefore biased in comparison to a representative sample of the population—those used for opinion surveys, for example.

Of course, we didn’t really have a choice in the matter. We created Moral Machine precisely because our study was too complex to use traditional survey methods. Our gamble was to create a platform that would make people want to participate and to invite their friends to do the same, and to count on this platform to recruit the hundreds of thousands or even millions of participants we needed. But the corollary to trying to go viral is that we weren’t in control of the precise composition of our user sample. That could have been a problem. If, for example, we had observed that women and men responded in very different ways, the over-representation of men would have been a handicap for interpreting the data.3 The fact that men and women responded similarly was therefore very reassuring: it suggested that the biased composition of our sample wasn’t very important, since users’ personal characteristics don’t influence their responses. And so we could move on to the next step: analyzing the responses by country of origin.


NOTES


	1. Ethics is everyone’s business, but making ethical decisions for others demands rigorous training and deep experience, especially when those decisions influence public politics with massive consequences, in a technically complex domain.
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CULTURAL VARIATIONS OF MORALITY
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Moral Machine attracted users from 233 countries and territories. I say “and territories” because the press often simply wrote “233 countries,” which raised eyebrows among readers who know that there are fewer than 200 countries in the world. But our database processes mainland France separately from each of the French overseas territories, for example, which is one reason we ended up with the number 233. Not all of these countries and territories contributed at the same rate, of course, so we decided to focus our cultural analysis on the 130 countries and territories that provided the most responses.

For each of them, we calculated a moral vector with nine dimensions. In other words, we attached to each location a list of nine scores that corresponded to the weight of the nine variables in Moral Machine in the responses produced by each respective country. We then applied a hierarchical clustering analysis to these 130 vectors using the Euclidean distance and Ward’s minimum variance method. In simpler terms, we used an algorithm that sought to form clusters of countries whose moral vectors were similar to each other and different from the moral vectors observed in other clusters. It is important to note that this algorithm didn’t know the geographical location of the countries, only their moral vectors.

But we were all curious to know if neighboring countries or culturally similar countries would have comparable moral profiles. The answer was “yes,” with a few important nuances. The algorithm identified three large clusters, each of which contained sub-clusters. The first large cluster was easily recognizable: it basically corresponded to what you could call the Western countries or world, and we decided to call it “West.” In it was nearly all of Europe, with, for example, a sub-cluster containing all of the culturally Protestant countries (Denmark, Finland, Germany, Iceland, the Netherlands, Norway, Sweden, and Switzerland) and a sub-cluster containing the United Kingdom and its former colonies (South Africa, Australia, Canada, the United States, and New Zealand). This structure was remarkable and reassuring: the responses to Moral Machine really did seem to capture the effects of geographical, historical, and religious proximity between countries. The second large cluster, which we called “East,” basically grouped together the countries of Asia and the Middle East, delineating a more or less rectangular zone stretching from Egypt to Japan and from China to Indonesia. We called the third large bloc “South,” and it was a bit tricky. It was separated into two sub-clusters. The first contained all of South America. The second puzzled my colleagues; it included, for example, mainland France, Martinique, Réunion, New Caledonia, French Polynesia, Morocco, and Algeria. The link between these countries didn’t seem immediately clear to them, but I imagine it jumped out immediately to French readers, as it did to me. For the most part, the third cluster contained territories in South America and territories linked to France, some of them to this day, and others until the not-so-distant past.

The three clusters have different moral vectors, but it is important to note upfront that the nine global preferences (save humans, the greatest number, the youngest, etc.) are found in all three. The difference between clusters is the intensity of these preferences. For example, the East cluster places the least importance on age. Elderly people are still sacrificed more than the young there, but less so than in the rest of the world. In a similar way, the preference for saving women is far stronger in the South cluster. For an example of the interactions between these preferences in different regions, imagine an athletic young female executive and an overweight homeless elderly man. These two fictional characters would have extremely different probabilities of being saved in the South cluster, very different probabilities in the West cluster, and moderately different probabilities in the East cluster.

These cultural variations are very interesting because they highlight the difficulties we may encounter in adopting a worldwide ethical code for self-driving cars. There have been attempts to outline such a code for artificial intelligence—the Asilomar AI Principles, for example (among many others).1 I won’t go into a detailed examination of those codes; I only want to emphasize that they often insist on the necessity of aligning the behavior of machines with human moral values. But what social science researchers know, and what the creators of these codes underestimate, is that human moral values are not the object of universal consensus. A single person can have inconsistent moral intuitions, two people can have different moral intuitions, and the importance of a moral value can differ from one culture to another. The Moral Machine data shed light on these differences and remind us that before aligning machine behavior with human moral values, we have to equip ourselves with tools that will allow us to quantify these values and their cultural variations.

Ideally, the final section of our article would explain why the cultural variations that we observed occur. Why do the countries in the East cluster place more importance on the number of people saved than on their age? Why do the countries in the South cluster prioritize social status and pay less attention to the fact of pedestrians crossing against the light? Finding the cause of all of these variations would require a colossal amount of work. In fact, each one would require a separate article and new data collection. In the social sciences, demonstrating a causal link is always difficult. When it is possible to conduct an experiment in a lab, in a perfectly controlled environment, you may hope to be able to show that a variable X causes a behavior Y. That’s the principle behind the experimental approach: if I change the value of X without modifying anything else, and if this change increases the frequency of behavior Y, then I am well positioned to conclude that X is a cause of Y. I can be even more certain if I’m able to run the experiment several times and show that it is statistically improbable that my first success was just a stroke of luck.

Now imagine I want to show that the countries in the South cluster place more importance on high-status people because of the heightened levels of economic inequality in these countries. I haven’t selected this example at random: economic inequality is particularly high in these regions, and one could imagine that this type of inequality, internalized by users there, would translate into a bias against homeless people. But how could a causal link like that be demonstrated? It’s not as if I could reduce or increase the level of economic equality with the wave of a magic wand, without changing anything else, and observe the consequences of my intervention in the responses to Moral Machine.

Economists are constantly confronted with this problem, and they’ve developed an entire arsenal of statistical techniques to counter it. But applying all of them requires time and data, and we couldn’t embark on a project like that. Again, the atypical dimensions of Moral Machine posed a problem. Exploring the causal effect of a macroeconomic parameter on a dimension of Moral Machine data could be the subject of an entire article. It’s simply inconceivable to do this work for the nine dimensions of Moral Machine, with each possibly influenced by half a dozen parameters.

Still, we couldn’t remain completely silent about the potential sources of the cultural variations we had observed. We decided to provide our readers with simple correlations, that is, measurements of statistical association that exist between each country’s socioeconomic characteristics (there are many available databases comprising these characteristics) and the preferences expressed by the users from these nations. Thus, we wrote that there is a correlation of 0.41 between the degree of economic inequality in a country and the importance of the characters’ social status in the responses gathered by Moral Machine. The correlation between two variables can have a value between –1 and +1. The farther the value is from 0, the stronger the connection. A correlation of +1 means that knowing the value of one variable will exactly predict the value of the other. In the domain of the social sciences, a correlation of 0.41 is considered “moderate to high”: it means that the value of one of the two variables will provide a good prediction of the value of the other. To give you an example, the correlation between the height of an adult and the averaged height of their parents is slightly less than 0.5.

Note that I’ve settled for saying that knowing the value of one of the two variables will provide a good prediction of the value of the other. That doesn’t prove the existence of a causal link between the two. For example, there is a strong correlation between the monthly number of deaths by drowning and the monthly sale of ice cream. In other words, if you tell me the number of drownings observed in a month, I can relatively accurately estimate how much ice cream was sold in that month. But that doesn’t mean that eating ice cream causes drowning. The correlation simply reflects the fact that people go swimming more and eat more ice cream during hot months. Likewise, we should carefully avoid saying that a country’s economic inequality causes its bias against homeless people in Moral Machine scenarios, even if the correlation is high.

The same caution is necessary to interpret other correlations, such as, for example, the correlation of 0.5 between the degree of individualism in a country and the weight given to the life of each individual in the responses gathered by Moral Machine. A society is called individualist when it values its members’ independence and freedom of choice, as well as their pursuit of personal success. Conventionally, individualist societies are contrasted with collectivist societies, which value their members’ obligations to each other and the pursuit of success for the group to which they belong.2 It’s not possible to classify every society as one or the other; instead, you can place each one on a gradient from pure individualism to pure collectivism. What we observed is that the more a society values each individual in isolation, rather than the collective to which a person belongs, the more they distinguish between saving one or two individuals in Moral Machine.

To give a final example, we found a correlation of 0.30 (a moderate correlation, that is) between what you could call “the rule of law” in a country and the tendency of its users to sacrifice people who crossed against the light in Moral Machine. The rule of law is a measure of citizens’ confidence in the quality of their public services, their laws, and the power of their government to apply these laws.3 We observed that users of Moral Machine living in countries where the rule of law is weak are more tolerant of jaywalkers. Once again, we must exercise caution when interpreting correlations, but it is tempting here to conclude that this higher level of tolerance is linked to the fact that these users are accustomed to seeing their fellow citizens break certain rules without being punished for it.
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“WE MUST SHOW SOME BLOOD”
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We spent several weeks writing our article, which put forward the four broad results I’ve described in the preceding chapters: the nine global moral preferences, individual variations, cultural variations, and the larger socioeconomic correlations by country. We only had four or five pages in which to explain the objectives of our project, its very unusual method, its results, and its conclusions. That’s not many. Of course, we could attach a technical supplement to the article, explaining how Moral Machine generates its scenarios, the mathematical details of our analysis, and certain secondary results. As a matter of fact, this technical supplement was growing by the day and had already exceeded sixty pages. That gave us a bit of breathing room, but we were still faced with the problem of writing our main results in three pages. The key to managing it was to present those results visually in a compact but clear and attractive way—in a sense, to figure out the best infographic for them. Luckily, that’s a task I’m passionate about, and I exchanged countless messages with the members of the team working on these visualizations, Edmond in particular.

After long internal negotiations about every sentence, figure, and bibliographical reference, the big day had arrived. On March 2, 2018, we submitted our article to Nature. We quickly cleared the first hurdle: Nature informed us that our paper would be sent to several experts for a detailed evaluation. That was already a victory, since the vast majority of articles submitted to the journal are immediately rejected by the editors without a detailed examination simply because they don’t appear to have enough potential. After our preliminary positive exchanges with Nature, we would have been devastated not to pass this stage. And then the waiting began. We thought it probably wouldn’t be too long because Nature generally evaluates articles within a few weeks. But in our case, weeks passed, then a month, then a month and a half, and we still hadn’t heard anything. We entered into a difficult period, knowing that any day, at any hour, we might hear the journal’s decision. Every morning, the first thing I did was turn on my phone, my mind in a fog, to see if I had received a message from Nature.

We were also under pressure from journalists. It interested them that Moral Machine had gone viral, and some of them had heard that we’d finished analyzing the results. We all received increasingly frequent requests to give them an idea of our results, but we stalled each time. Nature has a particular policy for interactions with journalists. In order to maximize the media impact on the day of an article’s publication, authors whose manuscripts are being evaluated are forbidden from sharing their results with the press. The journal reserves the right to reject an article on the grounds that its authors sought too much attention from journalists before its publication. The rules are complicated, though. If a journalist describes the results of an article in advance, the authors can claim that they never talked to that media venue. This loophole helped us keep our cool when, on March 21, Forbes published an article describing some of our results, along with photographs taken at an academic conference in Dubai where Iyad had given a presentation.1 Iyad hadn’t spoken to this journalist or given him permission to take photos of his slides, much less to publish them. But there wasn’t much we could do about it, and we could always plead our good faith to Nature if more leaks of this kind occurred.

After this incident, however, I got into the habit of demanding confidentiality each time I presented the results at a seminar or conference. After explaining the origins of the project and the Moral Machine platform, I would politely ask the public not to take photos of my slides and not to discuss the results on social networks. At first I felt a little ridiculous, putting on mysterious airs as if I might be the target of an international espionage plot, but I realized that if I made my request with a bit of humility and humor, the public reacted well. I sometimes felt a frisson of excitement run through the auditorium, and it seemed that everyone was playing along willingly. Once, a colleague told me that in his corner of the room, which was unusually large for such a conference (there were nearly two thousand people in attendance), one audience member took out his phone to photograph my results, and his neighbors immediately and sharply called him out!

More than seven weeks passed and we still had no news from Nature. The wait was interminable, but I received a message that took my mind off things. Iyad told me that a visiting researcher position had opened up at MIT and wanted to know if I was interested. It would entail leaving France for Boston in a few months and staying there for a year—which would require rapidly finding an apartment in the Boston area, choosing a school for my son, getting our visas, and taking care of dozens of other things with a very full calendar. My family and I had to decide quickly, but we hardly had time to talk about it because two days later we received a response from Nature.

Our article hadn’t been accepted—but it hadn’t been rejected either. The journal had received responses from three reviewers, and their opinions were at odds with each other. Reviewer 1 had liked our article so much that they suggested publishing it exactly as it was, without modifications, which is extremely rare. Reviewer 2 firmly expressed their conviction that our article should be published but included a long list of constructive criticisms with that recommendation. The criticisms covered some weaknesses in our arguments, but also the necessity to conduct supplementary analyses to remove the possibility of certain biases in our results. This reviewer also encouraged us not to place value judgments on the preferences expressed by users of Moral Machine, as, in this first version, we had written that the preference to sacrifice homeless people was immoral. Reviewer 2 reminded us that we weren’t there to give a personal opinion on what is moral or immoral but rather to provide a neutral description of the preferences we observed. It was true, and, as a psychologist, I should have remembered it in the first place. And so we rewrote our article, making sure not to condemn one preference or another—which we would often be reproached for afterward. And reviewer 3, you ask? Ah, the infamous reviewer 3 …

Reviewer 3 is a legendary figure for scientists. For some mysterious reason, reviewer 3 always hates the article. “Hate” is too weak a word, in fact. Reviewer 3 loves to write very long critiques explaining in minute detail why each aspect of the article is irreparably terrible, punctuating each paragraph with demoniacal laughter.

We didn’t escape this curse. Nothing in our article, or in the Moral Machine project in general, found favor in the eyes of reviewer 3.2 They explained that our work didn’t make any theoretical contribution to science, since our results were obvious and could have been anticipated by anyone. Besides, our data were useless because there was no evidence that people wouldn’t change their opinions when the situations we described started happening in reality, that is, when cars began killing people in dilemma situations. Besides, Moral Machine was of no interest because the accident scenarios weren’t realistic enough; they didn’t take into account, for example, that a car cannot be completely certain if a pedestrian is a child or an adult. Finally, our investigation wasn’t trustworthy because our sample didn’t faithfully reflect the demographic makeup of each participating country. A better method would have been to work in the tradition of sociologists, conducting face-to-face interviews and surveys with representative samples for each population.

We had responses to the majority of these criticisms. Sometimes, we simply disagreed—for example, it seems absurd to us to claim that our results are obvious or entirely predictable. At other times, we simply needed to be clearer about the choices we made, such as not exploring the theoretical implications of our results because it was impossible in the few pages allotted to us. At times we even partially agreed with the third expert. They were completely right that public opinion could evolve after the first accidents involving self-driving cars in dilemma situations—but that is no reason for not learning about the state of opinion before the accidents happen, since it is during this anticipatory time that regulators must formulate laws and manufacturers must program their cars. We could also admit that Moral Machine’s scenarios are simplified. But we already had twenty-six million of them, and every additional complication would lead to an explosion in the number of combinations.

The problem with our responses was that they didn’t require us to do any additional work and might have given the impression that we hadn’t taken reviewer 3 seriously enough. One sentence that we repeated often during our discussions was, “We must show some blood.” In other words, we had to show that we did not slack off when addressing the concerns of reviewer 3. That’s why we spent two weeks debating one single question: should we try to give the Moral Machine test to a nationally representative sample in order to show that the results were largely the same as those from our non-representative sample?

We were confident in our results and we were certain that they would be the same with a representative sample. Remember: we knew that the responses to Moral Machine were identical for all demographic groups, such as women and men, for example. One way to strengthen this notion mathematically is to conduct what is called a “post-stratification analysis.” This analysis consists of first obtaining detailed demographic data for a given country in order to identify the proportion of each group in its population (e.g., what is the proportion of American women between thirty and fifty with an annual income of over $75,000 who did not attend university?), comparing these proportions to those of the original sample, and then weighting the responses of each group to give greater importance to those from under-represented groups and lesser importance to those from over-represented groups. We couldn’t do this analysis for every country represented in the Moral Machine data because we didn’t have enough detailed information about the demographics of every region. But we did have enough detailed data on the demography of the United States to do a post-stratification analysis, which showed that our results weren’t biased by our non-representative sample. Was that enough, or did we have to carry out the long and complex process of creating a new version of Moral Machine, adapted to the traditional methods of a sociological investigation?

During a final Skype meeting, Azim, Iyad, and I looked at the problem from every angle and concluded that it wasn’t worth the trouble. Moral Machine is an atypical project and it wouldn’t do any good to supplement it with a traditional ersatz. We decided to describe our post-stratification analysis in the technical appendix but not to collect more data from representative samples. A strange silence settled over the end of this final meeting; we didn’t have anything left to say to each other, but none of us hung up. We looked at each other through our screens without saying a word, knowing we had made a serious decision with unknown consequences. Simply put, it was possible that we were curtailing our chances of publication in Nature.

Once this final decision was made, everything sped up. On June 21, 2018, we sent Nature a modified version of our article, and I returned to my preparations for expatriation. My family and I had decided to accept the invitation from MIT and move to Boston for a year. We had so many things to do and documents to gather that I didn’t have time to worry about what would become of the article on Moral Machine. The summer flew by. On August 29, a few hours before boarding our flight to Boston, the news arrived: Nature had accepted our article. I wish I could say that I was delighted by this news, but it arrived at a moment when I was so preoccupied with our imminent departure that I hardly registered it. The important thing, however, was that we would finally be able to publicly reveal our results. Now we had to prepare for that before the article’s planned publication on November 1.


NOTES
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WE HAVE TO STEP UP
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All things being relative, publishing an article like the one on Moral Machine is like releasing an album or a movie. In that spirit, Nature sent a team to film a mini-documentary on Moral Machine, a sort of trailer that would be shared on the web when the article was released. Since it was likely to be picked up by the media, we all worked with our respective university press offices before its publication. I started preparing the press kit for France with the help of the French National Center for Scientific Research and my research institution, the Toulouse School of Economics. Sohan worked on a website that we would launch at the same time as the article.1 This site was intended to allow journalists and the public to easily explore the results of Moral Machine, country by country, by clicking on a map of the world. It also would let them compare two countries’ responses. That meant we had to develop similarity metrics that didn’t figure in the article itself. If you go to the site and click on Bulgaria and Greece, you will receive detailed information about the responses from these two countries, but also summaries such as “Bulgaria and Greece are extremely similar” or “Bulgaria is most similar to Italy, and differs most from Japan.”

All of that takes time, and we watched as the fateful day rapidly approached. Generally, press kits are sent to journalists just under a week before publication, to give them time to interview authors and write their articles in advance. Our publication was planned for November 1, so we had to be ready for the first interviews on October 25. For once, everything seemed to be going very well. We did a good job with time management, to the point that I was able to plan a few days of vacation in New York with my family before October 25, to get my mind off things before the Moral Machine marathon. On October 17, our website was ready with some time to spare. We still had a lot of small things to finalize for the press kit, but we would make the deadline. Except … on October 18, Nature informed us that the publication of our article had been moved ahead by a week. That meant the press kit needed to be ready the next day, and our interviews would start in two days.

We immediately declared a “code red.” I considered canceling my vacation for a moment, but the time difference saved me; since I would mostly be talking to the French media, I could get up early each morning, spend two hours in my hotel on the phone with journalists, and then join my family for breakfast. Days passed, interviews following one after another, the article was published, and the media coverage was favorable. It was a relief because we all knew it was possible that we would be subject to all sorts of baseless allegations; for example, we could have been accused of wanting to program cars to kill the poor or overweight people. Throughout the interviews, we systematically stressed our main message: we were just relaying the preferences expressed by the users of Moral Machine, not suggesting that these preferences should be applied blindly to the programming of self-driving cars.

We got quite good at explaining this during press interviews, which give you plenty of time to express yourself. But it’s much more difficult to do on live television. At the beginning of November, I was invited to appear on Quotidien, an enormously popular French news and culture talk show hosted by Yann Barthès. There would be no chance to go into detail or give long explanations. I was terrified of saying something that might sound offensive if taken out of context. Things didn’t go my way when Yann introduced the subject of cultural variations by asking me: “In Colombia, they don’t like the poor do they? They’re for killing the poor?” I flailed desperately, attempting to explain that no, but in a sense yes, but not only in Colombia, but, well, yes, maybe a bit more in Colombia.2 To add to my nervousness, he planned to do a “playlist” segment at the end of the show. I had to give my favorite song, a song that I was a bit embarrassed to like, and … my favorite song for a night of love.3 Thankfully we were running a little long and didn’t have time for that segment, which saved me from having to explain my erotic music choices to two million television viewers!

We knew that no matter how careful we were, we couldn’t completely avoid misunderstandings about our project. And some parties weren’t exactly helpful. For example, on November 3, the World Economic Forum tweeted something very strange to its three million followers. Without any context whatsoever, the tweet said: “A self-driving car has a choice about who dies in a fatal crash. Here are the ethical considerations.”4 The image attached is the diagram from our article where we show which characters were the most saved and most sacrificed by the users of Moral Machine. The baby, children, and pregnant woman are at the top; the homeless person, elderly people, dog, criminal, and cat are all at the bottom. The tweet and the image seemed to suggest that things were already set in stone, and that someone somewhere had already decided, based on some arbitrary ethic, who should live and who should die. This tweet triggered a torrent of sarcasm and anger. The sarcastic responses emphasized the naivete of imagining that cars can distinguish who is a criminal or a homeless person. The angry ones erupted from the idea that an organization like the World Economic Forum could claim for itself the right to say that the life of an elderly person or homeless person is nearly worthless, or that the life of a criminal is worth less than a dog.

We methodically worked to dissociate Moral Machine from this kind of delusional interpretation. We sometimes had the feeling that we would never be done explaining that no, Moral Machine does not declare who should live or die. Every week, or nearly that, we would observe a proliferation of attacks or critiques that attributed normative intentions to us (to decide what is moral or immoral based on our results) or prescriptive ones (to dictate industrial or public policy choices based on our results).

Considering our results to be normative would amount to saying that there is no objective definition of what is moral or immoral; morality would therefore be a social construction, limited in space and time. Consequently, morality would be whatever the population thinks is moral, here and now. Moral Machine would therefore be the arbiter and standard of morality. Personally, I think this interpretation is insane, but the philosophical debate is beyond me. All that my coauthors and I could do was say that we never had any such ambitions!

Considering our results prescriptive would mean adopting a slightly weakened version of them: since people’s responses aren’t unanimous about what is moral or immoral, and all people are affected by industrial and political choices about the ethics of self-driving cars, we must follow the opinion of the majority, whatever it may be. Again, this was never our intention. We wanted to give public opinion a role in the debate, but we never wanted to use public opinion to shut down the debate. We thought it was important for experts and decision-makers to have knowledge of public opinion, but we didn’t want to bind their hands.

The most comfortable position for us, of course, would have been to never say another word about the use of our results by public decision-makers. We had done our scientific work, produced the largest database of moral choices in dilemma situations in history, and caution dictated that we should retire from the debate and let the decision-makers do what they would with our results. But a little voice continued to tell me that we had to step up and try to contribute to political decisions being made in the field of self-driving cars. I was forced to decide between caution and the desire to serve when, in 2019, the European Commission asked me to assume the presidency of a group focusing on the ethics of self-driving cars. Should I refuse and maintain my comfortable position observing these debates, or should I be more engaged, working with other members of the group to write recommendations for European politics?

I decided to engage.


NOTES


	1. See http://moralmachineresults.scalablecoop.org/.


	2. “Jean-François Bonnefon interroge notre morale,” Quotidien, November 8, 2018, https://www.tf1.fr/tmc/quotidien-avec-yann-barthes/videos/invite-jean-francois-bonnefon-interroge-morale.html.


	3. My favorite song is “Allô, Allô, monsieur l’ordinateur” by Dorothée, released on her 1985 album of the same name.


	4. World Economic Forum (@wef), “A self-driving car has a choice about who dies in a fatal crash. Here are the ethical considerations,” Twitter, November 3, 2018, https://twitter.com/wef/status/1058675216027660288?lang=en.
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WHAT NOW?
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We could endlessly discuss the ethics of self-driving cars. The advent of automatic driving is a true disruption, with vertiginous consequences. What will its effects be on the architecture of our cities and the infrastructure of our roads? On pollution? What upheavals might it cause in the job market? What will it do to the confidentiality of our movements? All of these questions could give rise to ethical debates. In this book, I decided to concentrate on a particular part of the ethics of autonomous vehicles: which accidents we’ll allow them to have. That self-driving cars will have accidents is a certainty. Will they have fewer than human drivers? Yes, because it won’t be acceptable to put them on the market if they are more dangerous than humans. But, since they will never eliminate all accidents, the first question to ask ourselves is what level of safety must be attained before allowing them on the road in large numbers.

This question is complex because it has a moral dimension, a methodological dimension, and a psychological dimension. From a moral point of view, is it acceptable that self-driving cars have victims, and how many? It would be tempting to adopt a purely “consequentialist” approach when responding to this question; put plainly, from the moment that autonomous vehicles kill fewer people than human drivers do, it no longer matters if they kill, since the net consequences are positive. Still, this calculation isn’t as simple as it seems. Imagine, for example, that self-driving cars are 30 percent safer than human drivers. And, to simplify, imagine that human drivers cover one billion miles each year and kill seven people total. Over the same distance, self-driving cars kill only five. Now imagine that everyone switches to self-driving cars and that, discovering how nice it is to let the car drive all by itself, they start driving twice as much. In one year, we would go from seven road deaths (in one billion miles driven by humans) to ten (in two billion miles driven by self-driving cars). Is that preferable?

Maybe yes. But this statistical calculation doesn’t exhaust all of the ethical considerations: if self-driving cars kill only five people per year whereas humans would have killed seven (so, two victims fewer), among those victims, maybe some of them would have survived if they had been driving themselves. Is it morally acceptable that these people are sacrificed for the sake of the greater number?

Once again, maybe yes. It seems to me that a consensus is forming around the statistical argument: once self-driving cars statistically diminish the number of accidents per mile driven, it is morally acceptable to permit them on the road.1 But, even if we accept this argument, it won’t be easy to apply it. As we’ve seen, autonomous car accidents are rare, but there are few of these cars on the road. To show that they are statistically less accident-prone than humans, we would have to increase their numbers to get more data, or imagine new methods of estimating their probability of having an accident.

And even if we could show that autonomous vehicles have (at least a few) fewer accidents than humans, and we allow them out on the road and on the market, there would still be psychological barriers to their adoption. Maybe we could show that these cars have fewer accidents than the average driver, but human drivers, as we’ve seen, largely overestimate the safety of their own driving. Who would buy a car that is 20 percent safer than the average driver when most drivers think that they’re 80 percent safer than average?

Consequently, if we think (and this is my opinion) that it is morally acceptable and even imperative to use autonomous driving to save lives, we must launch an enormous ethical, technical, and psychological campaign to allow us to set security goals for the industry, give regulatory agencies the necessary tools to evaluate them, and help citizens understand these goals and make an educated choice when the moment comes for them to decide to adopt autonomous driving or not.

But all of this is only in response to the first question posed by autonomous driving: how many accidents will self-driving cars be authorized to have? The second question is even more difficult: which accidents should we prioritize eliminating? In other words, which lives do we want to protect first? Those of passengers, pedestrians, cyclists, children? This question is at the heart of the Moral Machine project, whose results I’ve discussed at length. In concluding this book, I want to explain why we must go beyond the results of Moral Machine and concentrate on the “statistical trolley problem.”2

Everyone, myself included, agrees that the scenarios in Moral Machine are extremely improbable. The car has to choose between two victims of an accident that is absolutely inevitable. That’s not how things happen in real life. Under normal driving conditions, self-driving cars won’t choose who they should run over. During their moment-to-moment operation, they will just slightly modify the risk incurred by different parties on the road.

If you, as a driver, want to pass a cyclist while another car is preparing to pass you, the lateral position you assume determines the risk incurred by the person on the bicycle, by the other car, and by you. For example, the less space you leave for the cyclist while passing them, the more you increase their risk while diminishing your own and that of the other car. But the risk remains low: even if you leave only a very small amount of space for cyclists each time you pass them, you could drive your entire life without injuring one of them. But now consider the problem from the perspective of self-driving cars. If they systematically leave little space for cyclists, they statistically will have (a slightly) greater chance of injuring them. The cumulative effect of these decisions, made by tens of thousands of cars driving tens of thousands of miles, will be felt in the annual road accident statistics: a few fewer victims among passengers, a few more among cyclists. This is what we (Azim, Iyad, and I) call the statistical trolley problem: it’s not about the car deciding whom to endanger when an accident is already inevitable, but rather deciding who will statistically have a greater chance of being the victim of an accident one day.

This calculation doesn’t just affect cyclists, but also drivers and pedestrians. It also applies to children. In their book on the pioneers of autonomous driving, Lawrence D. Burns and Christopher Shulgan reported that the software of the “Chauffeur” project (the first prototype of the self-driving car developed by Google) had been trained to detect children and expect them to behave more impulsively.3 Thus, the software was designed to mistrust a child approaching the road because they might decide to run across it, whereas an adult would wait on the sidewalk. Of course, this programming could have only one goal: giving children more leeway in order to reduce their risk of accident. But as we’ve seen in the example with the cyclist, reducing the risk for one person on the road often means increasing it (even if only slightly) for someone else. The statistical trolley problem consists in deciding whether such a transfer of risk is acceptable.

Is it possible to pass legislation on this problem? There is a precedent in the history of the automobile: the ban on bull bars in the European Union. These guards at the font of a car are made of several large metal tubes. As their name indicates, they’re designed to protect the car’s frame during accidents involving large animals. They are therefore useful in very specific regions of Australia and Africa. In an urban area, their usefulness is less clear. Of course, they offer a slight protection to passengers in the car, but they also increase the risk of injury to pedestrians and cyclists. In 1996, a British study attempted to estimate this risk.4 The calculation was difficult, but the experts concluded that bull bars were the cause of two or three additional deaths per year among pedestrians in the United Kingdom. Thus one can conclude that bull bars very slightly increase the risk incurred by pedestrians. The transfer of risk is very slight, but this report triggered a long process of testing and legislation that ended with a ban on bull bars throughout the European Union.

What should we take away from this story? First, that a mechanical characteristic of a car can cause risk to be transferred from one category of users to another—in this case from passengers to pedestrians. Second, that this could be considered an ethical problem: is it morally acceptable to increase the risk for pedestrians in order to protect passengers, and at what point does this transfer of risk become unacceptable? Finally, that it is possible to ban a certain mechanical characteristic of cars because it entails a transfer of risk that has been deemed unacceptable.

In principle, nothing prevents us from applying the same strategy to the digital characteristics of self-driving cars. The programming of the cars could cause risk to be transferred. We must decide when this is acceptable or unacceptable and legislate to prohibit transfers of risk that seem unacceptable to us. In practice, however, this strategy runs into several problems. First, the programming of self-driving cars is far more complex than a simple metal bar attached to the front of a car. Any transfer of risk generated by the programming will be the result of myriad small decisions and interactions with the environment, and it will be difficult to predict. This will make the work of manufacturers all the more difficult if they have to satisfy very precise constraints.

Second, we have no concept of what a just distribution of accidents would be. All we have are current statistics on the victims of road accidents, categorized by their role. Of course we could ask manufacturers not to deviate too much from them and therefore to minimize the transfer of risk, but what would the ethical foundations of this decision be? The current statistics for accidents do not reflect moral considerations; they are simply the product of drivers’ reflexes and the environment in which they drive. Why should they be given moral legitimacy by demanding that driverless cars, while having fewer accidents, have the same kind of accidents as humans?

Here we touch on the heart of the moral revolution that self-driving cars confront us with. Until now, we have had little reason to wonder if the distribution of accidents is just or unjust because we couldn’t change it much. It doesn’t do any good to ask human drivers to adjust their driving in order to change the statistics. Things are different with self-driving cars, whose programming could be adjusted in such a way that the statistics change. This new power gives us new responsibilities. Of course, we could react in fear, regretting the creation of these cars that know too much and pose questions we would rather not answer. But we must not forget the fundamental lifesaving promise of this technology. It is now up to us to show our courage and decide together which lives we want to save.


NOTES


	1. European Commission, New Recommendations for a Safe and Ethical Transition towards Driverless Mobility, (Brussels, Belgium: European Commission, 2020), https://ec.europa.eu/info/news/new-recommendations-for-a-safe-and-ethical-transition-towards-driverless-mobility-2020-sep-18_en.


	2. J.-F. Bonnefon, A. Shariff, and I. Rahwan, “The Trolley, the Bull Bar, and Why Engineers Should Care about the Ethics of Autonomous Cars,” Proceedings of the IEEE 107, no. 3 (2019): 502–504.


	3. L. D. Burns and C. Shulgan, Autonomy: The Quest to Build the Driverless Car—and How It Will Reshape Our World (New York: Ecco, 2018).


	4. B. J. Hardy, A Study of Accidents Involving Bull Bar Equipped Vehicles, report no. 243 (Berkshire, UK: Transportation Research Laboratory, January 1996).
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