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Self-driving cars will take a while to get right
If we are to realize the potential of self-driving cars, we need to recognize the limits of machine learning. We should
not pretend self-driving cars are around the corner: it will still take substantial time and effort to integrate the
technology safely and fairly into our societies.
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n 2015, the consultancy firm Gartner put
autonomous vehicles (self-driving cars)
at the very top of its annual ‘hype cycle’.
The technology, according to Gartner, was
between five and ten years away. A year
later, the firm saw the hype subsiding,
and it estimated that the technology was
more than ten years away. An unkind
commentator would point out the paradox,
that the technology seemed to be getting
more distant over time. But the pattern is
actually a familiar one. As an optimistic
technological promise meets the material
world, it slows down and morphs into
something more realistic.
Following the extraordinarily rapid
development of prototypes, self-driving
cars have become a test case for machine
learning in the wild. The driverless dream is
of a car, just like a regular car, but with the
driver removed and a computer in charge.
According to this vision, the computer
would be able to do everything a human
can do, with the added advantages that
it wouldn’t get drunk or distracted and
it would have superhuman vision and
intelligence. The claim is that the car will
be able to understand and navigate its
environment without needing lots of new
infrastructure. Here is a technology that
promises to change the world without
changing the world.
For technology companies, this is an
opportunity to grab a slice of an industry
that has been dominated by old-school
engineers in Detroit, Germany and Japan. In
2017, the CEO of chipmakers Nvidia told a
tech conference, “We can realize this vision
[of self-driving cars] right now”. On the
screen behind him were the words “AI is the
solution to self-driving”.
It’s a seductive narrative, but it’s a
misleading one. If we follow it blindly and
ignore everything else that goes into making
transport work, we could damage our cities,
restrict the benefits to a lucky few and create
new risks.

Where are we going?

In 2015, Lex Kerssemakers, a Volvo
executive, staged a publicity stunt for the
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mayor of Los Angeles. The mayor sat behind
the wheel of a self-driving Volvo XC90 and
the car set off. At one point, according to a
reporter from Reuters, the car got confused.
Kerssemakers immediately deflected
responsibility for his car’s failures onto the
city itself, saying1, “It can’t find the lane
markings! You need to paint the bloody
roads here!” It was a telling reminder that
cars are only part of a much larger sociotechnical system. For self-driving cars to
work, the world around them will indeed
need to change.
Innovation, according to politicians
and tech developers, is a race. The people
developing self-driving cars talk about a
race to ‘full autonomy’. We sort of know
what they mean, but the word ‘autonomous’
is deceptive. The historian David Mindell
argues2, “there are no fully autonomous
systems … The machine that operates
entirely independently of human direction
is a useless machine. Only a rock is truly
autonomous.” Robots are designed to
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work in particular circumstances, in
predictable environments. Self-driving
cars will not interpret the world as humans
do. They will need detailed maps, they
will need machine-readable infrastructure
and, crucially, they will need other road
users to behave predictably. In Arizona,
Waymo has already encountered public
recalcitrance. Pedestrians do not and will
not behave as though they are bits of the
background. They will be active, responsive
and occasionally disruptive. On the rare
occasions that self-driving car developers
have admitted this and suggested that
pedestrians will need to be taught how to
behave, they are understandably accused of
moving the goalposts3.
‘Autonomous’ vehicles will never run
truly free. They will always be constrained
to an operational design domain, in which
weather conditions, speed of operation and
place will be just three factors. Rather than
asking when self-driving cars will arrive, we
should instead ask where, and how. This will
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not be a technology available for all. There
are some difficult questions about who is
likely to benefit and who is making the
decisions.

Who’s driving?

To think seriously about the ways in which
self-driving cars might change the twentyfirst century, the history of the motorcar
in the twentieth century is a useful guide.
The historian Peter Norton describes how,
at the dawn of the motor age, a powerful
lobby was able to convince American cities
to hand over public space and build more
roads in order to realize the potential of a
new technology — the internal combustion
engine car4. People without vehicles were
relabelled as ‘pedestrians’ or, if they were in
the road, ‘jaywalkers’. As the United States
and other countries transitioned to embrace
cars, there were huge benefits, but also great
costs. More than 40,000 people still die every
year in the US because of cars, and many US
cities are now trying to extricate themselves
from car dependency. If we do not engage in
a democratic discussion about self-driving
cars now, governments will be bumped into
making costly changes to suit a particular
technology, which they may later regret.

How can we change direction?

The most urgent question is safety. The
crash a year ago in which Elaine Herzberg
was killed by a self-driving Uber SUV is
still under investigation by the US National
Transportation Safety Board (NTSB). Their
report will help us understand the extent to
which algorithmic outputs can be completely
explainable. Self-driving car crashes have
understandably received substantial public
attention. We should not get stuck in a
discussion of whether self-driving cars
will be more or less safe than conventional
cars. Machine learning will be a powerful

way to avoid human error, but if we want
to see rapid improvements in safety, as we
have with air travel, we also need processes
of social learning that will allow social
institutions to understand the uncertainties
of new technologies and avoid the repetition
of mistakes5. Advances in computer vision
that have enabled the testing of self-driving
cars have been remarkable, but some recent
studies suggest that image recognition
algorithms can be fragile and their failures
hard to explain6,7.
When planes crash, investigators use
‘black box’ data recorders to understand
what happened and why, helping ensure
that mistakes aren’t repeated. The focus
is on learning rather than blame. The
NTSB has a slogan: anybody’s accident is
everybody’s accident. My collaborators
Alan Winfield and Marina Jirotka have
argued that artificial neural networks will
be hard to validate and verify. They propose
that all robot systems should carry ‘ethical
black boxes’ to help accident investigation8.
Companies will be loath to share their data,
but we know machine learning performs
most reliably when algorithms can learn
from as many experiences as possible,
including accidents. The privatization of
data could lead to a de facto privatization of
transport, from which many will lose out.
Governments need to be clear about what
they want from self-driving technology.
At the moment, most have prioritized
innovation for innovation’s sake. They
now need to agree principles — perhaps
including safety improvements, free flow
of traffic, sustainability, liveable streets or
universal access to mobility — which will
help guide innovators.
Science, according to Harvey Brooks,
should be the ‘conscience of technology’,
and machine learning is no different9.
Researchers will play a vital role, not just in

making systems work, but also in finding
new ways for them to be interpretable. This
is not just about doing ‘ethical’ machine
learning. It also involves honesty about the
limits and downsides of machine learning.
Decision makers will rely on machine
learning researchers to tell them not just
what the technology can do, but also what
it can’t do. People in transport policy
need to know the ways in which machine
intelligence differs from human intelligence
so that they can make good decisions about
the technology. A dialogue between experts
in machine learning and those in transport
planning will help put the technology in its
place, which ultimately is the only way we
will see the promised benefits.
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