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contributed articl

Car automation promises to free our hands
from the steering wheel but might demand

more from our minds.

BY STEPHEN M. CASNER, EDWIN L. HUTCHINS, AND DON NORMAN

The

Challenges
of Partially
Automated

Driving

AUTONOMOUS CARS PROMISE 10 give us back the ime
we spend in traffic, improve the flow of traffic, reduce
accidents, deaths, and injuries, and make personal car
travel possible for everyone regardless of their abilities
or condition. But despite impressive demonstrations
and technical advances, many obstacles remain on

the road to fully autonomous cars.”” Overcoming the
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highwray driving) have already arrived
in the marketplace and promise oo be

challenges to enabling autonomous cars to safely
operate in highly complex driving situations may take |,

some time.

Manufacturers already produce partially automated

cars, and a spinted competition to deliver the most

sophisticated ones is under way. Cars that provide hizgh
levels of automation in some circumstances (such as

in the hands of a large number of car
OWTLETS in the necd few years.

What does increasing automation

require of drivers? The role of the driv-
ar in the extremne cazes of fully manual

key insights

B Driving & car i& becoming & thsk shared

between humans and technology, but are
humans ready 1s just push o button and
L=t the computers do the driving?

Human-computer interaction issues
abound when car aulamation systems

attempt to give drivers advice or assume
control of the wehicla.

Even a= =ome drivers are attentive

behénd thie wheel and aothers lured deeper
ivto distraction, all must be ready to take
control when sutamotion encounters
GErhRF CASEE,



or fully autonomons driving is clear, [n
manual cars, people drive, and in fully
autonamo ri they donot e, Huat
what is the role of a driver in a partially

driver's responsibilities are replaced
by compute me of the time? Par-
tial automarion makes
and parc r, havin
with the prohlem

r oogreth th cormputi

espe
period when the automatic

incomplete and imperlect, requiring
= 1 malntaln ov
metimes intervene and
] 'n.'||.|'.'“|'.=: cortrol,
Here, we review
ing car

dizcuss the challenges drivers will
rface when expected o kcoop
ith them behind the wheel.
‘These aubomation syscems range
thogze that offer informac
tance to drivers o thos
sume control of the vehi
ed sLn
trol af the vel
1ders into w

of previ-
Mety efl-
)
lauiomation as 1L wa
introduced in the alfline

gradually
kpit, Wwe

LEFEThL L
sibility for driving
formed solely by hu-

inter-

fow of them lending themselves oo
lucions. In the end we invite
consider the evidence wa
cide whether drivers are
to “go on autopiloc” behind the
of the next generation of ¢

Provide Advice but Leave
the Driver in Charge
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and cut-the-window scanning for navi-
gational elues is being replaced by a
combination of moving maps, arrow
indiegtors, wverbsel instmuctions, snd
head-up displeys. These devices may
seem simple and the adviee they pro-
vide useful, but a closer cxamination
shows they give rise to numerous prob-
lems,;” many involving safecy.

inattention. Navigation systems must
be programmed, and these interactions
pull drivers" atiention away from the
task of driving. Early research prompred
the National Highway Traffic Safety Ad-
ministration [MHTSA] to issue guide-
limes stating any interaction with in-car
informacion systems should require a
madroner of peo zeconds aca time, and
nx mare than 12 seconds tofal.™ TTow-
ever, 2013 research by Siraver el al™
lfound interacting with volce-controlled
navigation syvslems can be just as dis-
wracting as manually operated sysiems,

Mavigation systems can also give
rise to a second kind of Inattendon.
When a navigation system performs
well over extended periods, drivers
may oo longer fee] they need to pay
cloge attention. Indeed, many psv-
cholopical studies show people have
wouble focusing their attention when
there is little or nothing to attend o,
In such situations, they tend to reduce
their active involvernent and simply
obey the sutomation. There is already
ample evidenee drivers disengage from
the navipetion task when the automa-
ton iz programmeoed to lead the vy
But how pervasive is this? Casner and
Schooler'® found even well-trained air-
line pilots report engaging in copious
amounts of task-unrelated thought, or
“mind wandering,” when an advanced
navigation system is being used and all
is nominally going to plan.

drittleness. (PS navigation shows us
how aucomacion systems can he brit-
tle, solving most problems with ease,
until they encounter a diffienlt, unusu-
al case, and then do no. Consider the
case of one driver in England whose
navigation system commanded a twrmn
owver a cliiTwhen the datbase on which
it relied mistook a foctpath for a road.”
small database errors with large conse-
guences led one early automation hu-
man factors expert o coin the phrase
“Blunders made easy,™

Trist, We might ask what prompted
this driver to follow such an instrue-

Waming systems
can lead pilots

and drivers alike
into trouble when
they fail to alert
and also when

they alert too much.

ton. Drivers can presumably well the
difference bebtween a road and a cliff
It iz not, alas, that easw. Studies in avia-
mon heve shown sutomation systems
carn our st following petiods of im-
peccable performanee, sometimes to
the point we fecl thar the automation
knows besc® Although it is cempting
oo cxplain away accidents as isolated
cxamples of incompetent drivers, our
experience in aviation again cells us
different. Well-trained pilots are prone
oo the same sorts of mistakes; for in-
stance, in 1995, the crew of a Boeing
757 flew into a mountain near Buga,
Colombia, after following the direc-
tions given by cheir erroneously pro-
grammed flight-management system.

Quality of feedback Others have
pednied oui the amount and gualicy
of feedback provided by sysiems like
GPS uniis can make all the dilTerence.
Bome GPS pavigation unlis use their
visual displays w show the vehicle iz
poesitoned in the center of the road but
not where the road leads next or even
if it is not a road at all. With limited
information about context and sur-
roundings, it is easy for drivers to miss
impemant clues when things gowrong,
Some have proposed designing naviga-
tion svstems to more closely match the
way pecple naturally help each other
find their way in a car.”

Skill atrophy. There is good evidence
that cognitve skills erode when not
practiced ropularly. Though we are
awarc of no long-term studics of navi-
wation-skill atrophy in drivers, Casner
et al.® found significant atrophy in the
navigation skills of airline pilots fol-
lowing extended use of a computerized
navigation system.

Mavigation systems are an excellent
example of technology introduced o
automate a task for which people al-
ready seemed reasonably competent.
Yes, drivers got lost before cthe intro-
duction of navigational systems, but
they seldom led to safety-critical inci-
dents, GPS navigation has introduced
many human factors complications we
did not anticipate,

Driverwarning systems, Some kinds
of information-autemation  systems
well us when we are dolng {or are about
w de) something wrong. Speed-Timit
alarms can alert us when we inadver-
wently exceed a pre-set speed limit,
Lane~departure warning systems alert



us when we drift from our lane or at-
tempt to change lanes when the target
lane iz occupicd by another vehicle.
But such advisory systems are not with-
out their limitations,

Complacency. One unintended con-
spquence of alerts and alarm systemy
18 some drivers may substitute the sec-
ondary task of listening for alerts and
alarms for the primary task of paving
attention. Wiener™ termed this effect
“primary-secondary  task  imversion,”
pointing out the problem iz commaon-
place among experienced airline pi-
lots. Palmer et al’ described many
cazes in which pilots missed an as-
signed altitude when an altitude alert-
er [designed to advize pilois of an up-
coming altiiude] falled o sound. Tt is
eazy o imagine drivers allowing them-
selves 1o be disiracied lfor prolonged
periods and relying on alerl sysiems (o
call when Lrouble pops up.

Nulsanee glerts, Warning systems
can lead pillots and deivers alike inwo
trouble when they fail to alent and also
when they alert too much, In aviation,
alerts and alarms given in situations pi-
lots do not find alarming cause them to
ignore the alerts, It is easy to imagine
our own reactions to a systern that con-
tinuwously reminds ws we are driving five
miles per hour over the speed limic A
second problem with alerts is they can
be startling. Although human factors
engineers have learned to minimize
the startle effect of unexpected sound
by adjusting loudness, ose time, and
other characteristics, the physiologi-
cal responses to unanticipated signals
are diffiewlt o avoid. Lastly, when mul-
tiple alems sound simultaneously, the
resulting cacophony can overload and
confuse.! Solutions range from trying
touse different modalites for different
alercs to trying to priovitize the various
alerts, aiming wo present only the most
significant. An alternative approach
would be to present a single holistic
display—whether visual, auditory, or
haptic or all three—that would present
a single cohesive concepiual model of
the situation. All these ideas are still al
the research stage.

Short timeframes, The automobile is
far more dangercus than an alrplane
in several respects, One is the mpldity
withwhich aresponse is required, Inan
airplane Iying at cruising alvitude of 10
kim-12 km, the pilots might have min-

utes in which to respond. In a car, the
available time can sometdmes amount
to & fraction of a second. Drivers must
construct an understanding of the situ-
ation, deride hovw to respond, and do it
suceessfully in short order. Leboracory
studieys of driver reactions to rear-end-
collision alerts show che effectivenesy
of these alerts falls off quickly when
alerr times are short, 4

Summary. Although it sounds sim-
ple enough, the idea of drivers "being
informed" by automated systems is
not straightforward. On the one hand,
systems must keep drivers informed of
the driving conditions, including the
state of the aucaomohile, the road, and
ather cars. Omn the other, too much in-
formaclon can lead o distraciion and a
Failure to attend foany of i,

Assume Control of the Vehicle

A second kind of automatlon can di-
rectly control all or part of an automo-
bile. The arrival of such automation
represents a steady progression from
the wially manual cars we have woday
to fully automated cars tomorrow, To
provide a regulatory framework for
the development and deplovment of
automation that can opemte a car's
vontrels, NHTSA formalized levels o
deseribe the degree of automation.
Level 0 s a totally manual car, Level 4
is a fully self<driving car that requires
nothing from its occupants, or cven
that any ocoupants be presenc, We de-
scribe these levels, along with the ho-
man factors complications knoam o
be associated with increasing automa-
tion of this trpe.

Level O (the mannal car). The Level 0
car is entirely manual. Why discuss cars
with no automation? Because the im-
prowed stabilicy of modem cars and the
smaoothness of paved roads already al-
lenw drivers to take their eyes off the road
and their hands off the steering wheel,
giving us a preview of a first problem
with wehicle-control automation.

figitention. Tevel O cars already re-
duce driving 1o a remarkably mundane
task, sometimes requiring little atten-
tom from the driver and luring the driv-
er into distractlon,

The arlginal behind-the-wheel diver-
slon was talking with passengers, Some
studles conclude in-car conversations
can interfere with driving, ' Yet other
studies demonstrate a “two heads are

contributed articles

better than one” effect, increasing the
total amount of vigilanee in a car when
conversation is carefully managed, 7
These studies reiterate that drivers and
passcngers have 8 shared understand-
ing of the driving context and may be
able to modulate their talking as the
situation demands, 't

Entertainment systems arte 8 knosm
distraction. Aszide from the driver at-
tention required oo cune radio stations
and select music, studies demonstrate
listening to music takes a toll on driv-
ing performance.®

Peraonal electronics devices (such
as mohile phones) provide even maore
distraction. Why do drivers keep talk-
ing, texting, emailing, posting, and
even video callimg?” Roy and Liersch?
showed people who engage In such
behaviors believe they have superior
mullitasking skills. Unloriunately, the
evidence does nol suppor, this view.,
Multitasking is done by rapldly switch-
ing between tasks, not only faking at-
tention from driving but also adding
a heavy mental load in reestablishing
the context of each task as it is reen-
gaged, Interactions with devices (such
as smartphones] can lure people into
long exeursions away from the deiv-
ing task, The results can be tragic, In
a 2009 smartphone-related fatality, &
driver drove 84 miles per hour into the
rear of a stopped car, with no brakes
applied before impact,* Revisiting the
effect of having passengers in the car,
a 2009 study provides covidenceo pas-
sengers can help limit a driver's usc of
a personal clectronies device behind
the wheel."

Even without che distraction of our
technologies; drivers' minds inevita-
hly wander. He ec al.* and yanko and
Spalek™ showed the prevalence of
mind wandering behind the wheel of &
conventional car and ics effect on driv-
ing performance. Knowing where you
are gning only seems to make the prob-
lemn wiorse.

Level 1 (lunction-specific automa-
tion). NIITAA's Tevel 1 refers o cars
that use automation o operate a single
control. Many modern cars Incorpo-
rate automated safety systems (such
as anti-lock braking, brake assist, elec-
tronfe stabdlity control, and electronic
traction control), but these systems
operate only when needed and chat op-
eration is largely invisible to the driver,
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For example, eclectronic traction con-
ol brakes the wheels individually and
wransfers more torgque to wheels with
maction; this allows &8 drver to pull
awray and aceclerate on slippery surfac-
5. Braking drive wheels individueally is
not something & driver could do. These
automated systemns operate in the con-
ol loop together with the driver, aug
menting the control functions.

A cruise-concrol system that main-
rains a target speed is another example
of function-specific automarcion. 1t is
technologically simpler than driving
gafety systems but from a human fac-
cors perspective is much more com-
plex. Tt requires explicit activation and
deactivation by the driver and on the
open roxd Mrees the driver from having
Lo attend e wehicle speed. Crulse con-
trol auiomales the feedback loop that
conirols speed, This creales the possi-
bility of the driver menially deiling out
of the feedback loop,

The tring task of dolng a Hille less,
Dufour™ showed relieving  drivers
of even one aspect of the driving task
resules in reponts of increased driver
deowsiness and reduced vigilance
when drving on open stretches of
moad. But the effects do not stop there,
Dufour also showed drivers mke more
tme o respond to sudden events when
thevuse cruise control. The message is
clear. If vou take drivers out of the role
of active contrel, it is difficult to get
them back in when they are needed.

One solution oo the problems in-
moduced by today’s cruise-control sys-
tems is to edd more sutomation. Avia-
tion human factors expert Earl Wicner
ermed this the “one more computer™
solution. What will be the effect of add-
ing vet another computer to address
the prohblems of driver inatcention?
Our experience with automation in
other domains tells us that rising lev-
els of automation will lead to declining
levels of awareness.™™ Unfortunately,
adding computers o the mix is pre-
cisely what is being done. This brings
us to Tevel 2 autmation.

Level 2 (combined Tunction aubo-
mation]. NITTSA'S Lewel 2 refers (o
cars thal use automation w control
o of more functions of the driving
task at once, A key leature of Level 2
automation is it is generally capable
of fully controlling the vehicle for lim-
fted periods in rescricted situations

(such as following another car during
uncventdul frecway eruising or during
rraffic jams). Most sutomated svstems
at Level 2 and abowe assume control
loops that operate without dover in-
vobrement. Two cxamples of Level 2
automation are the highway pilot and
the traffic jam pilot systems being mar-
keted today. 'They combine an adap-
cve cruise control system capeble of
adjusting the target cruize speed when
a car ahead slows down or speeds up,
along with an avtomatic lane-keeping
system that maintains thevehicle with-
inm a chosen lane. The initial releage of
these zystems gave drivers hands-free
following and lane keeping for upto 10
£ 15 seconds, but today's systems can
keep 2 car driving without attention for
tens of minuies.

MITTSA Tevel 2 assumes the human
debver will continue Lo closely maonitor
the automation as i lollows the car
ahead, Manufacturers differ in their
requirements for drivers Lo keep their
hands on the steering wheel, Some
simply require driver hands to be near
the steering wheel in the case a deiver
takeover is required on short notice,

Inattentlon fogain). Level 2 automa-
tion could invite drvers to take their
attention away from the driving task
for longer stretehes of dme, I we con-
gider the temptadon of handheld de-
vices that are already in use in manual
cars today, it is not difficult to imegine
where this might lead, As automation
becomes more able and reliable, driv-
crs will incvitably do things other than
pay attention to driving. They may let
their minds wander or cven read or
take a nmap. Distracted drvers today
periodically glance up from their hand-
held devices. will they continue o
glance up with the same frequency as
cars provide more sophisticaved auco-
mation? Driving researchers are study-
ing these situations, and the results are
notencowraging.?

More abowt feedbock. The prablem
of reengaging drivers Lo assume active
control of cthe vehicle is quite complex
with Tevel 2 automation, The driver
miust be able wo determing, at any meo-
ment, what driving functions are belng
handled by the autemation and what
functions remain the responsibilicy
of the driver, Bye-tracking studies of
pidine pilots reveal they persistently
misremember the state of the automa-

tion, even when they themselves set up
the state, They rely on their memory of
having pushed a button and habitually
ignore system-stetus displays that tell
the real storw Incidencs in which pi-
lots pressed a button to engage a speed-
control function only to later see their
speed increase or decrcase unexpect-
cdly are commonplace. Pilots some-
rimes erronecusly assume automeation
functions are svailable for use when
they are not. Actomation functions
sometimes guietly turn chemselves off
for no apparent reason. Though flight
instructors try to teach pilots to agsess
the system state by looking at the big
picture, problems still abound.

Bt Level 2 automation can be used
in another way—ofTer assistance dur-
img manual driving when the driver
wanders into dangerouws slivations.
We have discussed the limitations of
warning svstems thal provide hints wp
the driver about what vo do next. Rather
than giving advice, Leve] 2 automation
can be used to simply take control of a
vehicle in dire situations. Which is bet-
vers give advice or simply take conteol?
Iteh and Inagaki® compared advice-
giving and takeover approaches dur-
ing inadvertent lane departures and
found the takeover approach resulted
in greater overall safety. NHTSAY es-
dmated electronic stability control
svstems saved 1,144 lives in the U8 in
2012 alone, These systems monitor the
position of the steering wheel and the
actual dircedon of trave] of the vehicle.
When the system senses a discropancy
bepwreen the teo—or loss of steeting
control—it automatically applies dif-
ferencial braking to all four wheels to
counter skidding conditions.

Pethaps the most compelling argu-
ment in favorof driver takeover syscems
comes wp when we acknowledge more
than half of all faral accidents in 2004
in the .5, happened in the presence
of aggressive or angry driving.! Tmag-
ime the life-saving potential ofa system
that blocks a driver's reckless attempt
o step on the gas, use the shoulder of
the road, or come dangerously close
ancther vehicle Inan attempt wo pass (L.

Though these examples makea salid
case for "automatlon knows best,™ we
have also seen many examples in avia-
thon inwhich pilots fought automation
for control of an alreraft. In 1988, dur-
ing an air show in Habsheim, France,



in which an Airbus A320 aireraft was
being demonstrated, the automadon
placed itself in landing confipuradon
when the crew did a flvby of the crowd.
Enowing there was no runwey there,
the flight crew attempted to climb.
Automation and flight crew fought for
control, and the autoflight system cven-
tually flew the airplane into the rees.
In this case, the flight crew knew best
but itz inputs were overridden by an an-
tomated syscem. Now imagine a case in
which the (PS5 suggested a turn into 2
road that has just experienced a ma-
jor catastrophe, perhaps with a large,
deep hole inwharwould ordinarily he a
perfectly flat roadway. Mow imagine an
autnmiated car that forces the dreiver o
follow the instruction. Tn such cases we
wanl the perscn or thing that is indeed
right Lo win the argument, bul as ha-
man and machine are both sometimes
fallible, these conflicls are nol always
easy Lo resolve,

How dowe address the problems as-
sociated with Level 2 automation? One
solution is to lacgely eliminate the need
for attention and understanding from
drivers by adding even more automa-
tion, bringing us to Level 3 automation.

Level 3 (limited self-driving automa-
tion), KHTSA's Level 3 refers to cars
that use automation to control all as-
pects of the driving task for extended
periods, Level 3 automation does not
require the driver's constant ettention,
only that the sutomation provides driv
crs 4 comtbortable transition dme when
human intervendon is needed. When
drivers are needed, che system relics on
what is called “conditional driver take-
over® in which drivers are summoned
and asked to intervene.

Hapid snboarding. One challenge for
designers is that people have great dif-
ficulty reestablishing the driving con-
text, or as psychologists call ic “rapid
onboarding.” To make matzers warse,
autnmation often fails when it em-
counters unexpected prohlems, leav-
ing the driver with only a short time oo
respond. Diriving researchers have he-
gun 1o shos drivers' onboarding times
grow quickly when high levels of auto-
mation are combined with complex
sitsations.”” Worse, studies of aldine
pllets responding o such unexpected
events inspire livtle confidence,”

Manual sEN atrophy, Prolonged use
of avtomation leads to deterioration of

Tomorrow, we will
have accidents that
result when drivers
are caught even
more unaware.
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skdlls, Airline pilets who use high lev-
els of automation in an airline cockpit
continually complain about it Casner
et al.? found copgniove skalls (such ax
navigating and troubleshooting) were
quick to deceriorate in the absence of
practice. Fortunsteby, they also found
“hands on" skills are remarkably re-
sistant to forgetting. Although this
sounds encouraging, cognitive skills
are needed first to determine what
manual operacons are required.

Increasing complaxify. Automacion
systems grow to be quite complex and,
aq a resule, difficult to underscand, es-
pecially by uncrained drivers. Even in
aviation, where pilots are well trained,
automation  systems are  complex
enough o leave them, not with defini-
tive knowledge aboul how the systems
wark, but rather working theories thal
evolve over Lime, Pilols and research-
ers allke walk of “automatlon sur-
prises™ in which the automation does
something wunexpected, leaving the
Might crew having to sort it out,™ The
National Transportation Safety Board
ruled a concributing factor in the July
6, 2013 Asiana Addines Flight 214
erash at San Franciseo Internationsl
Alrport was a complex user interface
to the airplane’s autoflight system that
was insufficiently understood and per-
haps overly trusted by the fighe crew,

The complexity issue is likely to
grow,  Modern  sensor  technolomy
makes it possible for wehicles to com-
municate with cach other and negoti-
ate joint maneuwers involving several
vehicles {such as multi-wehicle colli-
sion avoidance). Drivers will be unable
to monitor these communications, in
part because they occur frequencly, at
high speed. Almost anything a driver
does in such sitwations is likely to de-
grade the automatically computed so-
lution. This is fertile ground for what
Perrow called "systems-level” or *nor-
mal® accidents, where accidents are
not caused by the actions of an individ-
ual but emerge from the behavior of an
entire system.

One of the most daunting chal-
lenges will happen when we reach the
crossover point where avtomaltion sys-
tems are not yet robust and reliable
enough to operate without humans
standing by to take over but vet are too
complex for people w comprehend
and inservene in a meaningful way,
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Automation that operates the con-
wols of a vehicle could magnify the
problem of maintaining driver atten-
don, along with the consequences of
lapses in driver attention. When driv-
crs are unexpectedly asked to neas-
sume conimol of the car, they are likely
to struggle to get back “in the loop” to
aszsess the situation and be able to re-
spond in time. Some of these struggles
arise from having co gather the details
of the vehicle's situation, while others
arise from the complexity of the aubo-
mation itself—whemn the details of how
the automation works might elude the
driver's understanding,

Level 4 (full automation), At Level 4,
the car is completely automatic. Once
Level 4 has been achioved and fully ac-
cepted by the driving public, we expect
cars will simply become transportation
pods, withour any manual controls at
all exeept as & means of instructing the
vehicle about the desired destination
and giving instructions abouc the drive
iself, much as one instruces a chauffier-
driven car coday. There will be no need
for steering wheel or brake, chough
there might always be an emergency
stop button. Fully automaced cars will
be just that. There will he no role for
drivers, and no need for driving tests,
age limits, and concern about sohriecy
ar distraction.

Conclusion
A steady march toward the aulomated
car §s clearly under way, The NHTSA
levels reflect the belief that automat-
ed systems will progressively assume
meore and more driving tasks until all
are done by automation and none are
left in the hands of drivers. But due to
the many remaining obstacles, and the
rate at which cars are replaced on the
roadways worldwide, the cansition wo
fully automated driving for & major-
ity of the public will cake decades, The
safety challenges of partially sutomat-
ed driving will be significant and, at
least as of today, underestimated, We
thus draw owo sets of conclusions, one
for drvers, one for car designers.
Drivers. Bcoause car automation
systems will graduslly increase in ca-
pability, drivers will still be reguired
o pay full attention to the driving sit-
uaton, even if they are not reguired
to actually do anything. They may be
required to take control under unan-

To help maintain
driving skill,
wakefulness,

or attentiveness,
car interfaces
might periodically
ask the driver

to assume
manual control.

nouneed and unexpected circumstane-
s, usually with little time o react. Our
experience in aviation tells us this tran-
sition will not go smoothly for a cadre
of cursornily trained drivers in an envi-
ronment in which milliseconds might
mean the difference bebacen life and
death. Urivers will expecr their cars'
automeation systems to function as
advertized, and the syspems will do so
mnost of che time. And with automation
in charge, drivers will learn they can at-
tend more and more to non-driving ac-
civities. They will grow to trust the auto-
mation to take care of them while they
do other things. They will count on au-
tomated warnings to alert them when
thelr actention 1z needed. When the
unexpected happens and driver acten-
thon s needed with liide or nowarning,
a new kind of accident may emerge, in
slgnificant numbers, Today, we have
accidents that result when drivers are
caughl unaware, Tomorrow, we will
have accidents that result when drivers
HIe -;-aug'ht EVEL MO unawane, We can
oily echoe a plea that is being made
drivers todmys Set personal electronic
devices aside, resist any temptation
to become distracted, and remain fo-
cused on the road.

We should also look to the acci-
dent record we have today and won-
der if, despite such problems, partial
automation mey not make a corre-
sponding reduction in cxisting types
of accidents, We could see dramatic
safery cnhancements from automated
systems that share the conool loop
with the drver [such as brakc-assist
systems and lane-keeping assistance)
and especially from systems that take
control from the hands of aggres-
give, distracped, or incogicated driv-
ars. It is encirely possible that redwc-
tions in these categories of accidents
could match or even outnumber any
increase in accidents caused by other
unexpected problems with automa-
tion. We expect the most serious prob-
lemns Lo arise in systems thac take the
driver out of the loop, yet these are the
very syslems drivers want, precisely
because they lree the driver to do
something other than drive.

Car designers. We learned in avia-
thon thas interface design indeed has
A significant influence on the safety
cutcomes of automated systems, Driv-
ers will need controls and displays that



address the many problems we have
outlined here. Dover interfaces will
need to simplify and make transparent
the process of passing control of the ve-
hicle between driver and sutomation.
The interface must further make clear
the process of determining who or
whatis controlling the carand whatthe
automation is doing and what it plans
to do next. A particularly difficult incer-
face challenge presents itself when a
driver attempts to engage an automa-
tion function that is not ready to be
engaged. We have seen too many cases
in which experienced well-trained pi-
lots pressed a button and assumed all
would go according to plan, anly to be
surprised later. To help maincain driv-
ing zkill, wakefulness, or allenciveness,
car interfaces might periodically ask
the driver to assume manual control.

Given the great time and expense
required Lo design and certlly & new
alrplane, and the often-30-vear peri-
ods between alrline-equipment re-
freshes, the aviation industry remains
limited in its abiliy to leratbeely de-
velop and test new interface concepts,
The car industty may have the Juxury
of being more exploratory in its design
efforts and consider many more pos-
sible ways of combining human driver
and car automation.

Automation in che car is here, In
the coming decades, we will all par-
ticipate in driving research 85 an enor-
mous uncontrolled cxperiment takes
place on our strects and highways.
But with proper care and design, we
can help minimize accidents cansed
by the presence of antomation, from
too much trust, lack of attention, and
atrophied skills. Lizanne Bainbridge
of University College London pointed
out in her classic 1983 paper “Iro-
nies of Automation,"* Y., the maore
advanced a control syscem is, so the
mare crucial may be the contribution
af the human aperator.™ B
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