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Safety Assurance for Automated Driving Systems: Consultation Regulation Impact Statement 

Please find following our submission to the National Transport Commission's consultation regulation 
impact statement: “Safety Assurance for Automated Driving Systems.” While we acknowledge the 
decision of the National Transport Commission to exclude ethical considerations from this 
consultation, whom suggest the requirement for automated driving systems entities (ADSEs) to 
explicitly include ethical criteria in their statement of compliance will not provide additional safety 
benefits, we argue that the question of how we facilitate the inclusion of autonomous vehicles into the 
transport system is necessarily an ethical one. While we believe that ethics is inextricably linked to the 
question of safety, we also argue that the larger ethical challenge posed by driverless vehicles for 
transport policy is to ensure that the most socially and environmentally beneficial outcomes are 
realised. 

In response to this RIS, we believe questions 6: ‘Are the proposed safety criteria and obligations on 
ADSEs sufficient, appropriate and proportionate to manage the safety risk?’; and 7: ‘Are there any 
additional criteria or other obligations that should be included?’ cannot be adequately answered if 
ethical considerations are quarantined from discussion. Briefly here, for we discuss the issue more 
broadly in Appendix A, ethics is inherent to the concept of safety, which must stipulate acceptable 
levels of harm.  In crash scenarios, which will be unavoidable, ADS will encounter a duty to act. This 
duty is discharged in relation to persons and their wellbeing, and as such, is an ethical one. Further, 
overarching directives mentioned by the NTC, such as human life is to be valued above all else, and 
that programming ADS to limit the harm done may be acceptable, are fundamentally ethical in nature. 
Also, the prohibition of programming crash scenarios that discriminate against individuals based on 
characteristics such as age and gender, while welcome, is itself an ethical incursion in real world 
scenarios. Such ethical decisions should be transparent and explicitly acknowledged within the 
vehicles duty to act. During the duty to act, the question of how best to protect vulnerable road users 
will also arise, and the appropriate response may in fact require discrimination based on levels of 
vulnerability to deliver the greatest benefit. This form of discrimination may also involve a heightened 
risk for vehicle passengers, who will, at times be the least vulnerable party in a crash scenario.  

Finally, we hope the attached paper, published in Transportation Research Part C: Emerging 
Technologies, speaks to some of these issues. In addition, we believe our article helps situate 
questions regarding the regulation of automated vehicle safety within the broader context of the 
ethical debate concerning the future impact of driverless vehicles on urban planning, and transport 
policy.  

Thank you for considering our submission. Please feel free to contact Professor Robert Sparrow if 
you would like to further discuss our response. 
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Professor Robert Sparrow and Dr Mark Howard 
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Abstract 

It is often argued that driverless vehicles will save lives. In this paper, we treat the ethical case for 

driverless vehicles seriously and show that it has radical implications for the future of transport. 

After briefly discussing the current state of driverless vehicle technology, we suggest that systems 

that rely upon human supervision are likely to be dangerous when used by ordinary people in real-

world driving conditions and are unlikely to satisfy the desires of consumers. We then argue that the 

invention of fully autonomous vehicles that pose a lower risk to third parties than human drivers will 

establish a compelling case against the moral permissibility of manual driving. As long as driverless 

vehicles aren’t safer than human drivers, it will be unethical to sell them. Once they are safer than 

human drivers when it comes to risks to 3rd parties, then it should be illegal to drive them: at that 

point human drivers will be the moral equivalent of drunk robots. We also describe two plausible 

mechanisms whereby this ethical argument may generate political pressure to have it reflected in 

legislation. Freeing people from the necessity of driving, though, will transform the relationship 

people have with their cars, which will in turn open up new possibilities for the transport uses of the 

automobile. The ethical challenge posed by driverless vehicles for transport policy is therefore to 

ensure that the most socially and environmentally beneficial of these possibilities is realised. We 

highlight several key policy choices that will determine how likely it is that this challenge will be met. 
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Introduction 

Every presentation by an engineer on the topic of driverless vehicles that we have seen has begun 

with a statistic about road crash fatalities. Worldwide, 1.25 million people are killed annually by 

people driving cars (World Health Organization, 2015, p. 2). An oft-cited statistic is that over 90 

percent of all road traffic accidents are a result of human error and behaviour (Anderson et al., 2016; 

Gao et al., 2014; National Highway Traffic Safety Administration, 2008). Driverless cars, we are 

solemnly informed, can do better. They will save lives (Anderson et al., 2016; Garza, 2011, p. 606). 

The case for driverless vehicles is ultimately, then, an ethical one. In this paper, we want to take this 

claim seriously and show that it has radical implications for the future of transport. Our argument 

proceeds via a simple dialectic. As long as driverless vehicles aren’t safer than human drivers, it will 

be unethical to sell them (Shladover, 2016). Once they are safer than human drivers when it comes 

to risks to 3rd parties, then it should be illegal to drive them: at that point human drivers will be the 

moral equivalent of drunk robots. Freeing people from the necessity of driving, though, will 

transform the relationship people have with their cars, which will in turn open up new possibilities 

for the transport uses of the automobile. The challenge posed by driverless vehicles for transport 

policy is therefore to ensure that the most socially and environmentally beneficial of these 

possibilities is realised. 

In the first section of the paper, we briefly discuss the current state of driverless vehicle technology 

and argue that systems that rely upon human supervision are likely to be dangerous when used by 

ordinary people in real-world driving conditions and are unlikely to satisfy the desires of consumers.1 

For this reason, we anticipate that the future of driverless vehicles will be vehicles that are fully 

autonomous and do not require human supervision.2 In section 2, we argue that the invention of 

fully autonomous vehicles that pose a lower risk to third parties than human drivers will establish a 

compelling case against the moral permissibility of manual driving. We also highlight two plausible 

mechanisms whereby this ethical argument may generate political pressure to have it reflected in 

legislation. In section 3, we acknowledge some complexities that section 2 neglects for the sake of 

ease of exposition. In the fourth section, we offer some predictions about the implications of the 

adoption of autonomous vehicles for the future of the automobile and of the city. In the fifth and 

final section, we highlight several key policy choices that will determine whether or not the best 

outcomes made possible by the development of autonomous vehicles will be realised. 

                                                      
1 The SAE international standard for defining levels of automation, which we adopt in this article, 
ranges from no automation (level 0) to full automation (level 5). Levels 1-3 require human supervision 
and human takeover when the driving task is beyond the capacity of the automated vehicle system, 
while levels 4-5 operate without human assistance (level 4 in certain environments): see (NHTSA, 
2016) and (Shladover, 2016). 
2 Unless otherwise noted, when discussing fully autonomous vehicles we are referring to vehicles with 
SAE level 4 automation, where “an automated system can conduct the driving task and monitor the 
driving environment, and the human need not take back control …” (NHTSA, 2016, p. 9), capable of 
driving in North American and/or European cities and on sealed country roads. While also relevant, 
achieving SAE level 5 automation where “the automated system can perform all driving tasks, under 
all conditions that a human driver could perform them,” (NHTSA, 2016, p. 9) is unnecessary for the 
success of our argument. By way of explanation, an SAE level 4 automated vehicle may be capable 
of performing all driving tasks on all designated roads, while being incapable of off-road driving, with 
the latter preventing its designation as SAE level 5 . 
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1. Safer at Any Speed: The Argument for Driverless Vehicles 

Driverless vehicles are widely anticipated to represent the future of transport (Bamonte, 2013; 

Bilger, 2013; Burns, 2013). The date at which we may expect their arrival, however, is the subject of 

some dispute. According to some authorities, driverless cars are possible already and will be on the 

market by 2020 (Fagnant and Kockelman, 2014, p. 1; Burns, 2013, p. 182). Other writers are more 

cautious and suggest that it will be perhaps another two or three decades before the technology of 

driverless vehicles is mature enough to be suitable for widespread use (Litman, 2015, p. 1; 

Shladover, 2016). The explanation for this difference in expectations regarding the timeframe for the 

introduction of driverless vehicles lies in a difference in opinion regarding the extent of the 

technological challenges that will need to be overcome in order for them to safely integrate into the 

transport environment. 

One popular theory about how driverless vehicles will take their place on the roads involves 

gradually increasing levels of automation of tasks currently performed by humans while still 

retaining human supervision of the driving task. According to this way of thinking, cruise control and 

anti-skid braking systems, already widely adopted, represent the beginnings of autonomous driving 

(Garza, 2011, p. 584; Fagnant and Kockelman, 2015a, p. 168; Gordon and Lidberg, 2015, p. 959); lane 

change assist and automated freeway driving represent the next step, with Tesla’s “autopilot” most 

of the way to realising this latter goal (Singhvi and Russell, 2016; Vlasiv, 2016). By progressively 

extending the capacities of these technologies, engineers will be able to produce vehicles that can 

drive in a larger and larger set of environmental and road conditions, as long as a human being is 

available to step in should conditions exceed the capacities of the vehicle to handle them safely 

(Gordon and Lidberg, 2015).3 

The driverless vehicles that are being tested on the roads today almost all rely upon supervision of a 

human being in order to drive at speed under real-world conditions in urban environments (Thrun, 

2010; Goodall, 2014a, p. 58; Google, 2016). That is to say, they have only Level 3 or Level 4 

autonomy. However, there is an obvious problem with this approach, which we believe will be 

extremely difficult to overcome: at some point in the not too distant future, when driver assist 

systems become sufficiently reliable, the human “supervisor” will stop paying attention. Human 

beings quickly cease to pay attention to — or even to perceive — features of their environment that 

are not relevant to the tasks in which they are engaged (Merat and Jamson, 2009). To a certain 

extent this dynamic may be resisted by trained professionals, such as airline pilots, or by engineers 

who are being paid to monitor the activities of driverless vehicles in order to improve them. 

Nevertheless, an ordinary person “supervising” the activities of an autonomous vehicle that is 99.9% 

reliable will quickly cease to be engaged in this task. If the vehicle then requires them to take control 

quickly when circumstances exceed the capacity of the driving software to manage them safely, the 

human supervisor is unlikely to be able to do so effectively (Shladover, 2016). It may take more than 

30 seconds — and will at minimum take 2 seconds — for a human being to regain situational 

awareness when required to do so (Lin, 2015, p. 72; Kirkpatrick, 2015, p. 20; Radlmayr et al., 2014). 

It might be thought that as long as the autonomous driving systems fail gradually and gracefully it 

will be possible to arrange for a human driver to retake control of the vehicle as required.4 Driverless 

vehicles need not be able to cope with all road conditions, for instance, in order to be useful. For 

                                                      
3 This appears to be the pathway to the introduction of driverless vehicle technology being pursued by 
Tesla: see (Bhuiyan, 2016). 
4 For a discussion of ‘safe’ handover scenarios see (Gold et al., 2013)  
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example, a car that is capable of driving on freeways but not local roads might simply alert the driver 

and require them to retake control as it approaches the end of the freeway.5 Equally well, however, 

if conditions may change rapidly in a given geographic area, this will cause problems. A sudden 

hailstorm that renders the roads slippery, for instance, or unexpected roadworks, may rapidly 

transform safe into unsafe driving conditions.6 

One problem with relying on human drivers to take the wheel when driving conditions change, over 

the longer term at least, is that the improved reliability of driverless vehicle’s is likely to be 

accompanied by a loss of skill amongst human drivers. As more and more of our daily commute is 

handled by driverless vehicles our opportunities to practice and even learn how to drive will 

disappear. Moreover, it is hard to see how it would be possible to rule out situations that required 

human decision-making within a fraction of a second once vehicles began operating at high speeds. 

A child will run out from behind a car, for instance, or wildlife will enter the road,7 or a vehicle will 

unexpectedly veer out of the opposite lane as a result of sudden mechanical failure or of the driver 

having a heart attack. Put enough driverless vehicles on the roads and even the rarest of 

circumstances becomes inevitable. Unless driverless vehicles are capable of handling them more 

reliably than human beings, we can expect such circumstances to generate numerous accidents 

(Goodall, 2014a; Goodall, 2014b).8 

Furthermore, once driverless vehicles become reliable enough, people are likely to rely on them 

completely. Busy parents will put their children in the car and instruct it to drive them to school. Pet 

owners will send their pets to the vet without making the trip themselves. People will fall asleep, or 

read a book, enjoy being drunk, or choose to have sex, while the car drives itself. Moreover, 

driverless vehicles will provide autonomy of movement to individuals with physical or cognitive 

constraints that currently exclude them from driving cars. Even if the vehicle can provide several 

seconds of warning before requiring manual control to be re-engaged, then, there may be no one in 

a fit state to do so. 

One solution would be to provide the vehicle with the capacity to monitor whether the “supervisor” 

was paying attention to the route, traffic, and road conditions. Vehicles could sense whether the 

driver had their hands on the steering wheel, track their gaze, and monitor signs of physiological 

                                                      
5 Such scenarios, where an autonomous vehicle detects that it is operating outside of its ‘operational 
design domain’ (ODD) and alerts the driver to resume control, are identified as an element of the ‘fall 
back’ or ‘minimal risk condition’ appropriate to automated vehicles in the U.S. Department of 
Transport’s Federal automated vehicles policy (NHTSA, 2016, p 30). A potential ‘fall back’ option is 
that of ‘teleoperation’ where control of the vehicle is handed over to a remote operator situated in a 
centralised control centre: Kim and Ryu (2013) offer an explanation of a potential teleoperation 
system. 
6 The problems posed by changes in driving conditions due to weather are evidenced by a recent 
future automobile technology competition in South Korea: See (Ackerman, 2014) 
7 In the US in 2000, there were approximately 256, 000 crashes involving wildlife (Goodall, 2014b, p. 
95) 
8 While some proponents of automated vehicles promote vehicle teleoperation as a possible solution 
in critical handover situations, we find this implausible. Effective teleoperation (where the controller 
will presumably be in a 1 to many relation with an automated fleet) in response to dangerous 
situations bought about by automated system malfunction or unforeseen hazards in the driving 
environment may prove even more problematic than takeover control by the human driver. The 
concerns with the human supervisor’s delayed return to situational awareness in handover situations 
that we discussed in section 1 persist, and may even be exacerbated, in the case of takeover via 
remote control, because the remote operator will have had even less opportunity than a person in the 
vehicle to develop situational awareness. Further, scaling up teleoperation strategies to meet the 
demands of a large fleet of driverless vehicles, and consumer response to vehicle remote control, 
would seem to make this option unlikely. 
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arousal. If the human driver ceases to meet some predefined set of conditions, the vehicle could 

insist on manual control or safely slow to a halt. This is, for instance, the approach taken by the Tesla 

autopilot feature, especially after the notorious crash in Florida (Lambert, 2016; Tesla, 2016). The 

feasibility of this solution requires that technologies not emerge to allow vehicle owners to hack or 

otherwise bypass these systems.  

However, at a deeper level, the problem with such a “solution” is that it jeopardises most of what 

people are likely to consider the advantages of a driverless vehicle. What is the point of a driverless 

vehicle where one still needs to pay attention to the driving task? If I need to be paying attention to 

the road conditions in order for the vehicle to function, then I might as well be driving. We anticipate 

that consumers will quickly turn against autonomous driving systems that do not in fact provide the 

benefits they promise in terms of freeing the occupants of vehicles from the necessity of driving 

them. 

For these reasons, we believe that the safest way to bring a driverless vehicle to market — both in 

terms of commercial risks and road accident fatalities — would be to design and manufacture a 

vehicle that possessed SAE level 4 (or 5) autonomy and did not require those inside it to pay any 

attention to the road conditions encountered on their daily commute in order to safely travel from 

point A to B.9 This is a much more challenging task because such a vehicle would need to be capable 

of handling sudden changes in road and environmental conditions and a wide range of unusual 

circumstances as well as human beings do. While driverless vehicles are some way from meeting this 

standard yet (Goodall, 2014a, p. 990; Gordon and Lidberg, 2015), as per the frequent 

prognostications of engineers it seems highly likely that autonomous vehicles will eventually prove 

much safer on both sealed rural roads and city streets than vehicles driven by human beings.10 There 

is no reason to believe that the driving record of even the best human being represents the upper 

limit of performance in this task. Moreover, we do not believe that an autonomous vehicle needs to 

be “perfect” — in the sense of capable of always avoiding collisions — in order to be ethical. If 

driverless vehicles would produce fewer road fatalities than would human drivers driving at the 

same speeds, this will establish a strong public policy case for trying to shift to a fully driverless 

vehicle fleet as soon as possible.11 The human cost of the road toll is tremendous. The social and 

economic cost of caring for those who are the victims of road trauma in both the short and the long 

term is a significant drain on the public purse (World Health Organization, 2015, p. ix). Governments 

will have strong ethical, public policy, and economic reasons to incentivise the uptake of driverless 

vehicles once their introduction would reduce the road toll. 

In short, we are inclined to believe that the story engineers tell about driverless vehicles — that they 

will reduce the road toll by virtue of being safer than human drivers — will eventually prove true. 

The implications of this denouement when it arrives are, however, more radical than is usually 

acknowledged. 

                                                      
9 According to (Wakabayashi, 2016), this is the approach Google (now Waymo) is adopting to the 
development of driverless vehicle technology. 
10 When this will occur is another matter: our argument is agnostic on this question. 
11 Note that one way that introduction of driverless vehicles will facilitate a reduction in the road toll is 
by moving the occupants of vehicles that have a sole occupant on a particular journey into the rear 
seat. This simple change in location should be expected to significantly reduce the road toll. 
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2. When human beings are like drunk robots 

While individuals arguably have a right to risk their own lives, their right to impose risks on non-

consenting third parties is much weaker. It would be tempting to say that they have no such right 

were it not for the fact that our current and historical practice regarding the automobile gives lie to 

this claim so obviously. Every time a driver gets behind the wheel of a car they put the lives of other 

people at risk. Moreover, numerous laws and engineering standards tolerate and endorse the 

imposition of risks on third parties well beyond those that would be imposed by alternative 

institutions (for instance, enforcing a lower speed limit). 

Nevertheless, there is clear evidence in the history of the evolution of the law regulating driving that 

the public resents the imposition of risk that is not reasonably understood to be necessary to 

securing the goods provided by motor travel (namely, transport and convenience). In particular, the 

robust public support for laws that prohibit driving whilst under the influence of drugs or alcohol 

testify to the fact that people don’t like it when drivers place them at an elevated risk of death or 

injury.12 Hostility towards the imposition of risks on third parties may also be perceived in the 

increasing support for laws regulating passive smoking (Borland et al., 2006, p. 39). 

If vehicles without a human being at the controls are safer than vehicles with a human being at the 

controls, then the moment a human being takes the wheel they will place the lives of third parties — 

as well as their own lives — at risk. Moreover, imposing this extra risk on third parties will be 

unethical: the human driver will be the moral equivalent of a drunk robot. Eventually, we believe, 

the compelling moral argument against human drivers will be reflected in law: driving will be made 

illegal. 

We can imagine at least two circumstances that will provide an institutional impetus to prohibit 

human drivers. 

First, and most obviously, a test case might arise in which a human being is in control of a vehicle 

that is also fitted with a state-of-the-art autonomous driving system when it causes someone other 

than the driver to be severely injured. The injured party — perhaps an occupant of another vehicle, a 

pedestrian, or a passenger in the vehicle — will then sue the driver, insisting that the latter was 

negligent in taking the wheel. If it can be shown either that the autonomous driving system was 

much less likely to cause a crash than the human driver, in general, or in this particular situation, 

then the plaintiff’s case is likely to be granted.13 In the short term, this will establish a precedent that 

to take control of a vehicle fitted with autonomous driving software is to open oneself to significant 

legal jeopardy. In the long-term, it is likely to generate legal and political pressure to make it illegal 

to take the wheel of a vehicle on a public road.14 

                                                      
12 See for example: (National Highway Traffic Safety Administration, 2011); (Department for 
Transport, 2015) 
13 Data on the relative safety of driverless versus manual vehicles will very quickly become available 
once driverless vehicles are on the roads. Moreover, given the amount of data and telemetry they will 
generate, information about the performance of driverless vehicles in various road and traffic 
conditions will be extremely fine-grained. As we have argued here, if driverless vehicles are not safer 
than human drivers they should not be on the roads at all. 
14 It might be objected that concern about the road toll has not generated public support for the 
mandatory introduction of other technologies, such as speed limiters, which would also greatly reduce 
the number of people killed on the roads. We believe that driverless vehicle technology is likely to be 
treated very differently to speed limiters by the public. Where speed limiters appear as limits on the 
functionality of cars, which disadvantage the driver, driverless vehicle technology presents itself — 
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Second, an injured party or their relative, or perhaps the government itself, might take the 

manufacturers of vehicles without autonomous driving capability and/or those that allow optional 

human control of the vehicle to court for manufacturing an unsafe product. Once autonomous 

driving systems become safer and more reliable than human drivers, placing a human being at the 

control of the vehicle will produce casualties that were foreseeable. Indeed, it would be 

unreasonable to believe that this would not place people’s lives at risk.15 At some point, then, 

providing the option of manual control will fail the ‘risk-utility test’ and will be a violation of the 

standard of care that manufacturers owe consumers (Marchant and Lindor, 2012, pp. 1323-1324).16 

It is worth noting that financial incentives may play an independent role in motivating the removal of 

the option for manual driving once driverless cars are safer than human drivers. By virtue of being 

less prone to accidents, driverless vehicles will be cheaper to insure (Fagnant and Kockelman, 2015a, 

p. 174).17 Hire companies will prefer to rent out cars without steering wheels and these will be 

cheaper to rent than vehicles that allow the option of driving. Similarly, insurance policies will be 

cheaper for car owners or users who renounce the option of driving. Finally, it will be cheaper to 

manufacture vehicles that only offer autonomous driving than those that offer the option of 

autonomous or manual operations, simply because the latter requires extra systems and 

components. Even if driving remains legal for some time, then, the fact that it will be more 

expensive than letting the machines take us from place to place may lead to a rapid decline in the 

number of vehicles that include the option of driving. 

3. Some subtleties 

While the broad brush-strokes of the account we have offered here are accurate there are two 

subtleties that we have neglected thus far for the sake of ease of exposition. The first concerns the 

standard of performance required of driverless vehicles before it will be ethical to promote them to 

consumers. The second concerns the policies that are likely to emerge as driverless vehicles come 

onto the market. 

Because a small percentage of drivers, who are young or reckless, are responsible for most road 

crash fatalities (World Health Organization, 2015; Jonah, 1986), driverless vehicles may be safer than 

                                                      
and is promoted— as an enhancement of the functionality of cars which free drivers from the burden 
of having to drive. Consequently, risking the lives of third parties by refusing to use driverless 
technology is likely to be viewed with much less sympathy by other members of the public than 
refusal to fit a speed limiter. Our thanks to an anonymous referee for encouraging us to respond to 
this objection. 
15 Under the stated conditions, designing a level 4 (or 5) automated vehicle with the capacity for 
human takeover seemingly conflicts with the U.S. Department of Transportation’s ‘Federal automated 
vehicles policy’ with regard to risk assessment of ‘safety-critical system functionality’: see (NHTSA, 
2016, p. 21).  
16 This violation is interpreted in accordance with the third category of defect–design defect—outlined 
in § 2 of the Restatement (third) of Torts: Products liability (American Law Institute, 1998). See also 

(Villasenor, 2014). Note that in this scenario, the aggrieved party might even be the driver of a vehicle 
that allowed the option of taking the wheel. While an appropriately worded and strong end user 
agreement might protect manufacturers from suits by those who had purchased their products, it’s 
hard to see how they could prevent injured third parties from taking them to court to argue that 
manual vehicles are inherently unsafe. 
17 There is already some evidence that requiring all vehicles to be fitted with systems that achieve 

only a partial automation of the driving task would produce a net social benefit. See: (Harper et al., 
2016) 
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the average driver without being safer than most drivers. This means that our answer as to the 

threshold of safety required for the introduction of driverless vehicles to be ethical turns on a larger 

question about the kind of ethical theory appropriate to public policy. For consequentialists, who 

believe that the test of public policy is its overall social consequences, the calculation will be 

straightforward and as we described it above: driverless vehicles should be introduced the moment 

doing so will reduce the road toll. That is to say, they should be introduced when they are safer than 

the average driver. However, this conclusion requires a willingness to trade-off the interests of 

different individuals of the sort that utilitarianism is notorious for and for which it has been roundly 

criticised (Rawls, 1971, pp. 22-29; Williams, 1973). If we focus on the situation of the vast majority of 

drivers who might actually be exposed to a (slightly) higher risk of death or injury in a driverless 

vehicle it becomes apparent that we would be trading off their safety – and occasionally their lives 

— for benefits that will accrue to others. If they were adequately informed about the implications 

for their personal safety, then, presumably they would not wish to travel in a driverless vehicle. 

Those inclined to endorse a more “Kantian” ethics, which emphasises our obligations to particular 

individuals understood as ends in themselves, may therefore be moved to conclude that we should 

not encourage the introduction of driverless vehicles until they are safer than most drivers — or 

perhaps not until they are safer than even the best human driver. 

While this is an interesting irruption of a philosophical debate into a real-world policy context, this 

particular problem is unlikely to delay the introduction of driverless vehicles — or the arrival of the 

date at which it should be made illegal to drive — for very long. If it’s possible to manufacture a 

driverless vehicle that is safer than the average human driver then it will be possible to manufacture 

a driverless vehicle that is safer than even the best human driver. While the challenges involved in 

overcoming the first hurdle are profound, the difference between the first and the second hurdle are 

merely a matter of degree: given the nature and rate of progress in computer science and 

information technology, we should expect this gap to be closed quickly.18 

Even if this turns out not to be the case, there are strong reasons for thinking that when it comes to 

questions of public policy — and especially questions related to public health — governments should 

be inclined to reason as utilitarians (Goodin, 1995). Any transport policy places some people at risk: 

delaying the introduction of driverless vehicles that were safer than the average driver because they 

weren’t yet as safe as the best driver would risk the lives of many to avoid risking the lives of a few. 

The implications of a second epicycle on the larger trajectory of the argument above are more 

substantial. Even if governments and insurers would prefer everyone to use driverless vehicles they 

will not be able to achieve this overnight. Because that the average car owner waits approximately a 

decade before replacing their car (Litman, 2015, p. 12; European Automobile Manufacturers 

Association, 2016; IHS Markit, 2014), most cars on the road will still require a human driver for many 

years after driverless cars become available.19 Some drivers will remain emotionally or aesthetically 

attached to their cars and will want to keep driving them even when new models are much safer. It 

is therefore hard to imagine that governments will be able to secure political support for making 

manual driving simpliciter illegal even when doing so would lower the road toll. For these reasons, it 

                                                      
18 Ford Motor Company aim to launch commercial SAE level 4 autonomous vehicles, which have no 
option for human take-over, by 2021 (Bhuiyan, 2016). BMW have nominated a similar release date for 
their fully autonomous vehicle, and the recent advances in machine learning has seen multiple 
companies producing “autonomy technology” comparable to that of Google and Tesla (Condliffe, 
2016). For a list of recent predictions regarding the launch dates of autonomous vehicles, see 
http://www.driverless-future.com/?page_id=384. 
19 Cars in the EU are on average 9.8 years old (European Automobile Manufacturers Association, 
2016) and in America 11.4 years old (IHS Markit, 2014). 
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is most plausible to think that laws will be passed to require all new vehicles to be provided with the 

capacity for autonomous driving and with no option for manual driving. Alternatively, it might simply 

be made illegal, while on a public road, to manually drive a car that had the capacity to operate 

autonomously. 

Both of these options concede that the vehicle fleet will remain mixed for a significant period of time 

after the date on which driverless vehicles become safer than vehicles driven by human beings. This 

concession is regrettable because there are strong reasons for moving to an entirely driverless 

vehicle fleet as soon as possible. 

One of the most difficult challenges for SAE Level 4 and Level 5 autonomous vehicles is predicting 

and responding to the actions of human drivers. In comparison, the actions of other driverless 

vehicles will almost certainly be predictable and their intentions transparent to driverless vehicles, 

which will most likely be in constant communication with each other in order to share information 

about traffic conditions and coordinate their use of the roads (Ferreras, 2013, pp. 409-410; Fagnant 

and Kockelman, 2015a, pp. 170-171). The presence of human drivers on the roads will also pose 

another — more profound — challenge to driverless vehicles, owing to the likelihood that human 

drivers will quickly learn to take advantage of the programmed behaviour of their driverless 

counterparts. If autonomous vehicles are designed to prioritise the safety of their occupants as well 

as of other persons, then human beings may learn to cut in front of autonomous vehicles — or not 

to give way to them — on the assumption that the autonomous vehicle will give way every time in 

order to avoid an accident.20 For both these reasons, driverless cars would be much safer if they did 

not need to worry about the foibles of human drivers. 

Mixing driverless vehicles and human drivers also poses challenges for human drivers. Most of the 

collisions that have occurred in trials of driverless vehicles to date have occurred where driverless 

vehicles stop unexpectedly, for example at an amber traffic light or congested intersection, when 

human beings do not anticipate that they will (Richtel and Dougherty, 2015). People rely on an array 

of cues beyond the trajectory of the vehicle to safely navigate traffic (Richtel and Dougherty, 2015, 

p. 5; Sivak and Schoettle, 2015). We communicate our intentions through an array of bodily 

performances and we can perceive when a driver may be distracted by the crying child beside them, 

the ringing phone, or their friend in the back seat and take account of these factors (Joint Standing 

Committee on Road Safety, 2016, pp. 22, 39). The absence of such cues from driverless vehicles 

poses a problem for humans (drivers, cyclists, pedestrians) trying to anticipate the actions of a 

driverless vehicle.21 

The difficulty of safely integrating driverless vehicles with vehicles driven by human beings in 

comparison with ensuring passenger safety in a transport fleet composed entirely of driverless 

                                                      
20 This phenomenon, where individuals change their risk-taking behaviour as a result of being in an 
altered environment that makes them feel safer, is known as “offsetting behaviour” or “risk 
compensation” see (Litman, 2015, p. 5; Summala, 1996; Noland, 1995). A related problem is that 
pedestrians may learn that they can safely step out in front of autonomous vehicles in the expectation 
that the vehicles will stop or swerve. This problem obviously cannot be solved just by removing human 
drivers from vehicles (indeed it is caused by it) and so represents a deeper challenge for the introduction 
of autonomous vehicles. It is, for instance, hard to see how we could justify the collective decision that 
pedestrians crossing outside of authorised crossings should expect to be struck by vehicles. Yet absent 
this expectation, there is little to disincentivise pedestrian interference with the operations of 
autonomous vehicles. 
21 The problem of how driverless cars will signal their intentions to other users of the transport 
environment is part of the larger ‘human machine interface’ challenge associated with automated 
vehicle performance: see (NHTSA, 2016, p. 22). 
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vehicles is likely to significantly defer the date by which we will realise the full benefits of 

autonomous vehicles. If governments were willing to make manual driving illegal as soon as 

driverless vehicles would be safer than human drivers are today, in a circumstance in which there 

were only driverless vehicles on the roads, this would save tens of thousands of lives. This is clearly 

unlikely, not least because driverless vehicles are currently being tested in real-world driving 

conditions alongside human drivers in large cities already and also because it would be difficult to 

establish what road conditions would be like with only other autonomous vehicles on the road. 

Nevertheless, the potential to drastically reduce road fatalities by making manual driving illegal 

under the conditions mentioned above, is still a significant policy consideration. 

4. Implications 

Let us now turn to consider some of the implications of the introduction of autonomous vehicles for 

the future of the automobile and for the future of the city. Our claims here are, of necessity, 

somewhat speculative but are, we believe, reasonable and are each supported by observations 

made elsewhere in the literature about driverless vehicles. 

The first, which we will mention only briefly, concerns the future of motor vehicle insurance. Insofar 

as driverless vehicles are in fact “driven” by software all the vehicles running the same software will 

effectively have the same driver. That is, the engineering team responsible for the software will be 

responsible — ethically if not legally — for all of the accidents in which those vehicles are involved 

(Marchant and Lindor, 2012, p. 1326). This fact explains philosophers’ fascination with the question 

as to how autonomous vehicles should resolve this “trolley problem” that will inevitably arise once 

enough autonomous vehicles are on the roads, wherein the computer must decide who lives or dies 

in circumstances where the death of someone is unavoidable (Lin, 2015, p. 78). It also suggests that 

eventually it will be the vehicle manufacturers, or perhaps their software providers, rather than 

individual vehicle owners, who will be insured against damages arising from vehicle accidents. 

Corporations producing driverless vehicles will have a much greater understanding of the risks to 

which they are exposed than individual consumers, especially given that they will have access to very 

reliable data about the performance of their vehicles and the rate of accidents, which in turn 

suggests that they will be much better placed in negotiations with insurers regarding the price of 

insurance. The introduction of driverless vehicles is therefore likely to be extremely disruptive to the 

motor vehicle insurance industry. 

Indeed, second, the advent of autonomous vehicles is likely to be extremely disruptive to the motor 

vehicle industry as a whole. For many people, especially men, the pleasures of car ownership are 

intimately connected with the experience of driving. When a driver is behind the wheel of a car it 

becomes an extension of them and driving a means whereby they can exercise agency and express 

their personality (Gao et al., 2014, p. 1; Litman, 2015, p. 6). Once the car becomes a transport “pod” 

we expect that this link will be broken; people will simply pay much less attention to the vehicles in 

which they travel. We anticipate that this will greatly reduce consumer demand for private motor 

vehicles. More importantly, the economics of owning a car will change dramatically once cars can 

drive themselves. Private motor vehicles are currently unproductive assets 95% of the time, when 

they are not being driven (Bates and Leibling, 2012, p. 24). Autonomous vehicles, though, even if 

privately owned, can be rented out to produce income by driving other people around, when they 

are not needed by the owner. In effect, even private motor vehicles will become part of a general 

transport pool. Access to this pool will, we believe, be facilitated by various companies selling 
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contracts for “transport services”, which will also own fleets of autonomous vehicles themselves.22 

Such contracts will guarantee consumers certain trip times over certain distances at particular times 

of the day. When an individual drops a destination pin on an “app” on her phone and nominates a 

particular arrival or departure time, an autonomous vehicle will be dispatched to provide the 

necessary transport. Depending on the contract, the vehicle might also collect and drop off other 

people travelling similar routes. Signing up with such a provider will offer most of the convenience of 

the motorcar at a fraction of the expense. Perversely, then, the introduction of driverless vehicles 

may be extremely bad for the motor industry greatly undercutting demand for their products.23 

Third, the development of sophisticated Level 4 and Level 5 autonomous vehicles will have dramatic 

implications for the future of cities, architecture and urban planning. When a car can come to you, 

parking at your home or destination are unnecessary. Vehicles could be stored in central locations 

from which they drive themselves when required. As a consequence, private homes could convert 

garages into living or storage space, and governments and urban planners could therefore aspire to 

higher housing densities (Guerra, 2016, p. 215). Office towers, cinemas, and shopping centres could 

do away with the carparks that currently encompass them and isolate them from the surrounding 

community, providing instead a small plaza where people could be dropped off and collected by 

their vehicles. All of these benefits would be realised to an even greater degree if, as we have 

suggested is likely to be the case, the advent of driverless vehicles reduces the total number of 

vehicles in the vehicle fleet. 

Fourth, as their numbers increase relative to ordinary vehicles, driverless vehicles will also enable 

innovative uses of existing roads to decrease journey time or allow higher traffic densities.24 

Driverless vehicles in communication with each other will be able to safely reduce the distance 

between vehicles because all members of the resulting “convoy” will be able to brake or accelerate 

simultaneously as required (Shladover et al., 2012; Fagnant and Kockelman, 2015a, p. 170; Gordon 

and Lidberg, 2015, p. 970). Central route allocation services will be able to distribute traffic across 

the road network to minimise congestion (Fagnant and Kockelman, 2015a, p. 170). Eventually, when 

there are no human drivers, traffic lights, give way signs, street signs, speed limit signs, and a good 

deal of other physical infrastructure will no longer be necessary, being replaced with digital versions 

in a “cloud”: cars will adjust their speeds automatically to safely handle road and traffic conditions 

and will “bid” for the right to cross intersections at a particular time in an electronic auction 

conducted amongst all the vehicles approaching the intersection (Zohdy and Rakha, 2016; Levin and 

Boyles, 2015; Levin et al., 2016). Importantly, however, these benefits will only be realised if 

governments and manufacturers can agree upon a set of standards that will allow vehicles built by 

different manufacturers to communicate safely and effectively.25 

Fifth, although, as we have argued, the advent of driverless vehicles seems likely to reduce the total 

number of vehicles in the fleet, it will also increase the average number of hours each day those 

                                                      
22 For discussion of shared autonomous vehicle modelling see: (Fagnant and Kockelman, 2015b; 
Fagnant and Kockelman, 2014). 
23 The opportunity to massively reduce the number of vehicles in the fleet is, as we will argue further 
below, potentially one of the most profound benefits made available by this technology. For some 
discussion of why this would be a benefit, see: (Chakraborty, 2009); (Künzli et al., 2000). 
24 As we discuss further below, which of these outcomes will be realised will depend crucially upon 
the public policy choices governments make regarding the transport infrastructure and the legal and 
financial incentives that will shape the public's adoption of driverless vehicle technology. 
25 The process of development of such standards is ongoing. See SAE J2735 
(http://standards.sae.org/j2735_201603/) and the United States Department of Transport connected 
vehicles program (https://www.its.dot.gov/cv_basics/). 

http://standards.sae.org/j2735_201603/
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vehicles that do exist are on the roads. Once cars can drive themselves they are likely to make more 

— and longer — journeys. In particular, relieving human beings of the driving task will make 

transport by light motor vehicle significantly more available to those who are currently restricted by 

an inability to drive or a lack of confidence with driving, including those without driver’s licenses, the 

elderly, people with disabilities, and children. A recent paper estimated that uptake of transport 

using driverless vehicles by individuals in the first three groups might increase the vehicle miles 

travelled by up to 14% (Harper et al. 2016). Various other shifts in commuter and consumer 

behaviour may also increase the number of miles travelled by driverless cars compared to existing 

vehicles. Every adult in what are currently single car households may choose to travel via driverless 

vehicles provided by transport services companies. If people are free to concentrate on other tasks 

while a driverless vehicle takes them to and from work, they may be willing to tolerate longer 

commutes. People may order more consumables online once the items they order can be delivered 

by driverless cars rather than collected from stores or post offices. Absent government intervention 

to encourage other ways of using driverless vehicle technology to travel, all of these dynamics may 

be expected to reduce — although not entirely eliminate — many of the social and environmental 

benefits that might otherwise accrue from the adoption of driverless vehicle technology. 

Finally — and conversely — perhaps the most dramatic implication for the future of the city is the 

potential that driverless vehicles offer to allow a universal and efficient public transport system. 

Trains and light rail can carry high volumes of passengers but only between stations, which means 

that most people must travel from their home and workplace to the station by another means. The 

inconvenience this involves is often enough to discourage people from using trains at all (Mitchell, 

2007). Combining a rail network with a fleet of autonomous buses or minibuses serving passengers 

arriving at and departing from each station could overcome this barrier. Passengers setting off on a 

journey could use a phone app to request to be collected from their home or starting point and 

taken to the station. Passengers arriving at a station could nominate a final destination within a 

certain distance. A central booking system would group individuals who have similar routes and 

assign them to an autonomous minibus that would then collect them or drop them off within some 

specified period. Combined in this fashion, trains plus autonomous vehicles could offer a “door to 

door” public transport service, overcoming the “last mile” problem that currently bedevils public 

transport systems (Ferreras, 2013, p. 410; Mitchell, 2007). 

5. Realising the benefits of a driverless world 

The contemporary excitement about autonomous vehicles relates to proclamations that they will 

save lives, enable swifter and more efficient transport, and enhance our standard of living. However, 

the radical implications of the development of this technology for the future of transport and the 

city are not yet widely understood. In particular, as we have argued here, once autonomous vehicles 

pose a lower risk to third parties than human drivers there is a compelling case against the moral 

permissibility of humans driving.26  

We have identified two ways in which there may arise political pressure to have this ethical 

argument reflected in legislation making it illegal for human beings to drive. In a mixed fleet 

environment, assuming manual control of a vehicle will open individuals to legal jeopardy while 

                                                      
26 Although we have confined our discussion to the issues raised by the development of driverless 
cars, we believe our conclusions generalise to other passenger vehicles, once driverless versions 
there-of become safer than vehicles driven by human beings.  
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manufacturing a vehicle that allows a human being to drive will be in breach the standard of care 

that manufacturers owe consumers. Nevertheless, the length of time it ordinarily takes to replace 

the vehicle fleet as well as the emotional commitment of (some) individuals to driving will make it 

politically difficult for governments to mandate autonomous driving as quickly as a concern for 

public safety would suggest.  

We believe that the social and economic benefits of a large reduction in the road toll establish a 

compelling moral case for governments to provide regulatory support for a swift transition to an 

exclusively driverless vehicle environment. We have, further, emphasised the opportunities that 

driverless vehicle technology creates to establish a universal and efficient public transport system 

and to create more liveable urban spaces by reclaiming public space currently dedicated to carparks 

and freeways. We have also acknowledged that these benefits are by no means guaranteed and that 

the introduction of driverless vehicle technology might instead simply lead to an increase in the 

number of miles travelled in cars, even if the total fleet size is reduced. However, we hold that the 

environmental and public health benefits associated with the former scenario establish a compelling 

case for governments to try to bring it about. This will require both investments in physical 

infrastructure and regulatory incursions into the legal and economic framework surrounding private 

ownership and use of passenger vehicles. In particular, we believe governments should consider:  

• making it illegal to manufacture vehicles that allow for manual driving beyond a certain date 

and/or making it illegal, while on a public road, to manually drive a vehicle that has the 

capacity for autonomous operations; 

• investing in the provision of appropriate infrastructure for, “last mile” solutions using 

autonomous vehicles for public transport. 

• facilitating — and perhaps even subsidising — the provision of ride-sharing services using 

autonomous vehicles 

and, ultimately, 

• working to develop incentive structures to discourage ownership of passenger motor 

vehicles intended for private individual use by their owners on public roads.27 

These suggestions undoubtedly constitute an ambitious policy agenda, especially the last item. Each 

and every one of these will be controversial for reasons that we do not have the space to consider 

here. Nevertheless, as we have argued, the case against human drivers in the future is compelling 

and ultimately, we suspect, public opinion against people behaving like “drunk robots” will drive 

governments to ban human drivers. The question then will be whether society will reap the full 

range of benefits made possible by the development of autonomous vehicles or whether our 

continuing thrall to the idea of individual private motor vehicle ownership will prevent us from doing 

so. This, we believe, is the real ethical challenge posed by the development of autonomous vehicles.  

                                                      
27 Maximising the social and environmental benefits of driverless vehicle technology will require 
minimising a potential “rebound effect” wherein people revert to private vehicle use as mass uptake of 
a more efficient public transport systems supported by driverless vehicles relieves traffic congestion 
and therefore improves travel times for those travelling solely by car (Litman, 2015, p. 5; Ohnsman, 
2014). 
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