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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 fo give us back the time
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
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 spirited competition to deliver the most
sophisticated ones is under way. Cars that provide hizgh
levels of automation in some circumstances (such as

B,

highwray driving} have already arrived
in the marketplace and promise oo be
in the hands of & large number of car
OWTLETS in the neod few years.

What does increasing automation
require of drivers? The role of the driv-
ar in the extremne cazes of fully manual

kay insights

B Driving & car & Decoming & thsk sharad
between hurmans and technology, but are
humant ready 1o juct push a button and
L=t the computers do the driving?

¥ Human-computer interaction issoes
abound whan car aulamation systems
attempt 1o give drivers advice of assume
eontrol of thio wehécls.

B Ewven as =ome drivers are atientive
behdng the wheel and others lured desper
into distraction, sl must be ready to tahe
control when sutamation encounters
COSIMF CHSRE.



manual cars, people drive, and in fully
AULO TGO rs they donc

what is the role of a driver in a partially
automated car in which some of the
driver's responsibilities are replaced
by computers me of the time? Par-
tial automacion make part dri
and part ps rer, having to d
with the fami provhlem

ing ogether with computi

will be difficult, espe ) ]
perlod when the automation s both
omplete and imperfecl, requiring

humarn dr maintaln o

femerng-
pims  and
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introduced in the alrline ¢

pecl 0 arse i

Incressing res
i e J4%

ow of them lending themselves oo
ions. In the end we invite

Provide Advice but Leave

the Driver in Charge

The first kind of aupomohile aucoma-
tion

aukama

the

5 advice.
tHon systems, GPS navi

oint B, Driver re
1l representi




contributed articles

and cut-the-window scanning for navi-
gational clues is being replaced by 2
combination of moving maps, arrow
indiegtors, verbal instructions, snd
head-up displays, These devices may
seem simple and the advice they pro-
vide useful, but a closer coamination
shows they give rise oo numerows prob-
lemnz,” many involving safety.

inattention, Navigation systems must
be programmed, and these interactions
pull drivers’ attention sway from the
rask of driving. Early rerearch prompeed
the National Highway Traffic Safety Ad-
minkstration (MHTSA] o issue guide-
lines stating any Interaction with in-car
informacion systems should require a
o e of cen geconds ata time, and
no mare than 12 seconds todal ™ Tow-
ever, 2013 research by Sicaver el al™
lfound interacting with volee-controlled
navigatlon systems can be just as dis-
cracting as manually operated systems,

Mavigadion systems can also give
rise to & second kind of Inattentlon.
When a navigation system performs
well over éextended peérods, drivers
may oo longer feel they need to pay
cloge attention, Indeed, many psy-
chological studizs show people have
wrouble focusing their artention when
there is little or nothing to attend to.
In such situations, they wend to reduce
their getive involvernent and simply
obey the sutemation. There is already
ample evidenee drivers disengage from
the navipstion task when the autome-
tion is programmed to lead the way™
But how pervasive is this? Casner and
Schooler'® found cven well-trained &ir
line pilots Teport 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.

frittleness. GPS navigation shows us
how automation systems can be brit-
tle, solving most problems with ease,
until they encounter a diffleuly, unuwsu-
al case, amd then do not. Consider the
case of one driver in England whose
navlgation system commanded a (wrm
over a clifTwhen the dabase on which
It relied mistook a footpath for a road.”
small dalabase errors with large conse-
guenees led one early automation hu-
man factors expert o coin the phrase
*Blunders mace easy,™"

Trigst, 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 cell the
difference bebween a road and a cliff
It iz not, alas, that easy. Studics in avia-
don hawe shown sutomartion systems
carn our st following periods of 1m-
peccable performanee, sometimes to
the point we fecl that the automation
knows best.? Although it is empting
to cxplain away accidents as isolated
cxamples of incompetent drivers, our
experience in aviation again cells us
different. Well-trained pilots are prone
to the zame sorz of mistakes; for in-
stance, in 1995, the crew of a Boeing
757 flew into a mountain near Huga,
Colombia, after following the direc-
tons given by their erroneously pro-
grammed Mighi-management system.

Guality of feedback Others have
podnted oui the amouwnt and gquality
of feedback provided Iw sysiems like
GPS units can make all the dilTerence.
Bome GPS navigalion unlis use Lhelr
visual displays w show the vehicle js
positened in the center of the road bug
not where the road leads next or even
if it is not & road at all. With Limited
information about context and sur-
roundings, it is easy for doivers to miss
impomant clues when things gowrong.
Some have proposed designing navigs-
tlon svstems to more closely match the
way people naturally help each other
find theirwey in a car.”

Skill atrophy. There iz good evidence
that copnitve skills erode when not
practiced ropularly. Though we are
aware of no long-term studics of navi-
rarion-skill atrophy in drivers, Casner
ot al.? found significant ammophy in the
navigation skills of airline pilots fol-
lowing extended use of a computerized
navigation system.

MNavigation systems are an excellent
example of technology introduced to
automate a task for which people al-
ready seemed reazonably competent.
Yes, drivers got Inst before the intro-
duction of navigational systems, but
they seldom led to safety-critical incl-
dents, GPS navigatlon has introduced
miany human factors complications we
did not anticipate.

Driverwarning systems, Some kinds
of Information-automation  systems
vell us when we are dolng {or areabout
w ded something wrong. Speed-limi
alarms can alert us when we inadver-
wently exceed a pre-set speed [imit

| Lane-departure waming systems alert



us when we drift from our lane or at-
tempt to change lanes when the tarpet
lane iz oceupied by another wvehicle,
But such advisory systems are not with-
out cheir limirations,

Complacency. One unintended con-
spquence of alerts and alarm systemy
18 2ome drivers may substitute the sec-
ondary task of listening for alerts and
alarms for the primary task of paving
attention. Wiener” termed this effect
“nrimary-secondary  tsgk  imversion,”
pointing out the problem is commaon-
place among experienced airline pi-
lotz. Palmer et al® described many
cazes in which pilois missed an as-
signed altitude when an altitude alert-
er (designed to advize pilois of an up-
coming altitude] falled o sound. TL (s
easzy o Imagine drivers allowing them-
selves 1o he distracied lfor prolonged
periods and relving on alerl systems o
call when Lrouble pops up.

Nulegnee glerts, Wamning sysiems
can lead pllots and deivers allke Into
trouble when they fail (o aled and also
when they alert too much, In aviation,
alers and alarms given in situations pi-
lots do not And alarming cause them w
fgnore the alerts.® It s easy to imagine
our owao reactions to a svstern that con-
tinuously reminds ws we are driving five
miles per hour over the speed limic A
second problem wich alerts is they can
be startling. Although human factors
engineers have leamed to minimize
the startle effect of unexpeeted sound
by adjusdng loudness, risc time, and
other characteristics, the physiolog-
cal responsds to unanticipated signals
are diffieuwtt o evoid, Lastly, when mul-
tiple alems sound simultaneously, the
resulting cacophony can overload and
confizse! Solutions range from ving
touse different modalites for different
alercs to trying to priovitize the various
alercs, aiming vo present only the most
significant. An alternative approach
would be to present a single holistic
display—whether wisual, auditory, or
haptic or all three—that would present
a single cohesive concepiual model of
the sltuatbon. All these ideas are stlll ai
the research slage.

Shari timeframes. The automobile 1s
far more dangerous than an airplane
i several respects. One bs the mpidity
withwhicha response is required, In an
airplane Iying at cruising alditude of 10
k12 km, the pilows might have min-

uges in which to respond. In a car, the
available Hme can somedmes amount

to a fraction of a seeond. Doivers must |

construct an underscanding of the sit-
ation, decide how to respond, and do it

suceessfully in short order. Leboratory |

stedies of drver neacdons to rear-end:

collision alerss show the effectivencss |
of these alerts falls off quickly when |

alert times are shor, 4
Summary. Although it sounds sim-

ple enough, the idea of drivers "being |
informed" by automated syscerns is |

not straightforward. On the ane hand,
systems must keep drivers informed of

the driving eonditions, including the |
srate of the aucamohile, the road, and

athar cars. On the other, oo much in-

Formadoncan lead io disiraction and a |

laflure to actend toany of i

Assume Control of the Vehicle
A ozecornd kind of aviomatlon can di-

rectly control all or par of an autemao- |

bille. The arelval of sich automation

represents o steady progression from |

the wtally manual cars we have wday

to fully automated cars tomorrow, To |
provide s regulatory framework for |
the development and deplovment of |

automadon that can operate a car's
controls, NHTSA formalized levels o
deseribe the degree of sutomation.

Level 0 iz a totelly manual car, Level 4 |

is a fully self-d-iving car that requires

nothing from its oceupants, or cven |

that any oeoupants be presenc, We de-
scribe chese levels, zlong with the hu-

man factors complications known o |

be associated wich increasing automa-
tion of thizs orpe.

Level 0 (the mammal carl. The Level 0 |
car is entirely manual. Why discuss cars |

with no auromation? Becsuse the im-
proved stakilicy of moder cars and the
smaoothness of paved roads already al-
low drivers o take their eyes off the road
and their hands off the steering wheel,
giving us a preview of a flrst problem
with wehicle-control sutomation.

fmarrention. Tevel O cars already re- |
duce driving o a remarkably mundape |

1ask, sometlmes requiring Hule atten-

o frem the driver and luring the driv- |

et into distmctian,

The orlginal behind-the-wheel diver- |

sion was alking with passengers, Some

studies conclude ln-car conversatdons |
can interfere with deiving ' Yet other |

studies dernonstrate a “pano heads are

contributed articles

| better than one” effeet, increasing the
| total amount of vigilanee in a car when
conversation is carcfully managed, =7
These studies reiterate that drivers and
| passcngers have a shared understand-
ing of the driving context and may be
able to modulate their talldng as the
sitnation demands, '

Entertainment systems are 8 known
distraction. Aside from the driver at-
tention required oo une radio stations
and select music, studies demonstrate
listening to music takes a toll on driv-
ing performance.*

Peraonal electronics devices {(such
as mobile phones) provide even more
distraction. Why do drivers keep talk-
ing, texting, emailing, posting, and
even video callimg?” Roy and Elersch?
showed people who engage In such
behaviors believe they have superlor
mullitasking skills, Unforiupately, the
evidence does not support (his view,
Muliltasking is dope by rapidly switch-
Ing belween tasks, nos only taking at-
tention from deiving bus also adding
it heavy mental load In reestablishing
the context of each task as It is reen-
gaped, 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 200% smartphone-related facality, &
driver drove 84 miles per hour into the
rear of & stopped car, with no brakes
applied before impact,* Revisiting the
effect of having passcngers in the car,
g 2009 study provides cvidence pas-
sengers can help limit a driver's use of
a personal clectronics device behind
thiz 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 a
conventional car and ics effect on driv-
ing performance. Knowing where you
are going only seems tn make the prob-
lem worse. ™

Level 1 (function-specific automa-
thon). MIITSA's Tevel 1 refers 1o cars
that use aulomation ww operate a single
control. Many modern cars Incorpao-
rate automated safely systems (such
as anti-lock braking, brake assist, elec-
tronie stabdlity contral, and electronic
teaction control), but these systems
operate only when needed and chat op-
eration is langely invisible to the driver,
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For example, elecironic traction con-
ol brakes the wheels individually and
ransfers more torque to wheels with
traction; this allows & driver to pull
awray and accelerate on slippeory surfac-
o5, Braking drive wheels individually is
not something & driver could do. These
automated systems operate in the con-
ol loop together with the driver, aug-
menting the control functions.

A cruise-conoal system that main-
£ains a target speed is another example
of function-specific automacion. 1t iz
technologically simpler than driving
gafety systems but from a human fac-
tars perspective iz much more com-
plex Tt requires explicit activation and
deactivaclon by the driver and on the
open roxd frees the driver from having
b altend o wehicle speed. Crulse con-
erol aulomafes the feedback loop that
conirols speed, This creales the possi-
bility of the driver menially deilting cut
of the feadback loop, ™

The tiring task of dolng a e less,
Dufour”  showed relleving  drivers
of even one aspect of the driving task
results In repons of increased deiver
deowsiness and reduced  vigilance
when driving on open stretches of
moad. But the effects do not stop there,
Dufour also showed drivers mke more
tme wo respond to sudden events when
thevuse cruise control. The message is
clear. If you take drivers out of the role
of active contrel, it is difficult to et
them back in when chey are needed.

One solution o the problems in-
moduced by today’s cruise-control sys-
Toms 15 to edd more sutomation. Avia-
tion human factors expert Earl Wicner
cermed this the “one more computer™
eolution. What will be the effect ofadd-
ing vet another computer to address
the problems of driver inattention?
Cur 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 o Tevel 2 autmation,

Level 2 (combined Tunclion aubo-
mation]. NITTSA'S Lewael 2 refers (o
cars that use automation (o control
o of maore functlons of the driving
task at once, A key Feature of Level 2
automation is it is genemlly capable
of fully controlling the vehicle for lim-
ited periods in resericred  situations

(such as following another csr during
uncventdul freeway eruising or during
traffic jams). Most sutomated sysoems
at Level 2 and above assume control
loops thet operate wathout dover in-
vobrement, Two cxamples of Level 2
automation are the hiphway pilot and
the traffic jam pilot systems being mar
keted today. 'T'hey combineg an adap-
dve cruise conmol system capable of
adjusting the target cruize speed when
a car ahead slows down or speeds up,
along with an automatic lane-keeping
system that maintains the vehicle with-
in a chosen lane. The initial release of
these zystems gave drivers hands-free
Tallowing and lane keeping for up to 10
e 15 seconds, bul today's systemis can
keep z car driving without attention for
renz ol minuies.

WITTSA Level 2 assumes the human
driver will continue Lo closely maonitor
the autemation as it follows the car
ahead, Manufcturers differ in their
requirements for drvers to keep their
hands on the sizering wheel. 3ome
simply require driver hands to be near
the steering wheel in the case a deiver
takeover is required on shott notdee,

Tnattentlon fogain), Level 2 automa-
ton could invite dovers to take their
attention swey from the driving task
for longer stretehes of dme, [Fwe con-
gider the temptadon of handheld de-
viees that are already in use in manusl
cars today, it is not difficult to imepine
where this might lead, As avtomsation
beocomes more able and reliable, driv
crs will incvitably do things other than
pay attention to driving. They may let
their minds wender or cvwen read or
take a nap. Distracted drivers today
periodically glance up from their hand-
held devices. Will they continue oo
glance up with the same frequency as
cars provide more sophisticaved auco-
mation? Driving researchers are stody-
ing these situations, and the results are
notencouraging.?

More aboet feedbock. The prablem
of reengaging drivers Lo assume actlve
control of che vehicle is quite complex
with Tevel 2 automation. The driver
must be able to determine, at any mo-
ment, what driving functions are belng
handled by the autemation and what
functions rermain the responsibilicy
of the driver, Bye-tracking studies of
pirdine pilots reveal they persistenty
misremember the state of the automa-

ton, evenwhen they themselves set up
the state, They rely on their memory of
having pushed a button and habitually
igmore systemn-sistus displays that tell
the real store™ Incidencs in which pi-
lots pressed a button to cngage a speed-
control function only to later see their
speed inetease or decrease unexpeet
edly are commonplsce. Pilots some-
rimes erroneously assume autametion
funebons are svailable for wse when
they are not Astomation functions
rometimes guietly turn themselves off
for no apparent reason. Though flight
instructors try to teach pilots to agsess
the system state by Iooking at the big
picture, problems still abound.

Rt Teval 2 autornation can be used
in anpther way—oller assisiance dur-
img manual driving when the driver
wanders: Into dangerous sliuvations.
We have discussed the limitations of
warning svsiems thal provide hinis w
the driver about what o do next. Rather
than giving advice, Leve]l 2 avtomation
cart be used (o simply tuke control of 4
vehicle in dire situations. Which is bet-
vers give advice or simply take conteol?
Itoh and Inagaki” compared advice-
giving and takeover approaches dur-
ing inadwvertent 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 US in
2012 alone, These systemns monitor the
position of the steering wheel and the
actual dircetion of travel of the vehicle.
When the system senses a discropancy
bepareen the teo—or loss of steeting
control—it automatically applies dif-
ferencial braking to all four wheels oo
counwer skidding conditions.

Perhaps the most compelling argu-
ment in favorof driver takeover syscems
comes wp when we acknowledge more
than half of all faral accidencs in 200%
in the (L5, happened in the presence
of aggressive or angry driving.! Tmag-
ime the life-saving potential ala system
that blocks a driver's reckless attempt
Lo seep on the gas, use the shoulder of
the road, or come dangerously close w
ancther vehicle Inan atkempt o pass .

Though these examples makea solid
case for "automation knows best,” we
have also seen many examples In avia-
thon in which pilots fought automaticon
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 confiruradon
when the crew did a fivby of the crowd.
Enowing there was no menway there,
the flight crew attempted to climb.
Automation and flight crew fought for
control, and the autoflight system cven:
tually fiew the airplane into the ees.
In thiz case, the flight crew knew best
but itz inpurs were overridden by an an-
tomated systemn. Now imagine 8 case in
which the GPS suggested a turn info a
road that has just experienced a ma-
jor catastrophe, perhaps with a large,
deep hale in whatwould nrdinarily he 2
perfectly flat roadway. Mosw imagine an
autnmiated car that forces the driver i
Mlloaw the instruccion. Tn such cases we
wanl the person or thing that Is Indesd
righl Lo win the argument, bt as -
man and machine are both sometimes
fallile, these conllicis are not always
easy Lo resolve,

How dowe address the problems as-
sociated with Level 3 automation? One
solution is to lacpely 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 es-
pects of the driving task for cxtended
periods, Level 3 sutomation docs not
require the driver's conscant attention,
onby that the sutomation provides driv-
©Ts a comfortable trensition time when
human intervenoon is needed. When
drivers are needed, che system relics on
wwhat is called “conditional driver takoe-
over” in which drivers are summoned
and asked to intervene.

Hapid anboarding. One challenge for
designers is that people have great dif-
ficulty reescablishing the driving con-
text; or as psychologists call it “rapid
anboarding.” To make matzers warse,
aurnmatlon often fails when it en-
counters unexpecied prohlems, leav-
ing che driver with only a shart time to
respond. Driving researchers have he-
gun Lo shosw drivers' onboarding thmes
grow quickly when high levels of autn-
matkon are combined with complex
situations.”” Worse, studies of alrline
pilets responding (o such unexpected
events inspire livtle confidence,”

Manual skl atrophy, Prolonged use
of automation leads to deterioration of

Tomorrow, we will
have accidents that
result when drivers
are caught even
more unaware.
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skills, Airline pilots who use high bev
els of automation in an airine cockpit
continuslly complain about it Casner
et al.” found cognitve skills {such as
navipsting and troubleshootng) were
quick to deteriorate in the absence of
practice, Fortunsteby, they zlso found
“hends on® skills are remarksbly re-
sistant to forgetting. Although this
sounds encouraging, copnitive skills
are meeded first to determine what
manual operations are required.

Increasing complexify, Automarion
systems grow to be quite complex and,
ag a resulr, difficult to underscand, es-
pecially by uncrained drivers. Even in
aviation, where pilots are well trained,
auinmation  systems are  gomplex
enaugh fo leave them, not with defini-
thve knowledge aboul how the systems
work, buc rather working theories that
evolve over time, Pilots and research-
ets allke wlk of “automation sur-
prises™ in which che automation does
soinething unexpected, leaving the
fight crew having to so L out.” The
Wational Transportation Safely Boand
ruled & concribucing faccor in the Tuly
6, 2013 Asiana Alrlines Flight 214
ezash at San Franciseo Intesnationsl
Alrport was a complex user intecface
to the airplane’s autoflight system that
was insufficlently understood and per-
haps overly trusted by the fight crew,

The complexity issuc is lkely o
grow. Modern  sensor  technolooy
makes it possible for vehicles to com-
municate with cach other and negoti-
ate joint maneuvers involving soveral
wehicles [such as muld-wchicle 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 situations iv likely to de-
grade the autnmatically computed so-
lution. This is fertile ground for what
Perrow called “systems-level” or *nor-
mal® accidents, where accidents are
nob caused hy the actions ofan Individ-
ual but emerge from the behavior of an
entire system,

One of the most dounting chal-
lenges will happen when we reach the
crossover point where autormalion sys-
tems are not yet robust and reliable
enough (o operate without humans
standing by to take over but vet are too
complex for people o comprehend
angd inpervens in a meaningful way.
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Automation chat operates the con-
wols of a vehicle could mapnify the
problem of maintaining driver atien-
oon, along with the consequences of
lapses in doiver attention, When drv-
crs are unexpectedly asked to neas-
sume conmol of the car, they are likely
to strugele 1o get back “in the loop” to
azgess the situation and be able o re-
spond intime. Some of these scruggles
arise from having co gather the details
of thie wehicle's sitaation, while athers
arire from the complexity of the auto-
marion itself—when the details of how
the autemation works might elude the
driver's understanding.,

Level 4 (full automation), At Level 4,
the car is completely automatie. Once
Level 4 has been achioved and fully ac-
cepted by the driving public, we expoet
cars will simply become transportation
pods, withour any manual controels at
all cxeeptas a means of insmacting the
vehicle about the desired destinztion
and giving instructicns about the drive
irself, much as one insoruees a chauffier
driven car coday. There will be no need
for steering wheel or brake, though
there might zbways be an emergency
stop button. Pully automaced cars will
be just that. There will be no role for
drivers, and no need for driving 12515,
age limits, and concern about sohriecy
ar distraciion.

Conclusion
A steady march towward the aulomated
car Is clearly under way. The NHTSA
levels reflect the befiel that autcmat-
ed sysbemns will progressively assume
more 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
tate at which cars are replaced on the
madways worldwide, the qansition to
fully automated driving for & major-
ity of the public will cake decades, The
safety challenges of partially automat-
ed driving will be sipnificant and, at
least as of today, underestimated, We
thus draw owo sets of conclusions, one
for drivers, one for car designers.
Drivers. Beeause car autometion
syatems will gradually increase in ca-
pability, drivers will still be reguired
o pay full attention to the driving sit-
uaton, cven if they are not reguired
o actually do anything. They may be
tequired oo take conmmol under unan-

To help maintain
driving skill,
wakefulness,

or attentiveness,
car interfaces
might periodically
ask the driver

to assume
manual control.

nouneed and unexpected ciroumstance-
e, usually with little time o react. Our
expericnee in aviation tells us this tran-
sition will not go smoochly for a cadre
of cursorily trained drvers in an envi-
ronment in which milliseconds might
mean the difference bebacen life ard
death. Drivers will expect their cars'
agtomation systems to function as
advertised; and the systems will do so
most of che time. And with aubomaticn
in charge, drivers will learn they can at-
tend more and more to non-driving ac-
civities. They will grow to truss the auto-
macion 1o take care of them while chey
do other things. They will count on au-
tomated wamings 1o alert them when
thelr attention iz needed. When the
unexpected happens and driver aclen-
thon Is needed with llide or no warming,
a new kind ol accident may emerge, in
slgnificant numbers, Today, we have
accldents that result when drivers are
caughl unassire, Tomorrow, we will
have accidents that result when drlvers
are caught even more unawiee, We can
oftly echo a plea that Is belng made to
drivess today Set personel electronic
devices aside, resist any temptation
w become distracted, and remain fo-
eused on the road.

We should also lock 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 sce dramatic
safety cnhancements from automated
systems that share the conool loop
with the driver (such as brakc-aszist
systems and lane-keeping assistance)
and especially from syscvems that take
control from the hands of aggres-
give, distracped, or intosicated driv-
ers. It is entirely possible that reduc-
tions in these categories of accidents
could march or even outnumber any
increase in accidents caused by ather
unexpected problems with automa-
thon. We expect the most serfous prob-
lemns toarise In syvsiems that take the
driverout.of the loop, yet. these are the
very systems drivers want, precisely
because they ee the driver o do
something other than drive.

Car designers, We learned in avia-
chos that interfuce design Indeed has
i sipnificant influence on the safety
cutcomes of auwomated systems. Driv-

I erswill need controls and displays thag



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

to do next. A particularly difficult incer-
face challenge presents itself when =
driver attempts o engage an automa:
tion function that is mot ready to be
engaged. We have seen too many cazes
in which experienced well-trained pi-
lois pressed a button and assumed all
would go acearding to plan, only to he
surprised later, To help maincain driv-
ing zkill, wakelulness, or allentiveness,
car Interfaces might perlodically ask
the driver to assume manual contral.

Given the greal lime and expense
reguired Lo deslgn and certlly & new
alrplane, and the often-30-vear peri-
ods Detween  alrline-equipment re-
Ireshes, the aviation industry remains
limited in its abilicy to feratbeely de-
velop and test new interface concepis.
The car industoy may have the Jusury
of being more explecatory 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 as an enor-
mous uncontrolled cxperiment takes
place on our strects and highways.
But with proper care and design, we
can help minimize accidents caused
by the presence of automation, from
o much trust, lack of attention, and
atrophied skills. Lizsanne Bainbridge
of University College London pointed
out in her classic 1983 paper “Iro-
nies of Automation,™ Y. the more
advanced a control system is, so the
mare crucial may be the contribution
of the human aperator.” B
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