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Looking and thinking when driving: he iậẰaảt oẦ gaẺe and
ảognitive Ậoad on ẳteering

ñeorgioẳ ∂… ∂oẵntoẵriotiẳ1∗ ̉iảhard ŕ… ûiẬkie2 šeter H… ñardner2

řataẳha ŕerat1

1ơnẳtitẵte Ầor ťranẳẰort ∑tẵdieẳ 2∑ảhooẬ oẦ šẳẹảhoẬogẹ
ţniverẳitẹ oẦ Leedẳ

∗ľorreẳẰonding aẵthor: g.kountouriotis@leeds.ac.uk
hiẳ artiảẬe ậaẹ not eẸaảtẬẹ reẰẬiảate the inaẬ verẳion ẰẵẢẬiẳhed in the Transportation Research Part F: Traic

Psychology & Behaviour… ơt iẳ not the ảoẰẹ oẦ reảord…

ứ2015… hiẳ ậanẵẳảriẰt verẳion iẳ ậade avaiẬaẢẬe ẵnder the ľľëĺưëřľëřł 4…0 Ậiảenẳe

http://creativecommons.org/licenses/by-nc-nd/4.0/

ABSTRACT

łriving aroẵnd Ảendẳ at high ẳẰeedẳ iẳ a taẳk ẰerẦorậed Ảẹ ậanẹ on a daiẬẹ Ảaẳiẳ Ảẵt the ẵnderẬẹing
ậeảhaniẳậẳ oẦ ẳteering ảontroẬ reậain ẬargeẬẹ ẵnknown… šrevioẵẳ reẳearảh haẳ ẳhown that when ẳteeringě
gaẺe direảtion ảan Ảe a ảritiảaẬ ảoậẰonent oẦ ẳẵảảeẳẳ… Howeverě with inảreaẳed ẵẳe oẦ inëvehiảẬe inẦorậation
ẳẹẳteậẳ čơþơ∑çě there iẳ growing ảoậẰetition over the ẳaậe reẳoẵrảeẳ that are needed to ẳteer čgaẺe aẳ weẬẬ
aẳ aẳẳoảiated attentionaẬ reẳoẵrảeẳç… ĩẬthoẵgh it ảan Ảe argẵed that Ậoảoậotor ẳteering iẳ an aẵtoậatiả taẳk
that ảan Ảe ẰerẦorậed withoẵt reảoẵrẳe to ảonẳảioẵẳ ‘ảognitive’ ảontroẬě ậẵảh ẳiậẰẬer ẬoảoậotorëreẬated
taẳkẳě ẳẵảh aẳ Ẫẵdging one’ẳ headingě have Ảeen ẳhown to Ảe afeảted Ảẹ ảonảẵrrent attentionaẬ taẳkẳ čûanně
∑waẰẰě å ̉ẵẳhtoně 2000ç… Here we eẸaậined whether an attentionaẬ taẳk ẰẬaảed at an ofẳet iẸation Ằoint
inlẵenảed ảonảẵrrent ẳteering ẰerẦorậanảe aẬong a ảoậẰẵter ẳiậẵẬated road… he eẸẰeriậentẳ either ẵẳed
gaẺeëiẸation Ằointẳ that had ẳiậiẬar ẰroẰertieẳ to reaẬëworẬd road ẳignẳ či…e… ậoved reẬative to the vehiảẬeç or
were ậore akin to ơþơ∑ či…e… iẸed to the vehiảẬeç… ̉eẳẵẬtẳ ẳhowed that gaẺe iẸation eảảentriả to Ầẵtẵre Ằath
ảaẵẳed ẳẹẳteậatiả ẳteering Ảiaẳeẳ… he degree or tẹẰe oẦ ảognitive Ậoad did not ảhange the degree oẦ ẳteering
Ảiaẳě Ảẵt there waẳ ẳoậe evidenảe oẦ deảreaẳed Ậane variaẢiẬitẹ when viewing the ơþơ∑ëtẹẰe diẳẰẬaẹẳ… řo
diferenảeẳ in ẳteering ẰerẦorậanảe were Ầoẵnd Ảetween the diferent tẹẰeẳ oẦ ảognitive taẳk… ûe ảonảẬẵde
that where ẹoẵ Ậook iẳ ảritiảaẬ Ầor ẳaẦe drivingě and ơþơ∑ëtẹẰe diẳẰẬaẹẳ ậight ậake driverẳ ậore ẳẵẳảeẰtiẢẬe
to ảognitive interẦerenảe…
Keywords: Driving; Steering; Locomotion; Gaze; Cognition; Distraction

Introduction

Loảoậotioně and driving in ẰartiảẵẬarě Ầẵndaậenë
taẬẬẹ reằẵireẳ the aẢiẬitẹ to ảontroẬ ẳteering to negotië
ate Ảendẳ at highëẳẰeedẳ whiẬẳt taking aẰẰroẰriate
traẪeảtorieẳ aẬong ảẵrved roadwaẹẳ… he efeảt oẦ
additionaẬ attentionaẬ deậandẳ iậẰoẳed Ảẹ aảtivië
tieẳ ẳẵảh aẳ ảeẬẬ Ằhone ẵẳe and interaảtionẳ with inë
vehiảẬe ẳẹẳteậẳ have oten Ảeen ẳtẵdied in terậẳ oẦ
reaảtion tiậeẳ to ảritiảaẬ eventẳě ẳẵảh aẳ Ảrakingě and

Ậane keeẰing če…g…ě ∑traẹer å łrewẳě 2004ğ ∑aẬvẵảải
å ĺeẬtowẳkaě 2008ğ ̉eảarte å řẵneẳě 2003ç… Howë
everě Ậeẳẳ iẳ known aẢoẵt the efeảt oẦ ảognitive Ậoad
on ẳteering ảontroẬě and in ẰartiảẵẬar whether attenë
tionaẬ deậandẳ interaảt with the direảtion oẦ gaẺe
and ẳẵảảeẳẳẦẵẬ ẳteering ảontroẬ…
łireảtion oẦ gaẺe haẳ Ảeen ẳhown to Ảe ảritiảaẬẬẹ

iậẰortant when ẳteering aroẵnd Ảendẳ čLand å Leeě
1994ğ ûiẬkie å ûanně 2003ç… ĩẬthoẵgh theẳe ẳtẵdieẳ
ẰroẰoẳe two diferent ậodeẬẳ oẦ Ậoảoậotor ảontroẬě
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Ảoth ậodeẬẳ reằẵire the driver to Ậook toward reë
gionẳ oẦ the road ahead… ĩảảording to the ‘ťangent
šoint’ ậodeẬ oẦ ẳteering čLand å Leeě 1994çě driverẳ
ẳhoẵẬd ẰredoậinantẬẹ iẸate the aẰeẸ oẦ the inẳide
roadëedge… Howeverě the ‘ĩảtive ñaẺe’ ậodeẬ oẦ
ẳteering čûiẬkie å ûanně 2003ğ ûiẬkieě ûanně å
ĩẬẬiẳoně 2008ç ẰroẰoẳeẳ a ảẬoẳe Ậink Ảetween the
direảtion oẦ gaẺe and the ẳteering traẪeảtorẹ taken
Ảẹ driverẳ: ẵnder ảonditionẳ oẦ ẵnreẳtrained gaẺeě
driverẳ have Ảeen Ầoẵnd to iẸate Ằointẳ on the road
that Ậie on their Ầẵtẵre Ằath čûiẬkie åûanně 2003ğ
ûiẬkie et aẬ…ě 2008ğ ûiẬkieě ∂oẵntoẵriotiẳě ŕeratě
å ûanně 2010ç… he reảiẰroảaẬ aẬẳo ẳeeậẳ to Ảe
trẵe: when gaẺe iẳ Ầorảed onto Ằointẳ eảảentriả to
the reằẵired ảẵrved Ằathě driverẳ aẬter their ẳteering
traẪeảtorieẳ to Ằaẳẳ nearer to thoẳe iẸation Ằointẳ
č∂oẵntoẵriotiẳě ňẬoẹdě ñardnerě ŕeratě å ûiẬkieě
2012ç… hiẳ reẬationẳhiẰ haẳ aẬẳo Ảeen oẢẳerved
when ậaintaining a traẪeảtorẹ aẬong ẳtraight roadẳ
č̉eadingerě ľhatẺiaẳtroẳě ľẵnninghaậě ĺüẬthofě å
ľẵttingě 2002ç… ĩt ẳẬow ẳẰeedẳ če…g… when waẬkingç
deảoẵẰẬing gaẺe and ẳteering ậaẹ have ẬittẬe efeảt
on ẳẵảảeẳẳẦẵẬ ảontroẬě howeverě when driving at high
ẳẰeedẳ in raẰidẬẹ ảhanging environậentẳ deảoẵẰẬing
gaẺe and ẳteering iẳ not adviẳaẢẬe… śẦ ảoẵrẳeě in reaẬ
worẬd ẳảenarioẳě driverẳ oten have to Ậook awaẹ Ầroậ
their Ầẵtẵre Ằath to ẰerẦorậ varioẵẳ taẳkẳě e…g… to ẳaậë
ẰẬe inẦorậation Ầroậ road ẳignẳ or interaảt with an
inëvehiảẬe ẳateẬẬite navigation ẳẹẳteậ… heẳe taẳkẳ
reằẵire driverẳ not onẬẹ to Ậook awaẹ Ầroậ their Ầẵë
tẵre Ằathě Ảẵt to aẬẳo ẰerẦorậ ẳoậe kind oẦ ảognitive
taẳk če…g… read a ẳign or deảiẰher a ậaẰç… heẳe ảonë
ảẵrrent taẳkẳ when driving ậaẹ have an additionaẬ
efeảt over and aẢove eảảentriả iẸationẳě and thereë
Ầore need to Ảe Ảetter ẵnderẳtood…
ơn eẸẰeriậentaẬ ẳettingẳě aẳking ẰartiảiẰantẳ to

ẰerẦorậ a ảonảẵrrent taẳk whiẬẳt driving ảan reẳẵẬt
in ảhangeẳ in the natẵraẬ gaẺe Ằatternẳ dẵe to the
taẳk itẳeẬẦě e…g… Ậooking at the ẳẰeedoậeter… Howeverě
even taẳkẳ that do not reẬẹ on viẳion and henảe do
not reằẵire ẰartiảiẰantẳ to direảt their gaẺe towardẳ
a ẳẰeảiiả Ậoảation če…g… an aẵditorẹ inëvehiảẬe inẦorë
ậation ẳẹẳteậ or taẬking handẳëẦree on a Ằhoneç
have Ảeen ẳhown to afeảt gaẺe Ảehavioẵrẳ dẵring
driving čþiảtorě HarẢẬẵkě å ńngẳtröậě 2005ç… ∑ẵảh
taẳkẳ ảan inảreaẳe the dẵration oẦ gaẺe iẸationẳ to
the road ảentreě aẬong with a deảreaẳe in ẳaảảadeẳ
to the ẰeriẰherẹ č̉eảarte å řẵneẳě 2003ğ þiảtor et
aẬ…ě 2005ç… ńven when gaẺe Ằatternẳ do not ảhangeě

it aẰẰearẳ that greater attentionaẬ Ậoad ảan redẵảe
the avaiẬaẢẬe reẳoẵrảeẳ Ầor viẳẵaẬ Ằroảeẳẳing oẦ the
ẳảene… ňor eẸaậẰẬeě ∑traẹerě łrewẳě and őohnẳton
č2003ç eẸaậined driving ẰerẦorậanảe when driverẳ
taẬked on a handẳëẦree Ằhone… heẹ oẢẳerved that
ẰartiảiẰantẳ were Ậeẳẳ ẬikeẬẹ to reậeậẢer ẳeeing ẢiẬẬë
Ảoardẳ in the ảonditionẳ where theẹ were ảonverẳing
on the Ằhone ảoậẰared to the ảontroẬ ảonditionẳě
even thoẵgh there waẳ no diferenảe Ảetween the
two ảonditionẳ in the nẵậẢer oẦ iẸationẳ theẹ ậade
on theẳe oẢẪeảtẳ… ∑traẹer et aẬ… č2003ç eẸẰẬain thiẳ
inding in terậẳ oẦ reẬoảating attention Ầroậ driving
towardẳ the Ằhone taẳk…

ơn addition to theẳe ảhangeẳ in gaẺe Ằatternẳě ảogë
nitive taẳkẳ ậaẹ aẬẳo ảhange ẳteeringě with the varië
aẢiẬitẹ oẦ Ậane Ằoẳition redẵảing ẵnder ảognitive Ậoad
ảonditionẳ čńngẳtröậě őohanẳẳoně å ÖẳtẬẵndě 2005ğ
őaậẳon å ŕeratě 2005ç… here iẳ a tight ảoẵẰẬing Ảeë
tween gaẺe and ẳteering: not onẬẹ doeẳ ẳteering gẵide
the direảtion oẦ gaẺe with driverẳ Ậooking where theẹ
are going čûiẬkie åûanně 2003ě 2005ğ ûiẬkie et aẬ…ě
2010ç Ảẵt gaẺe direảtion gẵideẳ ẳteering with driverẳ
ẳteering where theẹ Ậook č∂oẵntoẵriotiẳ et aẬ…ě 2012ğ
̉oẢertẳhaw åûiẬkieě 2008ç… ĩ ằẵeẳtion that ariẳeẳě
thereẦoreě iẳ whether inảreaẳed ảognitive deậand aẦë
Ầeảtẳ eẹe ậoveậentẳ čwhiảh in tẵrn Ậead to ảhangeẳ
in ẳteering Ằatternẳçě or whether ảognitive deậand
afeảtẳ ẳteering Ằatternẳ čwhiảh then Ậeadẳ to ảhangeẳ
in eẹe ậoveậentẳç… ňor eẸaậẰẬeě ńngẳtröậ et aẬ…
č2005ç ẵẳed a ảognitive Ậoad ảondition whiảh did not
reằẵire driverẳ to Ậook at a viẳẵaẬ diẳẰẬaẹě Ảẵt theẹ
reẰorted Ảoth greater gaẺe ảonảentration aroẵnd the
road ảentre and redẵảed Ậane keeẰing variation… ơnë
ảreaẳed gaẺe ảonảentration haẳ aẬẳo Ảeen ẳhown in
other ẳtẵdieẳ ẵẳing nonëviẳẵaẬ diẳtraảtion taẳkẳ če…g…ě
̉eiậerě 2009ğ þiảtor et aẬ…ě 2005ç… śne ẰoẳẳiẢẬe interë
Ằretation oẦ theẳe indingẳ iẳ that the ảognitive Ậoad
inảreaẳed gaẺe ảonảentration aroẵnd the road ảentreě
and thiẳ in tẵrn ảaẵẳed ẳteering traẪeảtorieẳ to Ằaẳẳ
ảẬoẳer to the Ằoint oẦ gaẺe čaẳ Ằer ûiẬkie å ûanně
2003ğ ûiẬkie et aẬ…ě 2008ě 2010ç…
ňroậ thiẳ evidenảe it iẳ diiảẵẬt to ảonảẬẵde

deinitiveẬẹ that ảognitive Ậoad inlẵenảeẳ ẳteerë
ing direảtẬẹ črather than via gaẺe ậeảhaniẳậẳç…
ľooẰerě ŕedeiroẳëûardě and ∑traẹer č2013ç eẸaậë
ined whether the redẵảed ẬateraẬ variation in ẳteering
ẵnder ảognitive Ậoad waẳ dẵe to a redẵảtion in Ậatë
eraẬ eẹeëậoveậentẳ čgaẺe ảonảentrationç… ľooẰer
et aẬ… č2013ç inẳtrẵảted driverẳ to Ậook at an iẬẬẵậië
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nated number plate on a vehicle ahead. he illuë
minated plate ẳặitched betặeen 3 or 5 vehicleẳ in
other laneẳ and the temporal Ầreằuencẹ bẹ ặhich
driverẳ chanầed their point oẦ ầaẺe Ầrom one vehië
cle to the neẸt ặaẳ varied. he loặ Ầreằuencẹ ầaẺe
chanầeẳ ặere ẳuppoẳed to be ẳimilar to the patternẳ
eẸhibited durinầ ‘ầaẺe concentration’. hiẳ ẳtudẹ
reported that increaẳed coầnitive load did indeed
loặer ẳteerinầ variabilitẹ even ặhen ầaẺe chanầeẳ
ặere matched acroẳẳ ‘no coầnitive load’ and ‘hiầh
coầnitive load’ conditionẳ. heẹ concluded that the
coầnitive taẳẫ cauẳed attention to be removed Ầrom
the laneëẫeepinầ taẳẫě ặhich due to itẳ automaticitẹ
improved čŕedeiroẳëûardě ľooperě å ∑traẹerě 2014ç.
ûhilẳt it ặould ẳeem thiẳ evidence indicateẳ that
the efectẳ oẦ coầnitive load are independent oẦ ầaẺe
directioně there ặere ẳome limitationẳ to thiẳ ẳtudẹ.
here ặere no trialẳ ặhere driverẳ looẫed ẳolelẹ toë
ặardẳ the road aheadě but in the condition ặhere
ầaẺe ặaẳ predominantlẹ directed to the road ahead
č‘‘ẳtatic predictable’’ç there ặaẳ no reliable efect oẦ
coầnitive load. ơt remainẳ unclearě thereẦoreě ặhether
a coầnitive load inluenceẳ ẳteerinầ ặhen natural
ầaẺe behaviourẳ are adopted and driverẳ iẸate their
Ầuture path. ĩ linẫed iẳẳue iẳ that the nonëviẳual naë
ture oẦ the coầnitive taẳẫ doeẳ not ầeneraliẳe to the
common ẳituation oẦ retrievinầ and proceẳẳinầ inë
Ầormation Ầrom the point ặhere ẹou are looẫinầ či.e.
there ặaẳ no taẳẫ involvinầ inẦormation at the point
oẦ iẸationç. ňurthermoreěľooper et al. č2013ç and
ŕedeiroẳëûard et al. č2014ç onlẹ eẸamined the taẳẫ
oẦ maintaininầ a traẪectorẹ alonầ ẳtraiầht roadẳ. ĩlë
thouầh thiẳ can be a uẳeẦul paradiầm Ầor anẳặerinầ
ằueẳtionẳ related to laneëẫeepinầě the taẳẫ doeẳ not
neceẳẳarilẹ tranẳlate to the more ầeneral čand comë
pleẸç caẳe oẦ ẳteerinầ curved traẪectorieẳě ặhere the
driver needẳ to taẫe into account both Ầeedbacẫ inẦorë
mation Ầrom the near road edầeẳ aẳ ặell aẳ proẳpecë
tive inẦormation Ầrom the road ahead č∏and åHorë
woodě 1995ğ ∑aẬvẵảải å ñraẹě 2004ç…

ơt haẳ to Ảe noted thoẵgh that whiẬẳt a nẵậẢer oẦ
ẳtẵdieẳ have ẳhown that a redẵảtion in Ậane Ằoẳition
variaẢiẬitẹ oten oảảẵrẳwhen ảognitive Ậoad inảreaẳeẳ
če…g…ě ńngẳtröậ et aẬ…ě 2005ğ ∂ẵẢoẳe et aẬ…ě 2006ğ őaậë
ẳon å ŕeratě 2005ğ ŕeratě ĩnttiẬaě å Lẵoậaě 2005çě
there are aẬẳo ảonliảting reẳẵẬtẳ—i…e…ě an increase in
Ậane variaẢiẬitẹ ẵnder ảonditionẳ oẦ ảognitive Ậoad
če…g…ě łrewẳě šaẳẵẰathiě å ∑traẹerě 2008ğ ∑aẬvẵảải å
ĺeẬtowẳkaě 2008ç… heẳe ảontradiảtorẹ indingẳ ậaẹ

Ảe Ảeảaẵẳe oẦ diferenảeẳ in taẳk diiảẵẬtẹ Ảetween
varioẵẳ eẸẰeriậentẳě aẳ weẬẬ aẳ the ẳẰeảiiả driving
taẳk and ẳảenarioẳ ẵẳed1… ŕoreoverě ậoẳt oẦ theẳe
ẳtẵdieẳ did not ẳẰeảiiảaẬẬẹ eẸaậine the taẳk oẦ Ảend
negotiationě whiảh reằẵireẳ ảontinẵoẵẳ onẬine ẳteerë
ing ảontroẬ čaẳ oẰẰoẳed to Ậane keeẰing in ẳtraight
roadẳě where the driverẳ onẬẹ need to ảorreảt their
ẳteering when theẹ have drited too ậẵảh towardẳ
one ẳide oẦ the Ậaneç… ŕoẳt iậẰortantẬẹě howeverě
not aẬẬ oẦ theẳe ẳtẵdieẳ Ằrovide inẦorậation aẢoẵt
where ẰartiảiẰantẳ were Ậooking dẵring Ậane keeẰingě
ậaking interẰretation oẦ the indingẳ diiảẵẬt…
he evidenảe introdẵảed ẳo Ầar ẳẵggeẳtẳ that ẳeảë

ondarẹ taẳkẳ ảan afeảt eẹeëậoveậentẳ either dië
reảtẬẹ Ảẹ reằẵiring ẰartiảiẰantẳ to Ậook at an inë
vehiảẬe diẳẰẬaẹ čơþơ∑çě indireảtẬẹ Ảẹ indẵảing gaẺe
ảonảentration at the ảentre oẦ the roadě or the ẳeảë
ondarẹ taẳkẳ ảan redẵảe overaẬẬ the Ằroảeẳẳing oẦ
the viẳẵaẬ ẳảene… he reaẳon whẹ a ẳeảondarẹ taẳk
woẵẬd afeảt the Ằroảeẳẳing oẦ the ẳảene iẳ not ẦẵẬẬẹ
ẵnderẳtood ẹetě Ảẵt one eẸẰẬanation ảoẵẬd Ảe the
narrowing oẦ the ţẳeẦẵẬ ňieẬd oẦ þiew čţňśþ: ĺaẬẬě
ĺeardě ̉oenkerě ŕiẬẬerě å ñriggẳě 1988ç… he viẳẵaẬ
area where inẦorậation ảan Ảe ẳaậẰẬed with one iẸë
ation haẳ Ảeen naậed the ẦẵnảtionaẬ ieẬd oẦ view
čňňoþçě or the ẵẳeẦẵẬ ieẬd oẦ view čĺaẬẬ et aẬ…ě 1988ç…
ĩ ẰroẰertẹ oẦ the ţňśþ iẳ that itẳ ẳiẺe iẳ not ảonë
ẳtant Ảẵt inẳtead ảan deảreaẳe in the Ằreẳenảe oẦ a
ảognitive Ậoad on the ảentraẬ Ằoint oẦ iẸationě thẵẳ
ảreating artiiảiaẬ tẵnneẬ viẳion čûiẬẬiaậẳě 1982ě 1985ç…
ûhiẬẳt tẵnneẬ viẳion haẳ Ảeen ẳhown in ẬaẢoratorẹ
ẳettingẳě it iẳ not neảeẳẳariẬẹ the reaẳon Ầor the Ằoor
ẰeriẰheraẬ deteảtion ẰerẦorậanảe dẵring ẳeảondarẹ
taẳkẳ če…g…ě ŕerat å őaậẳoně 2008ç… ňor eẸaậẰẬeě the
‘generaẬ interẦerenảe theorẹ’ ẳtateẳ that ẳeảondarẹ
taẳkẳ are ẳoậetiậeẳ aẬẬoảated ậore attentionaẬ reë
ẳoẵrảeẳ and thiẳ ảaẵẳeẳ a ảonảoậitant deảẬine in
the ẰerẦorậanảe oẦ other ảonảẵrrent deteảtion taẳkẳ
č̉eảarte å řẵneẳě 2003ç… ơn thiẳ ảaẳeě thereẦoreě an
inảreaẳed ảognitive Ậoad woẵẬd deảreaẳe deteảtion
ẰerẦorậanảe in the entire viẳẵaẬ ieẬdě not Ẫẵẳt Ầor
targetẳ Ằreẳented in ẰeriẰheraẬ viẳion čẳee þiảtorě ńnë
gẳtröậě å HarẢẬẵkě 2008ç…

he reẳearảh evidenảe ẳeeậẳ to indiảate that in orë

1ťaẳkẳ ẵẳing diferent ảognitive reẳoẵrảeẳ have Ảeen Ằoẳtẵë
Ậated to have diferent efeảtẳ on ẳteering… ńngẳtröậ et aẬ… č2005ç
Ầoẵnd an inảreaẳe in Ậane keeẰing variation when ẵẳing a viẳẵaẬẬẹ
deậanding taẳk ảoậẰared to a ậore ảognitive taẳk… Howeverě it
ẳhoẵẬd Ảe noted that eẹeëậoveậentẳ rather than the taẳk itẳeẬẦ
ậight have inlẵenảed the ẳteering indingẳ…
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der to determine ặhether coầnitive load inluenceẳ
ẳteerinầě one needẳ to control ầaẺe direction and eẹe
movementẳ. hiẳ can be achieved bẹ enẦorcinầ ầaẺe
iẸation on ẳpeciic pointẳ in the ẳceneě durinầ ẳinầle
taẳẫ ẳteerinầě aẳ ặell aẳ dual taẳẫ conditionẳ čẳteerinầ
pluẳ coầnitive loadç. ûhen participantẳ are aẳẫed to
carrẹ out a coầnitive taẳẫ ặhilẳt ẳteerinầě predictionẳ
can be made reầardinầ the efect that ẳuch a concurë
rent taẳẫ ặill have on ẳteerinầk čaç indirectlẹ throuầh
afectinầ viẳion ặhich in turn afectẳ ẳteerinầ perë
Ầormanceě and čbç directlẹě bẹ afectinầ the control
proceẳẳeẳ underpinninầ ẳteerinầ itẳelẦ. ơn termẳ oẦ
čaç it haẳ been ẳhoặn that ặhen the boundarieẳ oẦ
the road či.e.ě the roadëedầeẳç are either viẳuallẹ deë
ầraded čKountouriotiẳ et al.ě 2012ç or moved toặardẳ
peripheral viẳion č̉obertẳhaặ åûilẫieě 2008çě then
ầaẺe direction haẳ a ầreater inluence on ẳteerinầ traë
Ẫectorieẳě ặith participantẳ eẸhibitinầ a ầreater biaẳ
toặardẳ ofẳet iẸation pointẳ. ơn Kountouriotiẳ et al.
č2012ç ặhen the roadëedầeẳ ặere deầraded ẳteerinầ
biaẳ toặardẳ the iẸation pointẳ increaẳed či.e. ầaẺe
direction had a ầreater input into ẳteerinầ than then
deầraded ẳourceẳ oẦ inẦormation. he ầreater inluë
ence oẦ ầaẺe direction haẳ been eẸplained in termẳ oẦ
the ĩctive GaẺe modelě ặhich combineẳ a number oẦ
leẸiblẹ ặeiầhted perceptual inputẳk ặhen one oẦ the
inputẳ či.e. the roadëedầeẳç becomeẳ noiẳẹŋunreliable
or unavailableě the ặeiầhtinầ iẳ increaẳed Ầor other
inputẳ či.e. ầaẺe directionğ Kountouriotiẳ et al.ě 2012ğ
ûilẫie et al.ě 2008ğ ûilẫie å ûanně 2002ç. ĩn inë
creaẳed inluence oẦ ầaẺe on ẳteerinầ could alẳoě in
theorẹě be induced ặithout maẫinầ anẹ phẹẳical
chanầeẳ to roadëedầe luminance or road ặidthě but
bẹ aẳẫinầ the driverẳ to carrẹ out a coầnitive or viẳual
taẳẫě ặhich ặould reduce the ţẳeẦul ňield oẦ þieặ
čţňśþç and thuẳ deầrade the inẦormation provided
bẹ theẳe Ầeatureẳ čňiầure 4ç. ĩẳ ẳuchě in a ẳteerinầ
taẳẫ ặhen there iẳ a viẳual or coầnitive load on the
point oẦ ầaẺe iẸationě iẦ viẳual inẦormation Ầrom
peripheral viẳion becomeẳ deầraded či.e.ě reduced
ţňśþçě then ầreater ẳteerinầ biaẳ toặardẳ the iẸaë
tion point ẳhould be obẳerved.

ơn termẳ oẦ ẳcenario čbç – coầnitive load afectinầ
ẳteerinầ directlẹ – ẳteerinầ iẳ oten vieặed aẳ hiầhlẹ
automatedě ặithout aặareneẳẳ oẦ itẳ procedural aẳë
pect and not relẹinầ on limited reẳourceẳ čřorman
å ∑halliceě 2000ğ ∑hifrin å ∑chneiderě 1977ç. ơẦ thiẳ
iẳ the caẳeě ẳteerinầ ẳhould not be ẳubẪect to interẦerë
ence Ầrom hiầherëlevel Ầunctionẳ ẳuch aẳ coầnitive

taẳẫẳě unleẳẳ theẳe taẳẫẳ either afect eẹeëmovementẳ
čặhich have been ẳhoặn to be crucial Ầor locomoë
tionç or reằuire amotor reẳponẳe čặhere there ặould
be biomechanical interẦerence ặith the ẳteerinầ taẳẫç.
here iẳ evidenceě hoặever that ẳhoặẳ that viẳualë
motor taẳẫẳě ẳuch aẳ ặalẫinầ čHarẬeẹě ûiẬkieě å
ûanně 2009ç and Ẫẵdging one’ẳ direảtion oẦ headë
ing čûann et aẬ…ě 2000ç ảan Ảe afeảted Ảẹ ảonảẵrrent
ảognitive taẳkẳ… ơn the eẸẰeriậentẳ reẰorted here
we eẸaậined whether the diferenảeẳ in ẳteering Ằatë
ternẳ oẢẳerved in the Ậiteratẵre when driverẳ engage
in viẳẵoẳẰatiaẬ taẳkẳ and taẳkẳ that do not reằẵire vië
ẳẵaẬ inẰẵt č‘ảognitive’ taẳkẳç ảan Ảe attriẢẵted to diẦë
Ầerenảeẳ in eẹeëậoveậentẳ aẳ the ĩảtive ñaẺeậodeẬ
oẦ ẳteering Ằrediảtẳ… ťo thiẳ ẰẵrẰoẳeě taẳkẳ ẳiậiẬar to
thoẳe ẵẳed Ảẹ ûann et aẬ… č2000ç that afeảted headë
ing eẳtiậation were ẵẳedě the rationaẬe Ảeing that
ẳinảe theẳe taẳkẳ ảan afeảt a ẬowëẬeveẬ taẳk ẳẵảh aẳ
heading ẰerảeẰtioně theẹ ẳhoẵẬd afeảt ẳteering too…
čûann et aẬ…ě 2000ç ẳiậẵẬated Ậinear ẳeẬẦëậotion and
aẳked ẰartiảiẰantẳ to ẰerẦorậ one oẦ three ảonảẵrë
rent taẳkẳ č‘ĩrrow’ě ‘řẵậẢer’ and ‘ľoẬoẵr’ç… heẹ
Ầoẵnd that two taẳkẳ č‘ĩrrow’ and ‘řẵậẢer’ç had a
detriậentaẬ efeảt on ẰartiảiẰantẳ’ aẢiẬitẹ to Ẫẵdge the
direảtion oẦ ẳiậẵẬated ẳeẬẦëậotioně with ẰartiảiẰantẳ
ẵnderëeẳtiậating the eảảentriảitẹ oẦ their heading
direảtion… ûe ẵẳed ẳiậiẬar taẳkẳě aẳ weẬẬ aẳ an adë
ditionaẬ aẵditorẹ taẳk čin ńẸẰeriậent 2ç in order
to have a ảondition where attentionaẬ Ầoảẵẳ did not
ảoinảide with gaẺe Ầoảẵẳ…
ơn the irẳt eẸẰeriậent reẰorted here viẳẵaẬ taẳkẳ

were ẰẬaảed at iẸation Ằointẳ at a ảonẳtant angẬe reẬë
ative to the driver čẳiậiẬar to Ậooking at an ơþơ∑ğ aẳ
ẵẳed Ảẹ ̉eadinger et aẬ…ě 2002ç and in the ẳeảond
eẸẰeriậent the iẸation Ằointẳ were Ằoẳitioned in
reẬation to the worẬd at a iẸed diẳtanảe Ầroậ the
driver čaẳ in ∂oẵntoẵriotiẳ et aẬ…ě 2012ğ ̉oẢertẳhaw
åûiẬkieě 2008ç… he ẳaậe iẸation Ằointẳ were ẵẳed
in ẢaẳeẬine ảonditionẳ čwithoẵt additionaẬ ảognitive
Ậoadç aẳ weẬẬ aẳ in the ảognitive taẳk ảonditionẳě aẬẬowë
ing the iậẰaảt oẦ ảognitive Ậoad and gaẺe direảtion
on ẳteering to Ảe ằẵantiied…

Experiment 1: Fixations relative to

the vehicle (‘IVIS’)

ơn the irẳt eẸẰeriậent ẰartiảiẰantẳ ẳteered a ẳerieẳ
oẦ Ảendẳ whiẬẳt direảting their gaẺe on to a iẸation
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croẳẳ diẳplaẹed in one oẦ Ầour poẳẳible eccentricitieẳ.
he iẸation point ặaẳ alặaẹẳ at a conẳtant anầle
to driverě mimicẫinầ the propertieẳ oẦ an inëvehicle
inẦormation ẳẹẳtem. ơn the baẳeline conditionẳ parë
ticipantẳ ặere aẳẫed to ẳimplẹ ẳteer ặhile iẸatinầ
their ầaẺe on the iẸation pointě ặhile in the taẳẫ conë
ditionẳ theẹ had to perẦorm one oẦ tặo taẳẫẳ čẪudầe
the direction oẦ arroặẳ or a number ẳerieẳç.

Methods

Participants

ňourteen volunteerẳ tooẫ part in thiẳ ẳtudẹě eiầht oẦ
them ặere Ầemaleẳ. he mean aầe ặaẳ 23.93 ± 4.86
ẹearẳ and all had a drivinầ licenẳe čone participant
held a learner’ẳ licence at the time oẦ teẳtinầç. ĩll
oẦ the participantẳ ặere naïve to the purpoẳe oẦ the
eẸperiment.

Apparatus

ĩ šľ ặith ơntel i7 950 č3.07 ñHẺç Ằroảeẳẳor generë
ated iậageẳ at 60 HẺ with a reẳoẬẵtion oẦ 1280× 1024
ẰiẸeẬẳ… ơậageẳ were ảreated ẵẳing ûorẬdþiẺ þiẺard
3…0… ơậageẳ were ẰroẪeảted ẵẳing a ∑anẹo Liằẵid
ľrẹẳtaẬ šroẪeảtor čšLľëXţ58ç onto a bacẫ proẪecë
tion ẳcreen ặith dimenẳionẳ oẦ 1.98 × 1.43 m. šarë
ticipantẳ ẳat 1 m aặaẹ Ầrom thiẳ ẳcreeně maẫinầ the
total ield oẦ vieặ 89.42○×71.31○. ĩ heiầhtëadẪuẳtable
racinầëẳtẹle drivinầ ẳeat ặaẳ uẳed to maintain eẹeë
heiầht 1.20 m above the ầround. šarticipantẳ ẳat in a
matt blacẫ booth ẳo that the proẪection provided the
onlẹ ẳource oẦ liầht. ∑teerinầ ặaẳ controlled uẳinầ
a ẦorceëẦeedbacẫ ặheel č∏oầitech G27ç. GaẺe data
ặere recorded uẳinầ a remote ĩpplied ∑cience ∏abë
oratorieẳ 504 ầaẺe monitorinầ ẳẹẳtemě ặhich uẳeẳ
panëtilt tracẫinầ to Ầolloặ eẹe movementẳ and ặaẳ
calibrated on a 9ëpoint ầrid.

Visual Stimuli

he environment conẳiẳted oẦ a 3 m ặide bendinầ
roadặaẹ and participantẳ ặere inẳtructed to ẳteer
alonầ the centre oẦ the road. he road conẳiẳted oẦ a
9 m lonầ ẳtraiầht ẳection and ater that a ẳinầle bend.
he road curvature ẳtarted at 60 m but it reduced at
a conẳtant rate oẦ chanầe oẦ −25ŋπ m. hiẳ tẹpe oẦ
bend ặaẳ uẳed over bendẳ ặith a conẳtant curvatureě
ặhere čin theorẹç participantẳ can ẳteer bẹ ẫeepinầ

the ẳteerinầ ặheel at a conẳtant anầle. hiẳ ẳhould
maẫe the ẳteerinầ taẳẫmore demandinầ bẹ reằuirinầ
participantẳ to conẳtantlẹ monitor that the turninầ
rate iẳ ẳuicient. ňiầure 1 ẳhoặẳ a topëdoặn vieặ oẦ
the bendẳ uẳed hereě compared to a bend oẦ conẳtant
curvature Ầor compariẳon. ơn halẦ the trialẳ bendẳ
ặere lipped acroẳẳ the lonầ aẸiẳ tomaẫe bendẳ curve
to the riầht or the let. he ẳpeedặaẳ ẫept conẳtant in
all oẦ the conditionẳ at 13.8 mŋẳ to avoid participantẳ
neầatinầ the diicultẹ oẦ the ẳteerinầ taẳẫ bẹ ẳloặinầ
doặn in the coầnitive taẳẫ conditionẳ. ἑach trial
laẳted ẳeven ẳecondẳ.
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Figure 1 ἑẸample oẦ a ẳpiral bend čặhere the radiuẳ reë

duceẳ at a conẳtant rateç compared to a bend oẦ conẳtant

curvature.

heiẸationẳ uẳed in thiẳ eẸperiment ặere at a conë
ẳtant anầle Ầrom the driver irreẳpective oẦ the ẳcene
in order to imitate the propertieẳ oẦ inëvehicle inẦorë
mation ẳẹẳtemẳě ẳuch aẳ the poẳition oẦ a ẳatellite
naviầation ẳẹẳtem on a ặindẳcreen.
ňour diferent eccentricitieẳ ặere uẳedě ẳet at 20ῥ

or 30ῥ Ầrom the driver’ẳ midlineě either at the ẳame
direction oẦ the bend čnamed ơnẳide and ňar ơnẳide
reẳpectivelẹçě or oppoẳite to the direction oẦ the bend
čnamed śutẳide and ňar śutẳide reẳpectivelẹç. ňor
eẸampleě in a riầht bendě the iẸation point located
at 20ῥ to the riầht oẦ the participant ặould be the
ơnẳide iẸation ặhereaẳ the iẸation pointed located
20ῥ to the let oẦ the participant ặould be the śutë
ẳide iẸation. ňiầure 2 ẳhoặẳ the ẳcene ặith all Ầour
iẸation pointẳ čonlẹ one iẸation ặaẳ viẳible durinầ
each trialç.
ňiẸationẳ ặith a conẳtant ofẳet anầle Ầrom the

driver ặere alẳo uẳed bẹ ̉eadinầer et al. č2002ç. ơn
their ẳtudẹě participantẳ ẳteered toặardẳ the iẸation
pointẳ ặhen drivinầ alonầ a ẳtraiầht roadě ặith the
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Figure 2he Ầour poẳẳible iẸation pointẳ in ἑẸperiment

1 ặere alặaẹẳ at the ẳame ofẳet anầle č20 or 30 deầreeẳ

in either directionç relative to the driver’ẳ midline. śnlẹ

one iẸation ặaẳ viẳible durinầ each trial. he inẳert ẳhoặẳ

an eẸample ẳeằuence Ầor the ‘ĩrroặ’ conditioně ặhere

the correct reẳponẳe čater locomotion iniẳheẳç ặould be

‘clocẫặiẳe’ čriầht button preẳẳç. he ẳame timinầẳ ặere

uẳed in all taẳẫ conditionẳ.

maầnitude oẦ biaẳ ầenerallẹ beinầ in proportion to
themaầnitude oẦ the ofẳet oẦ the iẸation point. Howë
everě Ảiaẳ reaảhed a ẰẬateaẵ on the ậore eẸtreậe ofë
ẳet iẸationẳ čnot ẵẳed hereç… ơẦ ẳiậiẬar reẳẵẬtẳ are
oẢẳerved in thiẳ eẸẰeriậentě then ẳẹẳteậatiả negë
ative Ảiaẳeẳ Ầor ňar śẵtẳide and śẵtẳide iẸationẳ
are eẸẰeảtedě and Ằoẳitive Ảiaẳeẳ Ầor the ơnẳide and
ňar ơnẳide iẸationẳ… ňẵrtherậoreě the ậagnitẵde oẦ
theẳe Ảiaẳeẳ ẳhoẵẬd releảt the ofẳet oẦ the iẸationẳ:
Ậarger čẰoẳitiveç vaẬẵeẳ Ầor the ňar ơnẳide ảoậẰared
to the ơnẳide iẸationě and Ậarger čaẢẳoẬẵteç vaẬẵeẳ Ầor
the ňar śẵtẳide ảoậẰared to the śẵtẳide iẸationẳ…

Cognitive Tasks

ťwo ảognitive taẳkẳ were ẵẳed in thiẳ eẸẰeriậentě
‘ĩrrow’ and ‘řẵậẢer’ě aẳ weẬẬ aẳ a ảontroẬ ảonditioně
dẵring whiảh the ẰartiảiẰantẳ were aẳked to keeẰ
their gaẺe iẸating the target throẵghoẵt the triaẬ…he
ảognitive taẳk ảonditionẳ Ằreẳented inẦorậation on
the iẸation target whiảh were ẳiậiẬar to the ĩrrow
and řẵậẢer ảonditionẳ ẵẳed Ảẹ ûann et aẬ… č2000ç…
Hereě howeverě inẳtead oẦ aẳking the ẰartiảiẰant to
reẰort the neẸt arrow or nẵậẢer in a ẳerieẳě aẳ in
ûann et aẬ… č2000çě the ẰartiảiẰantẳ were aẳked to
ảoậẰare either two arrowẳ čĩrrow ảonditionç or two

nẵậẢerẳ čřẵậẢer ảonditionç Ằreẳented at diferent
tiậeẳ dẵring the triaẬ and ậake a Ẫẵdgeậent aẢoẵt
the two ẳtiậẵẬi… he onẳet oẦ the irẳt ẳtiậẵẬẵẳ waẳ
two ẳeảondẳ into the triaẬě and the onẳet oẦ the ẳeảond
ẳtiậẵẬẵẳ waẳ ẳiẸ ẳeảondẳ into the triaẬ… ńaảh ẳtiậẵẬẵẳ
waẳ viẳiẢẬe Ầor one ẳeảond… ûhen no arrow or nẵậë
Ảer waẳ Ằreẳent the iẸation Ằoint diẳẰẬaẹed a ảroẳẳ…
ĩt the end oẦ the triaẬ ẰartiảiẰantẳ reẰorted whether
the nẵậẢerẳ aẳảended or deẳảendedě or whether the
arrowẳ were ậoving ảẬoảkwiẳe or antiảẬoảkwiẳe… he
reẳẰonẳeẳ were ậade Ảẹ Ằreẳẳing the right ẰaddẬe oẦ
the ẳteering wheeẬ Ầor aẳảending or ảẬoảkwiẳe and the
Ậet ẰaddẬe Ầor deẳảending and antiảẬoảkwiẳe… šartiảië
Ằantẳ were aẬẬowed to Ằraảtiảe the taẳkẳ ẵntiẬ theẹ ẦeẬt
ảoậẦortaẢẬe ẰerẦorậing theậ whiẬẳt ẳteering… he
inẳert oẦ ňigẵre 2 ẳhowẳ the tiậingẳ oẦ an eẸaậẰẬe
ĩrrow ảondition…

∑inảe ẰartiảiẰantẳ had to wait ẵntiẬ the end oẦ the
triaẬ to ậake a reẳẰonẳeě reaảtion tiậeẳ do not aảt aẳ
a ẵẳeẦẵẬ ậeaẳẵre in theẳe eẸẰeriậentẳ… ơn order to
get an eẳtiậate oẦ the reẬative diiảẵẬtẹ oẦ eaảh taẳk
we ậeaẳẵred ẳeẰarateẬẹ reaảtion tiậeẳ and aảảẵraảẹ
rateẳ to reẳẰond ẰẵreẬẹ to the viẳẵaẬ ẳtiậẵẬi čẵẳing
the ẳaậe diẳẰẬaẹ tiậingẳ aẳ in the aảtẵaẬ eẸẰeriậent
Ảẵt withoẵt a ảonảẵrrent ẳteering taẳkç… ĩảảẵraảẹ
waẳ ẳiậiẬar aảroẳẳ taẳkẳě thoẵgh ̉ťẳ were ằẵiảker Ầor
‘řẵậẢer’ triaẬẳ and ẳẬoweẳt Ầor ‘ĩrrow’ triaẬẳ… he
ẦẵẬẬ reẳẵẬtẳ oẦ thiẳ ẰiẬot are reẰorted in the ậethodẳ
ẳeảtion oẦ ńẸẰeriậent 2…

Experimental Design and Analysis

ĩ ẢẬoảked deẳign waẳ ẵẳed to ẳeẰarate the taẳk and
no taẳk čẢaẳeẬineç ảonditionẳě in order to avoid ẳitẵë
ationẳ where in a ‘řo ťaẳk’ ảondition ẰartiảiẰantẳ
eẸẰeảt a ẳtiậẵẬẵẳ to aẰẰear on the iẸation Ằoint and
thereẦore aẬẬoảate ậore attentionaẬ reẳoẵrảeẳ than
theẹ woẵẬd do otherwiẳe… hiẳ Ằrovideẳ ẵẳ with a
reẬativeẬẹ Ằẵre ậeaẳẵre oẦ ẳteering when iẸating the
ẳignẳ withoẵt additionaẬ ảognitive Ậoad… ťoậiniậiẳe
the ảonẦoẵnding efeảtẳ oẦ Ằraảtiảe and Ầatigẵe the
noëẬoad ảondition waẳ reẰeated twiảeě at Ảoth the Ảeë
ginning and end oẦ the teẳting ẳeẳẳion… šartiảiẰantẳ
ảoậẰẬeted the ‘řo ťaẳk 1’ ẢẬoảk with the ảontroẬ ảonë
ditionẳ č6 triaẬẳ oẦ 4 iẸationẳě haẬẦ in right Ảendẳ and
haẬẦ in Ậet Ảendẳç… hen in the ẳeảond ẢẬoảk č‘ťaẳk’
ẢẬoảkç theẹ ảoậẰẬeted the two ảognitive taẳkẳ ranë
doậẬẹ interẬeaved č6 triaẬẳ oẦ 4 iẸationẳ × 3 taẳkẳě
haẬẦ oẦ theậ right Ảendẳ and haẬẦ Ậetç… ňinaẬẬẹě the
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‘řo Taẳẫ 2’ blocẫ repeated the control condition č6
trialẳ oẦ 4 iẸationẳç.

Results and Discussion

Cognitive Task Performance

ơn order to eẸamine perẦormance durinầ the tặo
coầnitive taẳẫẳě accuracẹ ẳcoreẳ či.e.ě the percentë
aầe oẦ correct reẳponẳeẳç ặere calculated. he proë
portion oẦ correct reẳponẳeẳ averaầed acroẳẳ particië
pantẳ Ầor the ĩrroặ and řumber taẳẫẳ ặere 91.07ą
and 93.15ą reẳpectivelẹě indicatinầ that the particië
pantẳ perẦormed ặell in both taẳẫẳě and to a ẳimilar
level aẳ ặhen perẦorminầ the taẳẫẳ ặithout ẳteerë
inầ čẳee Table 1ě ἑẸperiment 2 Ầor a pilot eẸperië
ment eẸamininầ all ẳecondarẹ taẳẫẳ ặithout ẳteerë
inầç. ĩ pairedëẳampleẳ tëteẳt Ầound no ẳiầniicant
diference betặeen the ĩrroặ and řumber taẳẫẳě
t(13) ≙ −1.71ě p ≙ .110.

Steering Bias

∑teerinầ biaẳ iẳ a directionalmeaẳure oẦ ẳteerinầ errorě
meaẳurinầ the overall tendencẹ oẦ the driver to ẳteer
toặardẳ the outẳide road edầe čneầative valueẳçě or
the inẳide road edầe čpoẳitive valueẳç relative to the
centre oẦ the road čẺero biaẳç. ĩ 4 člevelẳ oẦ Taẳẫk řo
Taẳẫ 1ě ĩrroặě řumber and řo Taẳẫ 2ç bẹ 4 člevelẳ
oẦ iẸationẳk ňar ơnẳideě ơnẳideě śutẳide and ňar śutë
ẳideç repeatedëmeaẳureẳ ĩřśþĩ ặaẳ carried out
on the ẳteerinầ biaẳ valueẳ. here ặaẳ no ẳiầniicant
efect oẦ Taẳẫě F(3ě 39) ≙ 1.92ě p ≙ .143ě but a ẳiầniẦë
icant main efect oẦ ňiẸationě F(3ě 39) ≙ 3.55ě p ≙
.023ě η2p ≙ .21ě and a ẳiầniicant interaction betặeen

Taẳẫ and ňiẸationě F(9ě 117) ≙ 2.41ě p ≙ .015ě η2p ≙ .16ě
ẳhoặn in ňiầure 3.
ûhen řo Taẳẫ 1 iẳ removed Ầrom the ĩřśþĩ

ẳo that Taẳẫ haẳ onlẹ three levelẳ and ňiẸation Ầour
levelẳě the interaction betặeen ňiẸation and Taẳẫ
ceaẳeẳ to be ẳiầniicantě F(6ě 78) ≙ 1.04ě p ≙ .405.
ơt ẳeemẳ then that the interaction iẳ driven bẹ the
behaviour oẦ the participantẳ in the řo Taẳẫ 1 conë
ditionŋblocẫ ặhere there are ẳẹẳtematic directional
ẳteerinầ biaẳeẳ cauẳed bẹ iẸation direction čặhite
trianầleẳ on ňiầure 3ç. ňiẸatinầ ňar śutẳide cauẳeẳ
the ầreateẳt underẳteer či.e.ě ẳteerinầ toặardẳ the outë
ẳide edầeç and iẸatinầ ňar ơnẳide cauẳeẳ the ầreateẳt
overẳteer čẳteerinầ toặardẳ the inẳide edầeç ặith the
intermediate conditionẳ cauẳinầ ẳmaller biaẳeẳ in the

–.20

–.15

–.10

–.05

0

.05

.10

.15

.20

.25

Far Outside

(–30˚)

Outside

(–20˚)

Inside

(20˚)

Far Inside

(30˚)

S
te

e
ri

n
g

 B
ia

s 
(m

)

Fixation Point

No Task 1 Arrow

NumberNo Task 2

Inside Edge

Outside Edge

Figure 3he interaction betặeen ňiẸation and Taẳẫ conë

ditionẳ in ẳteerinầ biaẳ. ûhen participantẳ iẸate on the

ơnẳide theẹ ẳteer toặardẳ the inẳide road edầe in řo Taẳẫ

1 relativelẹ to the reẳt oẦ the taẳẫ conditionẳě and theẹ alẳo

underẳteer in the śutẳide iẸation condition compared to

the reẳt oẦ the taẳẫ conditionẳ. ἑrror barẳ î Sἑἣ.

direction oẦ iẸation. hiẳ iẳ the reẳult that ặould be
eẸpected iẦ participantẳ ẳteered in the direction oẦ
ầaẺe č̉eadinầer et al.ě 2002ğ ̉obertẳhaặ åûilẫieě
2008ğ Kountouriotiẳ et al.ě 2012ç.

ňor all other conditionẳ čTaẳẫẳ and řo Taẳẫ 2ç parë
ticipantẳ did eẸhibit ẳome deầree oẦ biaẳ cauẳed bẹ
iẸation direction. hiẳ iẳ ẳhoặn bẹ the direction oẦ
ẳlopeẳ betặeen ňar ơnẳide and ơnẳide iẸation čňiầure
3ě ầreater overẳteer in ňar ơnẳideçě and śutẳide and
ňar śutẳide čầreater underẳteer in ňar śutẳide than
śutẳideç. Howeverě there iẳ a ẳeảond Ầaảtor inlẵenảë
ing ẳteering that ảaẵẳeẳ ẰartiảiẰantẳ to ẳteer awaẹ
Ầroậ the direảtion oẦ gaẺe – thiẳ iẳ ậoẳt oẢvioẵẳ in
the śẵtẳide and ơnẳide iẸation ảonditionẳ ảoậẰarë
ing řo ťaẳk 2 with řo ťaẳk 1 čňigẵre 3ě white ẳằẵareẳ
vẳ… white triangẬeẳç…

ûe ẢeẬieve that thiẳ ẳteering Ảiaẳ iẳ dẵe to a ẰroẰë
ertẹ oẦ the ẳtatiả iẸation Ằointẳ ẵẳed… ơẦ the driver
ẳteerẳ in the oẰẰoẳite direảtion oẦ iẸation then thiẳ
ảaẵẳeẳ a ảhange in the ẳảene and ậakeẳ the ảentre oẦ
the road Ậie ảẬoẳer to the Ằoint oẦ gaẺe… hiẳ ậeanẳ
that the road wiẬẬ ẦaẬẬ ảẬoẳer to ảentraẬ viẳion and
ẳo ậaẹ Ằrovide ậore ẵẳeẦẵẬ inẦorậation to Ằartiảië
Ằantẳ čňigẵre 4 iẬẬẵẳtrateẳ thiẳ efeảtç… he Ầaảt that
thiẳ Ảehavioẵr iẳ not eẸhiẢited in the řo ťaẳk 1 ẢẬoảk
čwhiảhwaẳ aẬwaẹẳ Ằreẳented irẳtç indiảateẳ that ẳteerë
ing awaẹ Ầroậ gaẺe ậaẹ Ảe a Ậearnt reẳẰonẳe to trẹ to
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reduce the biaẳeẳ cauẳed bẹ eccentric iẸation. ơt apë
pearẳ thereẦore that participantẳ learnt to alter their
natural ẳteerinầ behaviour in order to ‘move’ the
road toặardẳ their point oẦ ầaẺe. hiẳ demonẳtrateẳ
remarẫable leẸibilitẹ in the coordination oẦ ầaẺe and
ẳteerinầ.

Figure 4śverŋunderëẳteerinầ and the relation oẦ the iẸë

ation point to the road. čaç ∑teerinầ aặaẹ Ầrom the point

oẦ ầaẺe meanẳ that the road iẳ cloẳer to central viẳion čẳee

ẳhaded circleç. čbç ∑teerinầ toặardẳ the point oẦ ầaẺemoveẳ

the road toặardẳ peripheral viẳion ặhere not onlẹ there iẳ

leẳẳ viẳual acuitẹ but the ầaẺe anầle haẳn’t been reduced.

he darẫ ầreẹ diẳcẳ demonẳtrate a Ế30ῥ Ẻone indicatinầ

central viẳion čtheẳe diẳcẳ ặere not viẳible to the particië

pantẳç.

ơt ặaẳ eẸpected that due to a narroặinầ oẦ the
ţňśþ čĺall et al.ě 1988ğ ûilliamẳě 1982ě 1985ç particë
ipantẳ’ ẳteerinầ ặould be inluenced more bẹ ầaẺe
direction čặith participantẳ eẸhibitinầ ầreater biaẳeẳ
toặardẳ the iẸation pointẳç ặhen a concurrent taẳẫ

ặaẳ preẳent compared to the řo Taẳẫ conditionẳ.
here ặereě hoặeverě no diferential efectẳ oẦ coầnië
tive taẳẫ on ẳteerinầ biaẳ.

RMS Steering Error

̉ŕ∑ error iẳ calculated bẹ taẫinầ the ẳằuare oẦ the
ẳiầned ẳteerinầ error čbiaẳç Ầor everẹ Ầrameě averaầë
inầ acroẳẳ Ầrameẳ and then taẫinầ the ẳằuare root. ơt
provideẳ an overall eẳtimate oẦ hoặ cloẳe the particië
pant ặaẳ to the centre oẦ the road in a ầiven trial
but iẳ unẳiầned čin contraẳt to biaẳ ặhich ẳhoặẳ
ặhether there ặaẳ ẳẹẳtematic overŋunderẳteer but
undereẳtimate larầe errorẳ that are not biaẳedç. ∏oặ
̉ŕ∑ ẳcoreẳ indicate participantẳ ẳtaẹed near the cenë
tre oẦ the road ặhereaẳ hiầh valueẳ indicate particë
ipantẳ ặere aặaẹ Ầrom the centre. ĩẳ ặith ẳteerinầ
biaẳě a 4 člevelẳ oẦ Taẳẫç bẹ 4 čňiẸationẳç repeatedë
meaẳureẳ ĩřśþĩ ặaẳ carried out on the ̉ŕ∑ valë
ueẳ. here ặaẳ a ẳiầniicant main efect oẦ Taẳẫ conë
ditionẳě F(3ě 39) ≙ 14.10ě p < .001ě η2p ≙ .52ě aẳ ặell
aẳ a ẳiầniicant main efect oẦ ňiẸation conditionẳě
F(3ě 39) ≙ 8.31ě p < .001ě η2p ≙ .39. řo ẳiầniicant
interaction ặaẳ Ầound betặeen theẳe tặo Ầactorẳě
F(4.23ě 55.01) ≙ 0.47ě p ≙ .764.
he main efect oẦ ňiẸation iẳ ẳhoặn in ňiầure 5a.

̉epeated planned contraẳtẳ indicate that ̉ŕ∑ erë
ror in the ơnẳide iẸation condition ặaẳ ẳiầniicantlẹ
loặer both Ầrom the ňar ơnẳide iẸationě F(1ě 13) ≙
23.41ě p < .001ě and the śutẳide iẸation condië
tioně F(1ě 13) ≙ 10.94ě p ≙ .006. řo diference ặaẳ
Ầound betặeen theśutẳide and ňar śutẳide iẸationẳě
F(1ě 13) ≙ 1.96ě p ≙ .185. he loặer ̉ŕ∑ error in the
ơnẳide iẸation condition iẳ in line ặith the indinầẳ
oẦ Kountouriotiẳ et al. č2012çě ặhere iẸation on the
inẳide oẦ the bend produced loặer ̉ŕ∑ ẳcoreẳ than
iẸation on the outẳide oẦ the bend. ơt appearẳě hoặë
everě that the advantaầe oẦ iẸatinầ on the inẳide oẦ
the bend iẳ loẳt ặhen the iẸation iẳ moved Ầurther
aặaẹ Ầrom the road centre čňar ơnẳide iẸationç.
he main efect oẦ Taẳẫ on ̉ŕ∑ error iẳ ẳhoặn

in ňiầure 5b. ûe irẳt compared the tặo taẳẫ condië
tionẳ uẳinầ a tëteẳt ặhich ẳhoặed no diference beë
tặeen the tặoě t(13) ≙ .62ě p ≙ .55. hereẦore ặe colë
lapẳed theẳe tặo conditionẳ and ran a 3ëặaẹ ĩřśþĩ
comparinầ řo Taẳẫ 1ě Taẳẫẳě and řo Taẳẫ 2 ặhich
ặaẳ ẳiầniicantě F(2ě 26) ≙ 12.66ě p < .001ě η2p ≙ .49.
šairặiẳe compariẳonẳ ặith ∑idaẫ correction ẳhoặed
that řo Taẳẫ 1 ặaẳ ẳiầniicantlẹ hiầher than Taẳẫẳ
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Figure 5 ̉ŕ∑ ẳteerinầ error. čaç he main efect oẦ ňiẸaë

tion. šarticipantẳ perẦorm better ặhen theẹ iẸate on the

inẳide oẦ the bendě but thiẳ advantaầe oẦ the inẳide iẸation

doeẳ not eẸiẳt on the more eẸtreme ňar ơnẳide iẸation.

čbç he main efect oẦ Taẳẫ. šarticipantẳ’ ̉ŕ∑ errorẳ are

loặer ặhen theẹ perẦorm a ẳecondarẹ taẳẫ čeither ĩrroặ

or řumberç compared to the conditionẳ ặhere there iẳ no

concurrent taẳẫ. ἑrror barẳ î Sἑἣ.

čp < .001çě řo Taẳẫ 2 ặaẳ ẳiầniicantlẹ hiầher than
Taẳẫẳ čp ≙ .034ç but there ặere no diferenceẳ beë
tặeen řo Taẳẫ 1 and řo Taẳẫ 2 čp ≙ .276ç.
ĩn intereẳtinầ phenomenon occurẳ herek ̉ŕ∑

ẳcoreẳě uẳuallẹ indicative oẦ ẳteerinầ error and varië
abilitẹ in ẳteerinầ perẦormanceě are hiầher ặhen
participantẳ do not perẦorm a ẳecondarẹ taẳẫ. ĩẳ
diẳcuẳẳed in the ơntroductioně thiẳ indinầ can be
eẸplained bẹ previouẳ reẳearch. śne meaẳure that
miầht help interpret the preẳent indinầẳ iẳ ẳteerinầ
reverẳal rate čŕc∏ean åHofậanně 1975ç…

Steering Reversals

ơẦ ̉ŕ∑ error releảtẳ redẵảed ẳteering variaẢiẬitẹ
in the taẳkẳ ảonditionẳ ảoậẰared to ẢaẳeẬine then
we ẳhoẵẬd ẳee the ẳaậe Ằattern when ẵẳing a ậeaë
ẳẵre ẳẵảh aẳ ẳteering reverẳaẬẳ… ∑teering reverẳaẬ rate

ảan Ảe deined aẳ the nẵậẢer oẦ tiậeẳ Ằer ậinẵte
that the direảtion oẦ the ẳteering wheeẬ ảhangeẳ Ảẹ
a inite aậoẵnt – Ầroậ haẬẦ a degree to 10 degreeẳ
čŕảLean å Hofậanně 1975ğ ŕaảdonaẬd å Hofë
ậanně 1980ç… ơn oẵr eẸẰeriậent triaẬẳ onẬẹ Ậaẳted
Ầor a reẬativeẬẹ ẳhort dẵration č7 ẳçě ẳo we generë
ated a ậeaẳẵre oẦ ẳteering reverẳaẬẳ ẵẳing the rate
oẦ ảhange oẦ the ẳteering wheeẬ angẬe and then idenë
tiẦẹing anẹ Ằeakẳ aẢove 1Ự in the opposite direảtion
oẦ the reằẵired ẳteering reẳẰonẳe… ûe ẵẳed theẳe
ảriteria in order to ảaẰtẵre inẳtanảeẳ where Ằartiảë
iẰantẳ needed to ậake ậaẪor adẪẵẳtậentẳ to their
traẪeảtorẹ rather than ảaẰtẵring overaẬẬ ẳteering inë
Ằẵt čthoẵgh ẢidireảtionaẬ reverẳaẬẳ oẦ 0…5Ự and 0…1Ự
reveaẬed ẳiậiẬar Ằatternẳ aẳ in the reẰorted ậetriảç…
∑iậiẬar to the anaẬẹẳiẳ oẦ ̉ŕ∑ ẳteering errorě a tëteẳt
waẳ ảarried oẵt to ảoậẰare the diferenảe in nẵậẢer
oẦ ẳteering reverẳaẬẳ čẳee ňigẵre 6ç Ảetween řẵậẢer
and ĩrrowě whiảh ẳhowed no ẳigniiảant diferenảeě
t(13) ≙ −…56ě p ≙ …588…hereẦore we ảoẬẬaẰẳed aảroẳẳ
the taẳkẳ ảonditionẳ and ran a reẰeatedëậeaẳẵreẳ
ĩřśþĩ with one Ầaảtor with 3 ẬeveẬẳ čřo ťaẳk 1ě
ťaẳkẳě řo ťaẳk 2ç… here waẳ a ẳigniiảant ậain
efeảtě F(2ě 16) ≙ 17…61ě p < …001ě η2p ≙ …575… šairë
wiẳe ảoậẰariẳonẳ with ∑idak ảorreảtionẳ ẳhowed
that diferenảeẳ were ẳigniiảant Ảetween aẬẬ three
ảonditionẳ… šartiảiẰantẳ in the řo ťaẳk 1 ảondition
ậade ậore ẳteering reverẳaẬẳ ảoậẰared to the ťaẳkẳ
ảondition čp < …001çě and aẬẳoậore ẳteering reverẳaẬẳ
ảoậẰared to řo ťaẳk 2 čp ≙ …027ç… ĩdditionaẬẬẹě in
řo ťaẳk 2 ẰartiảiẰantẳ ậade ậore ẳteering reverẳaẬẳ
ảoậẰared to the ťaẳkẳ čp ≙ …032ç…
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Figure 6řẵậẢer oẦ ẳteering wheeẬ reverẳaẬẳ Ầor eaảh ťaẳk
ảondition… šartiảiẰantẳ ẰerẦorậ Ầewer ẳteering reverẳaẬẳ
when there iẳ a ẳeảondarẹ taẳk ảoậẰared to the ảonditionẳ
withoẵt a ảonảẵrrent taẳk… ńrror Ảarẳ î Sἑἣ…
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ûhen participantẳ had a coầnitive load theẹmade
Ầeặer ẳteerinầ reverẳalẳ compared to the conditionẳ
ặithout a coầnitive load. hiẳ indinầ iẳ in line ặith
the obẳervationẳ oẦŕacdonald andHofậann č1980ç
who ẳẵggeẳted that inảreaẳing the deậandẳ on a
ẳteering taẳk with a ảognitive Ậoad ảaẵẳeẳ a redẵảë
tion in ẳteering reverẳaẬẳğ theẹ argẵe that thiẳ haẰë
Ằenẳ Ảeảaẵẳe when ẰartiảiẰantẳ have to ẰerẦorậ a
deậanding ảonảẵrrent taẳk theẹ reậove their atë
tention Ầroậ the ẳteering taẳk and thereẦore ậake
Ầewer ảorreảtive adẪẵẳtậentẳ… he aẬternative eẸẰẬaë
nation iẳ that ẳteering ẰerẦorậanảe iẳ aảtẵaẬẬẹ iậë
Ằroving when attention iẳ ẳhited awaẹě Ảeảaẵẳe ẳteerë
ing iẳ ẳẵảh a highẬẹëaẵtoậated taẳk čŕedeiroẳëûard
et aẬ…ě 2014ç… hiẳ argẵậent eằẵateẳ redẵảed variaẢiẬë
itẹ with Ảetter ẰerẦorậanảeě Ảẵt thiẳ reẬationẳhiẰ iẳ
ảoậậonẬẹ oẢẳerved in eẸẰertẳ ẰerẦorậing a nẵậë
Ảer oẦ ẳkiẬẬed viẳẵaẬëậotor taẳkẳě Ầor eẸaậẰẬe Ảaẳeë
ẢaẬẬ čñraẹě 2004çě goẬẦ and ẦootẢaẬẬ čĺeiẬoảkě ľarrě
ŕaảŕahoně å ∑tarkeẳě 2002ç aẳ weẬẬ aẳ tẹẰing čťaẰẰ
å Loganě 2011ç…

Experiment 2: Fixations in rela-

tion to the world (‘Road Signs’)

he irẳt eẸẰeriậent ẳhowed that iẸationẳ on ẳignẳ
at a ảonẳtant angẬe reẬative to the oẢẳerver Ậed to
redẵảed ẳteering ảorreảtionẳ in the taẳk ảonditionẳ…
ơn terậẳ oẦ direảtionaẬ errorẳ čẳteering Ảiaẳçě Ằartiảë
iẰantẳ ẳteered in the direảtion oẦ gaẺe in the irẳt
eẸẰeriậentaẬ ẢẬoảkě Ảẵt in the ẦoẬẬowing ẢẬoảkẳ theẹ
ẳteered in a waẹ that woẵẬd Ảring reẬevant inẦorậaë
tion ảẬoẳer to ảentraẬ viẳion… ơn the ẳeảond eẸẰerië
ậent the iẸation Ằointẳ were Ằoẳitioned in theworẬdě
and their Ằoẳition ẵẰdated everẹ Ầraậe ẳo theẹ were
aẬwaẹẳ at a iẸed diẳtanảe ahead oẦ the oẢẳerver… ĩdë
ditionaẬẬẹě Ảeing Ằoẳitioned in the worẬd theẹ ảreated
a gaẺe angẬe that ảoẵẬd Ảe redẵảed iẦ the ẰartiảiẰant
ẳteered towardẳ theậ čẳee ∂oẵntoẵriotiẳ et aẬ…ě 2012ğ
̉oẢertẳhaw å ûiẬkieě 2008ç… hiẳ ậeanẳ that Ằarë
tiảiẰantẳ ảoẵẬd ảẬoẳe down the angẬe Ảetween their
ậidëẬine and gaẺe direảtion… heẳe iẸation Ằointẳ
have ẳiậiẬar ẰroẰertieẳ to road ẳignẳě in that driverẳ
ảan redẵảe their gaẺe angẬe Ảẹ ẳteering towardẳ theậ
čaẬthoẵgh ẵnẬike reaẬ ẳignẳ theẳe iẸation Ằointẳ were
aẬwaẹẳ keẰt a ẳet diẳtanảe awaẹ and were aẬwaẹẳ Ằerë
ẰendiảẵẬar to the oẢẳerver to enẳẵre ảẬear and ảonë
ẳiẳtent viẳiẢiẬitẹ oẦ the ẳignç…

ơn ńẸẰeriậent 2 we aẬẳo deảided to eậẰẬoẹ an adë
ditionaẬ taẳk: ẰartiảiẰantẳ Ậooked at the ẳaậe iẸation
Ằointẳě Ảẵt were aẳked to evaẬẵate aẵditorẹ inẦorậaë
tion rather than viẳẵaẬ inẦorậation č‘∑oẵnd’ taẳkç…
he ẦorậoẦ the taẳkwaẳ ẳiậiẬar to the viẳẵaẬ taẳk: Ằarë
tiảiẰantẳ heard two ẳoẵndẳ oẦ diferent Ầreằẵenảieẳ
and ater triaẬẳ iniẳhed theẹ had to indiảate whether
the ẳeảond ẳoẵnd had a Ậower or higher Ầreằẵenảẹ
than the irẳt čẵẳing Ậet or right Ảẵtton Ằreẳẳeẳç… he
rationaẬe Ầor ẵẳing thiẳ taẳk waẳ that the řẵậẢer
and ĩrrow taẳkẳ ẳhoẵẬd draw attention to the iẸaë
tion Ằointě Ảẵt the ∑oẵnd taẳk ẳhoẵẬd not… hereẦoreě
aảảording to the ţňśþ theorẹě no narrowing oẦ the
viẳẵaẬ ieẬd ẳhoẵẬd Ảe oẢẳerved in the ∑oẵnd taẳkě
whiảh woẵẬd ậake ẰartiảiẰantẳ Ậeẳẳ ẬikeẬẹ to eẸhiẢit
Ậarge ẳteering Ảiaẳeẳ towardẳ the Ằoint oẦ iẸation…
ơn order to aảảoậậodate iẸationẳ Ậoảated at the

ảentre oẦ the roadě the road width waẳ inảreaẳed Ảẹ
1 ậ č4 ậ wideě ảoậẰared to 3 ậ wide in ńẸẰerië
ậent 1ç… hiẳ inảreaẳe in road width ẳhoẵẬd aẬẬow Ầor
higher ̉ŕ∑ŋẳteering variaẢiẬitẹ errorẳě whiảh ảoẵẬd
diferentiate Ảetween the diferent ảognitive taẳkẳ
čẳoậething ńẸẰeriậent 1 did not ẳhow and ảoẵẬd
have Ảeen dẵe to the reẬativeẬẹ narrow roadẳ ẵẳedç…

Methods

Participants

ťweẬve ẰartiảiẰantẳ took Ằart in thiẳ ẳtẵdẹ čẳiẸ Ầeë
ậaẬeẳç with a ậean age oẦ 20…5 ± 0…79 ẹearẳ… ťen
ẰartiảiẰantẳ heẬd a vaẬid driving Ậiảenẳe at the tiậe
oẦ teẳting… he two nonëdriverẳ did not ẰerẦorậ diẦë
ẦerentẬẹ Ầroậ the driverẳ2… ĩẬẬ oẦ the ẰartiảiẰantẳ
were naïve to the ẰẵrẰoẳe oẦ the eẸẰeriậent…

Apparatus

he ẳaậe aẰẰaratẵẳ waẳ ẵẳed aẳ in ńẸẰeriậent 1…

Visual Stimuli

he ẳaậe Ảendẳ aẳ ńẸẰeriậent 1 were ẵẳedě with the
onẬẹ diferenảe Ảeing that the roadẳ were 4 ậ wide
činẳtead oẦ 3 ậ wide in ńẸẰeriậent 1ç in order to
aảảoậậodate Ầor the diferent iẸation Ằointẳ ẵẳed
here…

2ûe reëran aẬẬ anaẬẹẳeẳ eẸảẬẵding the ẰartiảiẰantẳ withoẵt
a driving Ậiảenảeě Ảẵt thiẳ had no efeảt on the Ằattern oẦ the
ẳtatiẳtiảaẬ reẳẵẬtẳ…
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he iẸationẳ uẳed in thiẳ eẸperiment had diferent
propertieẳ compared to the iẸationẳ uẳed in the preë
viouẳ eẸperiment. hree iẸation pointẳ ặere uẳedě
one in the centre oẦ the road approẸimatelẹ 16.1 m
ahead oẦ the participantě and tặo either ẳide oẦ the
roadě 2 m outẳide either road edầe. heẳe iẸation
pointẳ ặere not iẸed on the ầroundě inẳtead their
poẳition ặaẳ updated on everẹ Ầrame ẳo theẹ mainë
tained the ẳame diẳtance in Ầront oẦ the driver. Howë
everě theẹwere aẬẳo Ậinked to theworẬd ẳo iẦ the driver
ẳteered towardẳ the iẸation Ằoint the angẬe oẦ gaẺe
woẵẬd redẵảe…

Cognitive Tasks

hree ảognitive taẳkẳ were ẵẳed in thiẳ eẸẰeriậentě
the ĩrrow and řẵậẢer taẳkẳ Ầroậ ńẸẰeriậent 1ě
and an additionaẬ aẵditorẹ taẳk č∑oẵnd taẳkç… hiẳ
taẳk waẳ added in order to eẸaậine whether ẳteering
ảontroẬ iẳ afeảted Ảẹ a ảognitive taẳk that doeẳ not
reằẵire anẹ viẳẵaẬ Ằroảeẳẳing… ĩ ẳiậẰẬe iẸation ảroẳẳ
waẳ ẵẳed to ảontroẬ the Ậoảation oẦ ẰartiảiẰantẳ’ gaẺe
throẵghoẵt the ∑oẵnd taẳkě ẳiậiẬar to the other taẳkẳ…
šartiảiẰantẳ heard two toneẳ Ằreẳented ẳeằẵentiaẬẬẹ
at diferent Ầreằẵenảieẳ čeight toneẳ were ẵẳed rangë
ing Ầroậ 240 HẺ to 590 HẺ in 50 HẺ inảreậentẳç…
ĩt the end oẦ the triaẬ ẰartiảiẰantẳ indiảated iẦ the
ẳeảond ẳoẵnd had a higher or Ậower Ầreằẵenảẹ than
the irẳt… šartiảiẰantẳ reẳẰonded in the ẳaậe waẹ aẳ
in the řẵậẢer taẳk Ảẹ Ằreẳẳing the right ẰaddẬe Ầor
‘higher’ and the Ậet ẰaddẬe Ầor ‘Ậower’… he tiậingẳ
oẦ the ∑oẵnd taẳk were identiảaẬ to the ĩrrow and
řẵậẢer taẳkẳ čẳee ňigẵre 2ç with eaảh ẳoẵnd Ậaẳting
Ầor 1 ẳ…

ĩẳ with ńẸẰeriậent 1ě a ẢẬoảked deẳign waẳ ẵẳed…
ňirẳtě ẰartiảiẰantẳ ảoậẰẬeted the ảontroẬ ảonditionẳ
č6 triaẬẳ oẦ 3 iẸationẳç čřo ťaẳk 1 ẢẬoảkç… hen in
the ẳeảond ẢẬoảk the three ảognitive taẳkẳ were ranë
doậẬẹ interẬeaved č6 triaẬẳ oẦ 3 iẸationẳ× 3 taẳkẳç… ňië
naẬẬẹě theẹ reẰeated a ảontroẬ ẢẬoảk with no ảognitive
taẳk č6 triaẬẳ oẦ 3 iẸationẳç čřo ťaẳk 2ç… ľonditionẳ
within eaảh ẢẬoảk were aẬwaẹẳ randoậiẳed and haẬẦ
oẦ the 6 triaẬẳ oẦ everẹ ảondition were right Ảendẳ
and haẬẦ oẦ theậ Ậet Ảendẳ…

∑inảe ẰartiảiẰantẳ had to wait ẵntiẬ the end oẦ eaảh
triaẬ to reẳẰond to the taẳkẳě it iẳ not ẵẳeẦẵẬ to ậeaë
ẳẵre reaảtion tiậeẳ Ầor theẳe taẳkẳ… hereẦore a ẰiẬot
ẳtẵdẹwaẳ ảondẵảted ẵẳing theẳe taẳkẳ čwith the ẳaậe
tiậingẳ aẳ in the aảtẵaẬ eẸẰeriậentẳç Ảẵt withoẵt anẹ

ẳteering… ťen ẰartiảiẰantẳ čậean age î 21…6 ẹearẳç
ẳat in the driving ẳiậẵẬator and were Ằreẳented with
eight triaẬẳ oẦ eaảh oẦ the three ảognitive taẳkẳ… šarë
tiảiẰantẳ were aẳked to reẳẰond aẳ ằẵiảkẬẹ and aảảẵë
rateẬẹ aẳ ẰoẳẳiẢẬe at the onẳet oẦ the ẳeảond ẳtiậẵẬẵẳ…
he reaảtion tiậeẳ and Ằerảent ảorreảt reẳẵẬtẳ are
ẳhown in ťaẢẬe 1… ťwo reẰeatedëậeaẳẵreẳ ĩřśþĩẳ
were ảondẵảtedě one Ầor reaảtion tiậeẳ and one Ầor
aảảẵraảẹ… ĩ ẳigniiảant ậain efeảt waẳ Ầoẵnd on reë
aảtion tiậeẳě F(2ě 18) ≙ 4…99ě p ≙ …019ě η2p ≙ …36ě Ảẵt
no ẳigniiảant diferenảeẳ were Ầoẵnd on the aảảẵraảẹ
ẳảoreẳě F(2ě 18) ≙ 1…56ě p ≙ …237… šairwiẳe ảoậẰarë
iẳonẳ with L∑ł adẪẵẳtậent ẳhowed that ẰartiảiẰantẳ
were ẳigniiảantẬẹ ẳẬower in the ĩrrow taẳk ảoậẰared
to the řẵậẢer taẳk čp ≙ …026çğ no other diferenảeẳ
were Ầoẵnd… he reẳẵẬtẳ indiảate that aẬthoẵgh Ằarë
tiảiẰantẳ took ậore tiậe to ậake a Ẫẵdgeậent on
the reẬative direảtionẳ oẦ the arrowẳ in the ĩrrow
taẳkě the three taẳkẳ gave ẳiậiẬar reẳẵẬtẳ in terậẳ oẦ
aảảẵraảẹ…

Table 1 ŕean and ∑tandard łeviation oẦ ̉eaảtion ťiậeẳ
and ĩảảẵraảẹ ẳảoreẳ Ầor the three ảognitive taẳkẳ withoẵt
ẳteering…

̉eaảtion ťiậeẳ čẳç ĩảảẵraảẹ čąç
ὸ̄ SD ὸ̄ SD

řẵậẢer 0…69 0…14 94…17 10…43
ĩrrow 1…01 0…47 90…00 8…61
∑oẵnd 0…82 0…30 95…00 9…96

Results and Discussion

Cognitive Task Performance

šerẦorậanảe in the three ảognitive taẳkẳ dẵring the
ẳteering ẳtẵdẹ waẳ aẳẳeẳẳed ẵẳing aảảẵraảẹ ẳảoreẳ
či…e…ě the Ằerảentage oẦ ảorreảt reẳẰonẳeẳç… he aảảẵë
raảẹ ẳảoreẳ were anaẬẹẳed ẵẳing a reẰeatedëậeaẳẵreẳ
ĩřśþĩ with three ẬeveẬẳ… řo ẳigniiảant diferë
enảe waẳ Ầoẵnd Ảetween taẳkẳ in terậẳ oẦ aảảẵraảẹě
F(2ě 22) ≙ 0…68ě p ≙ …516ě ảonẳiẳtent with the reẳẵẬtẳ
oẢtained withoẵt ẳteering čẳee ťaẢẬe 1ç… ĩẬthoẵgh
it aẰẰearẳ that aảảẵraảẹ ẳảoreẳ were Ậower in ńẸẰerë
iậent 2 ảoậẰared to the reẳẵẬtẳ with no ẳteering
čřẵậẢer: ậean î 80…09ąě ∑ł î 26…95ğ ĩrrow: ậean
î 73…61ąě ∑ł î 26…50ğ ∑oẵnd: ậean î 75…46ąě ∑ł
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î 25.34ç thiẳ ặaẳ larầelẹ driven bẹ Ầour participantẳ
maẫinầ incorrect reẳponẳe in approẸimatelẹ halẦ oẦ
the trialẳ. ûe reëran all oẦ the Ầolloặinầ analẹẳeẳ
ặithout theẳe participantẳ and the patternẳ remained
larầelẹ unafected.

Steering Bias

ĩ 3 čiẸation pointẳk ơnẳideě ľentreě śutẳideç bẹ 5
čtaẳẫ conditionẳk řo Taẳẫ 1ě ĩrroặě ∑oundě řumë
berě řo Taẳẫ 2ç repeatedëmeaẳureẳ ĩřśþĩ ặaẳ conë
ducted on the ẳteerinầ biaẳ valueẳ. here ặaẳ a ẳiầë
niicant main efect oẦ ňiẸationě F(2ě 22) ≙ 11.29ě p <
.001ě η2p ≙ .51ě ặith participantẳ ẳteerinầ toặardẳ
their point oẦ ầaẺe čẳee ňiầure 7aç. here ặaẳ alẳo a
main efect oẦ Taẳẫě F(4ě 44) ≙ 3.10ě p ≙ .025ě η2p ≙
.22ě ẳhoặn in ňiầure 7b ặith a ầeneral pattern oẦ
overẳteer či.e.ě ẳteerinầ toặardẳ the inẳide road edầeç.
here ặaẳ no ẳiầniicant interaction betặeen ňiẸaë
tion and Taẳẫě F(8ě 88) ≙ .81ě p ≙ .593.
he main efect oẦ ňiẸation on ẳteerinầ biaẳ ặaẳ

eẸamined uẳinầ planned contraẳtẳ. ĩ ẳiầniicant diẦë
Ầerence ặaẳ Ầound betặeen the śutẳide and ľentral
iẸationẳě F(1ě 11) ≙ 15.54ě p ≙ .002ě but no ẳiầniië
cant diference ặaẳ Ầound betặeen the ľentral and
ơnẳide iẸationẳě F(1ě 11) ≙ 0.78ě p ≙ .397. hiẳ patë
tern iẳ ẳimilar to the ẳteerinầ behaviour eẸhibited in
Kountouriotiẳ et al. č2012çě and can be eẸplained bẹ
the tendencẹ oẦ driverẳ to overẳteer ặhen neầotiatë
inầ bendẳ čaẳ obẳerved in ûilẫie et al.ě 2010ğ ̉aặě
Kountouriotiẳě ŕonëûilliamẳě å ûilẫieě 2012ç.
he ẳiầniicant main efect oẦ Taẳẫ čňiầure 7bç

ặaẳ analẹẳed uẳinầ pairặiẳe compariẳonẳ ặith ∑idaẫ
correction. he onlẹ ẳiầniicant diference ặaẳ beë
tặeen the řo Taẳẫ 1 and ∑ound conditionẳě p ≙
.047. ĩcroẳẳ all iẸation conditionẳě participantẳ overë
ẳteered more in the ∑ound condition compared to
the řo Taẳẫ 1 condition ặhere theẹ ẳtaẹ cloẳer to the
centre oẦ the road.

he Ầact that no ẳiầniicant interaction ặaẳ Ầound
betặeen Taẳẫ and ňiẸation conditionẳ indicateẳ that
ầaẺe had a ẳimilar efect acroẳẳ the Taẳẫ conditionẳ.
hiẳ doeẳ not match the predictionẳ oẦ attention
load modelẳ oẦ coầnition. here appearẳ to be no
‘tunnellinầ efect’ čreduced ţňśþç in thiẳ eẸperië
ment. Howeverě in order to draw anẹ irậ ảonảẬẵë
ẳionẳ on the efeảt oẦ the ảognitive taẳkẳ on ẳteerë
ing theẳe reẳẵẬtẳ have to Ảe eẸaậined aẬong with
other ẳteering ậetriảẳě naậeẬẹ ̉ŕ∑ ẳteering error

and ẳteering reverẳaẬẳ…

RMS Steering Error

ĩ 3 čiẸation Ằointẳç Ảẹ 5 čtaẳk ảonditionẳç reẰeatedë
ậeaẳẵreẳ ĩřśþĩ waẳ ảondẵảted Ầor the ̉ŕ∑ ẳteerë
ing error… here waẳ no ẳigniiảant ậain efeảt oẦ
ňiẸationě F(2ě 22) ≙ 2…52ě p ≙ …103ě no ẳigniiảant
ậain efeảt oẦ ťaẳkě F(2…22ě 24…43) ≙ 0…926ě p ≙ …458ě
and no ẳigniiảant interaảtion Ảetween ňiẸation and
ťaẳk ảonditionẳě F(8ě 88) ≙ 1…73ě p ≙ …103…

heẳe indingẳ are in ảontraẳt to ńẸẰeriậent 1ě
where in the ĩrrow and řẵậẢer ảonditionẳ Ằartiảië
Ằantẳ had Ậower ̉ŕ∑ errorẳ ảoậẰared to theřoťaẳk
ảonditionẳ… he diferenảeẳ Ảetween the two eẸẰerië
ậentẳ were the inảẬẵẳion oẦ an aẵditorẹ taẳk in ńẸẰerë
iậent 2ě the wider roadě and the diferent ẰroẰertieẳ
oẦ the iẸation Ằointẳ… here iẳ no reaẳon to aẳẳẵậe
that inảẬẵding a third taẳk woẵẬd Ậower ẰartiảiẰantẳ’
̉ŕ∑ errorẳ in the other two taẳkẳ… he wider road
ẵẳed ẳhoẵẬd in theorẹ inảreaẳe ̉ŕ∑ errorẳ overaẬẬ
čẢeảaẵẳe roadëedgeẳ are ậoved Ầẵrther into ẰeriẰhë
eraẬ viẳioně ẳee ̉oẢertẳhaw å ûiẬkieě 2008ğ ∂oẵnë
toẵriotiẳ et aẬ…ě 2012çě Ảẵt aẬẳo it ẳhoẵẬd aẬẬow Ầor
ậore variation in ̉ŕ∑ errorẳ and thẵẳ aảảentẵate
anẹ diferenảeẳ Ảetween taẳk ảonditionẳ that ảoẵẬd
have Ảeen ậiẳẳed in narrower roadẳ… ơnẳteadě we
ẢeẬieve that redẵảed errorẳ ậaẹ Ảe dẵe to the natẵre
oẦ gaẺe iẸation in thiẳ taẳk… he iẸationẳ ẵẳed in
thiẳ eẸẰeriậent Ảiaẳed ẳteering traẪeảtorieẳ towardẳ
the direảtion oẦ ẰartiảiẰantẳ’ gaẺeě and that redẵảed
the gaẺe angẬe ofẳet… ûhen the iẸationẳ are ẳet at a
ảonẳtant ofẳet angẬe Ầroậ the ẰartiảiẰantẳ čẬike in
ńẸẰeriậent 1çě the gaẺe angẬe iẳ never redẵảed… ơẦ Ằarë
tiảiẰantẳ ẳteer in the direảtion oẦ gaẺe the ofẳet gaẺe
angẬe doeẳ not ảẬoẳe downě and the ậore theẹ ẳteer
towardẳ the iẸation Ằointě the ậore thiẳ traẪeảtorẹ
ậoveẳ awaẹ Ầroậ the ảentre oẦ the road… hereẦoreě
driverẳ ẳeeậed to deveẬoẰ a ẳtrategẹ čdeẳảriẢed in ńẸë
Ằeriậent 1ç to ậitigate the adverẳe efeảtẳ oẦ ẳteering
indeiniteẬẹ towardẳ their iẸation Ằoint… hiẳ ẳtratë
egẹ iẳ ẰotentiaẬẬẹ the reaẳon whẹ there iẳ a diferenảe
in ̉ŕ∑ ẳteering error Ảetween the ťaẳk ảonditionẳ
in ńẸẰeriậent 1…

Steering Reversals

ñiven the ẳtrong Ậink Ảetween ̉ŕ∑ ẳteering error
and ẳteering wheeẬ reverẳaẬẳ oẢẳerved in ńẸẰerië
ậent 1ě no diferenảeẳ are eẸẰeảted in the nẵậẢer oẦ
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Figure 7 ∑teerinầ ĺiaẳ reẳultẳ Ầor ἑẸperiment 2. šoẳitive valueẳ indicate overẳteer traẪectorieẳ that cut cloẳer to the

inẳide oẦ the bend than the middle oẦ the road. čaç he main efect oẦ iẸation collapẳed acroẳẳ Taẳẫ conditionẳě ặherebẹ

participantẳ ẳteer more toặardẳ the inẳide oẦ the bendě ặhen the iẸation point iẳ poẳitioned beẹond the inẳide edầe oẦ

the road. čbç he main efect oẦ Taẳẫ collapẳed acroẳẳ iẸation conditionẳ. šarticipantẳ overẳteer more in the ∑ound taẳẫ

compared to řo Taẳẫ 1. ἑrror barẳ î Sἑἣ.

reverẳalẳ in the diferent taẳẫ conditionẳě ẳimilar to
the nonëẳiầniicant indinầẳ in ̉ŕ∑ ẳteerinầ error in
thiẳ eẸperiment. ơndeedě the 5ëlevel čřo Taẳẫ 1ě ĩrë
roặě řumberě ∑oundě řo Taẳẫ 2ç repeatedëmeaẳureẳ
ĩřśþĩ uẳed to analẹẳe the ẳteerinầ reverẳalẳ in
thiẳ eẸperiment ẳhoặed no ẳiầniicant efect oẦ Taẳẫě
F(1.90ě 20.99) ≙ 0.54ě p ≙ .707. ơn Ầactě participantẳ
made almoẳt no ẳteerinầ reverẳalẳ aẳ deined in the
previouẳ eẸperimentk the averaầe reverẳalẳ čacroẳẳ
3 iẸationẳě 6 trialẳ eachç Ầor řo Taẳẫ 1 ặaẳ 0.02ě Ầor
řumber 0.03ě Ầor ĩrroặ 0.03ě Ầor ∑ound 0.04ě and Ầor
řo Taẳẫ 2 0.02. ơn ἑẸperiment 1ě the loặeẳt number
oẦ reverẳalẳ ặaẳ 0.30 in the ĩrroặ condition čẳee ňiầë
ure 6ç.hiẳ lacẫ oẦ ẳteerinầ reverẳalẳ iẳ probablẹ due
to the diferent iẸation pointẳ uẳed hereě aẳ diẳcuẳẳed
above.
ĺẹ uẳinầ ofẳet iẸationẳ ặhere the driver could

reduce the ofẳet oẦ the ầaẺe anầle – bẹ ẳteerinầ cloẳer
to the iẸation point – the ẳteerinầ taẳẫ ẳeemẳ to have
been eaẳier compared to ἑẸperiment 1 ặhere the ofë
ẳet ầaẺe anầle could never be reduced. hiẳ could be
the reaẳon Ầor the lacẫ oẦ an efect oẦ concurrent taẳẫẳ
in ἑẸperiment 2. heẳe reẳultẳ indicate that looẫinầ
on a point in the ặorld čand not on an inëvehicle
inẦormation ẳẹẳtemç maẹ reẳult in better ẳteerinầ.

General Discussion

śur reẳearch eẸamined the efectẳ oẦ a number oẦ
coầnitive taẳẫẳ on ẳteerinầ. ţnliẫe previouẳ ặorẫě

ặe recorded ẳteerinầ alonầ a ẳet oẦ bendinầ roadë
ặaẹẳ ặhen ầaẺe direction ặaẳ controlled in taẳẫ and
noëtaẳẫ conditionẳ. ûhen ‘road ẳiần’ iẸationẳ ặere
uẳed čiẸed poẳition relative to the roadç participantẳ
ẳteered toặardẳ the direction oẦ their ầaẺeě a indë
inầ in line ặith the ĩctive GaẺe model oẦ ẳteerinầ
čûilẫie et al.ě 2008ç. ûhen a coầnitive load ặaẳ
added the biaẳ toặardẳ the iẸation point did not inë
creaẳeğ hiầher biaẳ toặardẳ the point oẦ ầaẺeặould inë
dicate that other ẳourceẳ oẦ viẳual inẦormation čẳuch
aẳ roadëedầeẳ or retinal loặç are beinầ ặeiầhted leẳẳ
čKountouriotiẳ et al.ě 2012ğ ûilẫie å ûanně 2003ç. ơt
appearẳ that the overall proceẳẳinầ oẦ the ẳcene did
not alter ặith the addition oẦ coầnitive load ẳince
participantẳ ặere larầelẹ unafected bẹ the diferent
coầnitive taẳẫ conditionẳ in termẳ oẦ ẳteerinầ biaẳ
aẳ ặell aẳ ẳteerinầ variabilitẹ. Howeverě when ơþơ∑
iẸationẳ were ẵẳed čiẸed Ằoẳition reẬative to the veë
hiảẬeçě ẰartiảiẰantẳ had Ậower ̉ŕ∑ ẳteering error
ẵnder the ảognitive Ậoad ảonditionẳ… hiẳ ẳeeậẳ to
indiảate that the direảtion oẦ gaẺe ảan interaảt with
ảognitive Ậoad and inlẵenảe the reẳoẵrảeẳ avaiẬaẢẬe
to ẳteer… śẵr iẸation Ằointẳ in ńẸẰeriậent 1 reẳeậë
ẢẬed ơþơ∑ diẳẰẬaẹẳě Ảẵt ẳiậiẬar ẰroẰertieẳ ảan Ảe ẳeen
in headëẵẰ diẳẰẬaẹẳ čHţłẳç in terậẳ oẦ the ảonẳtant
angẬe to the driver regardẬeẳẳ oẦ the traẪeảtorẹ theẹ
take… śne ảrẵảiaẬ diferenảe iẳ that Hţłẳ ảan diẳë
ẰẬaẹ inẦorậation in Ầront oẦ the driver rather than
reằẵiring theậ to tẵrn their head towardẳ an ơþơ∑
whiảh iẳ ẰreẦeraẢẬe ẳinảe it doeẳ not take gaẺe awaẹ
Ầroậ the ẳảene and ẰotentiaẬ haẺardẳ… śne ẰoẳẳiẢẬe
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limitation oẦ thiẳ method oẦ diẳplaẹinầ inẦormation
iẳ that durinầ bend neầotiation a Hţł woẵẬd direảt
gaẺe towardẳ the direảtion oẦ inẳtantaneoẵẳ heading
rather than the driverẳ’ Ầẵtẵre Ằath… ơt iẳ not ẳaẦe
to aẳẳẵậe that ẳẵảh ẳhitẳ in gaẺe are ẳaẦeě and Ầẵrë
ther eẸẰeriậentẳ are needed in order to ảẬariẦẹ anẹ
detriậentẳŋiậẰroveậentẳ in driving Ảehavioẵr aẳë
ẳoảiated with Hţłẳ…
ơt ẳhoẵẬd Ảe highẬighted that it iẳ ảẵrrentẬẹ ẵnë

ảẬear whẹ ̉ŕ∑ error and ẳteering reverẳaẬẳ deảreaẳe
when a ảognitive Ậoad iẳ added to the ẳteering taẳk…
ŕaảdonaẬd and Hofậann č1980ç atteậẰted to eẸë
ẰẬain the negative reẬationẳhiẰ Ảetween ảonảẵrrent
taẳk diiảẵẬtẹ and reverẳaẬ rateẳ in terậẳ oẦ Ằartiảië
Ằantẳ reậoving attention Ầroậ the ẳteering taẳk… ơẦ
ẰartiảiẰantẳ ẦaiẬ to attend the ẳteering taẳk then Ầewer
ảorreảtive ẳteering adẪẵẳtậentẳ woẵẬd Ảe ậade čand
ẳo Ầewer reverẳaẬẳç… ơn Ậine with thiẳě őaậẳon and
ŕerat č2005ç Ầoẵnd that aẳ the deậandẳ oẦ a ảonë
ảẵrrent aẵditorẹ taẳk inảreaẳedě Ậane variation ča
ậeaẳẵre ẳiậiẬar to ̉ŕ∑ errorç deảreaẳed… ơt ẳhoẵẬd
Ảe noted that Ậane variation aảtẵaẬẬẹ inảreaẳed dẵrë
ing their ‘viẳẵaẬ taẳk’ě Ảẵt thiẳ ậaẹ have ẳiậẰẬẹ Ảeen
ảaẵẳed Ảẹ head and eẹe ậoveậentẳ ẳaậẰẬing inẦorë
ậation Ầroậ the ẳảreen Ằreẳenting the viẳẵaẬ taẳk
čthe diẳẰẬaẹ waẳ ẰẬaảed in the ảar in Ầront oẦ the radio
ảontroẬ ẰaneẬẳç… ŕedeiroẳëûard et aẬ… č2014ç argẵe
that the redẵảtion in ẳteering variaẢiẬitẹ ẵnder ảonë
ditionẳ oẦ ảognitive Ậoad iẳ dẵe to Ằoẳitive efeảtẳ on
ẰerẦorậanảe oẦ highẬẹëaẵtoậated taẳkẳ that do not
reằẵire čand in Ầaảt wiẬẬ Ảe iậẰaired Ảẹç attention…

śne diiảẵẬtẹ with interẰreting a Ậow reverẳaẬ rate
iẳ that thiẳ ậeaẳẵre ậereẬẹ releảtẳ Ầew ẳteering adë
Ẫẵẳtậentẳ… ơn ẳoậe ảaẳeẳ thiẳ ảoẵẬd Ảe Ảeảaẵẳe oẦ a
Ậaảk oẦ reẳẰonẳe to ẳteering errorẳě Ảẵt it ảoẵẬd aẬẳo
Ảe Ảeảaẵẳe there iẳ ẳiậẰẬẹ no need toậake a ẳteering
adẪẵẳtậent či…e… ẳteering ẰerẦorậanảe iẳ not errorẦẵẬ
in the irẳt ẰẬaảeç… ťo trẹ to addreẳẳ thiẳ in oẵr eẸẰerië
ậent reverẳaẬẳ were deined aẳ Ằeakẳ in the oẰẰoẳite
direảtion oẦ the reằẵired ẳteering reẳẰonẳeğ in the
Ậiteratẵreě howeverě reverẳaẬẳ ảan Ảe deined aẳ Ằeakẳ
in any direảtion3… ûithoẵt ảoậẰaring traẪeảtorieẳ
with the oẰtiậaẬ ẳteering Ậine it ảan Ảe diiảẵẬt to
draw irậ ảonảẬẵẳionẳ Ầroậ ẳteering reverẳaẬẳ… ơn the
Ằreẳent eẸẰeriậentẳě ẰartiảiẰantẳ were inẳtrẵảted to

3ûhen reverẳaẬẳ are deined in thiẳ waẹě it iẳ verẹ hard to
diẳtingẵiẳh Ảetween genẵine reverẳaẬẳ whiảh adẪẵẳt the ẳteering
ảoẵrẳe and variaẢiẬitẹ in the ẳteering reẳẰonẳe orě indeedě Ầroậ
ẳiậẰẬẹ ẵnwanted noiẳe…

ẳtaẹ in the ảentre oẦ the road in order to Ảe aẢẬe to
eẸtraảt a ẵẳeẦẵẬ ậeaẳẵre oẦ ẳteering error and Ảiaẳ…
∑teering Ảiaẳ ẳhowẳ that traẪeảtorieẳ were inlẵenảed
Ảẹ the Ằoint oẦ gaẺe… ûe aẬẳo Ầoẵnd that the ẳteerë
ing ẳẹẳteậ iẳ ẳẵiảientẬẹ leẸiẢẬe that ẰartiảiẰantẳ
ảan Ậearn to ẳteer awaẹ Ầroậ the direảtion oẦ iẸation
in order to Ảring viẳẵaẬ inẦorậation aẢoẵt the road
towardẳ ảentraẬ viẳion…
ơn ńẸẰeriậent 1ě the efeảt oẦ the two taẳkẳ on

ẳteering ẰerẦorậanảe waẳ ẳiậiẬar… heẳe reẳẵẬtẳ are
in ảontraẳt to thoẳe oẦ other ẳtẵdieẳ če…g…ě ńngẳtröậ
et aẬ…ě 2005ğ őaậẳon å ŕeratě 2005ç where ẳteering
ẰerẦorậanảe waẳ diferentiaẬẬẹ afeảted Ảẹ viẳẵaẬ and
ảognitive Ậoad… śne eẸẰẬanation Ầor thiẳ ảontradiảë
tion ậaẹ Ảe the diferenảeẳ in gaẺe Ằatternẳ aảroẳẳ
eẸẰeriậentẳ… ơn Ằrevioẵẳ work the viẳẵaẬ taẳkẳ reë
ằẵired gaẺe to Ảe direảted to a ẳeẰarate diẳẰẬaẹ and
awaẹ Ầroậ the road… ơn ảontraẳt the Ằreẳent eẸẰerië
ậentẳ ảontroẬẬed gaẺe direảtion and we oẢẳerved no
diferenảeẳ in ẳteering ẰerẦorậanảe Ảetween diferë
ent taẳk ảonditionẳ… ňẵtẵre ẳtẵdieẳ in the area ẳhoẵẬd
take into aảảoẵnt that diferenảeẳ in eẹeëậoveậentẳ
Ảetween ảognitive and viẳẵaẬ taẳk ảonditionẳ ậight
ậediate anẹ diferenảeẳ oẢẳerved in ẳteering ẰerẦorë
ậanảe…

ơn ńẸẰeriậent 2 ofẳet iẸationẳ ẳẹẳteậatiảaẬẬẹ Ảië
aẳed ẳteeringě Ảẵt the Ảiaẳeẳ were not ậediated Ảẹ
ảognitive Ậoadğ thiẳ inding ẳẵggeẳtẳ that there waẳn’t
narrowing oẦ the ţňoþ…he iẸationẳ ẵẳed in ńẸẰerë
iậent 2 Ảiaẳed ẰartiảiẰantẳ towardẳ the direảtion
oẦ their gaẺeě whiảh in tẵrn redẵảed the angẬe oẦ
gaẺe… ûhen the iẸationẳ were ẳet at a ảonẳtant eảë
ảentriảitẹ reẬative to the driver čńẸẰeriậent 1çě the
angẬe ảoẵẬd not Ảe redẵảed… ĩẳ ẳẵảhě it ảoẵẬd Ảe
argẵed that the ẳteering taẳk in ńẸẰeriậent 1 waẳ
generaẬẬẹ ậore ảhaẬẬenging than in ńẸẰeriậent 2
and thiẳ ảoẵẬd aảảoẵnt Ầor diferenảeẳ in the efeảt
oẦ ảognitive taẳkẳ on ẳteering… he diferenảeẳ in the
iẸation Ằoint ẰroẰertieẳ ậaẰ direảtẬẹ to reaẬëworẬd
eẸaậẰẬeẳ: inẦorậation ảan Ảe Ằreẳented inẳide veë
hiảẬeẳ čẦor eẸaậẰẬe in inëvehiảẬe diẳẰẬaẹẳçě in whiảh
ảaẳe the driver ảannot ảẬoẳe down gaẺe angẬeě or oẵtë
ẳide oẦ vehiảẬeẳě Ầor eẸaậẰẬe roadëẳignẳě where gaẺe
angẬe iẳ not ảonẳtant… śẵr data ẳẵggeẳt that inẦorậaë
tion Ằreẳented on road ẳignẳ ậaẹ interẦere Ậeẳẳ with
ẳteeringě ẰartiảẵẬarẬẹ iẦ Ằoẳitioned in the direảtion
ẹoẵ wiẳh to traveẬ… here are additionaẬ good reaẳonẳ
whẹ Ậooking awaẹ Ầroậ ẹoẵr Ầẵtẵre Ằath whiẬe drivë
ing Ầorậore than a Ầew ẳeảondẳ Ằoẳeẳ inảreaẳed riẳkẳ
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in driver ẳaẦetẹ. ňor eẸampleě ∏ianầě ∏eeě andHorreẹ
č2014ç in a Ậarge natẵraẬiẳtiả driving ẳtẵdẹ Ầoẵnd that
driverẳ Ậooked awaẹ ậore Ầroậ their Ầẵtẵre Ằath in
the ẳeảondẳ Ằreảeding a ảraẳh or a near ậiẳẳ… heẹ
argẵed that Ậooking awaẹ Ầroậ ẹoẵr Ầẵtẵre Ằath Ầor
ậore than 1…7 ẳeảondẳ Ằoẳeẳ a riẳk haẺard čLiang et
aẬ…ě 2014ç…

ơn ảonảẬẵẳioně we have ẳhown that gaẺe direảtion
iẳ a ảritiảaẬẬẹ iậẰortant Ầaảtor in ẳẵảảeẳẳẦẵẬ ẳteering
ảontroẬ… ľonảẵrrent ảognitive taẳkẳ ảan have an eẦë
Ầeảt on ẳteering aroẵnd Ảendẳě Ảẵt thiẳ iẳ deẰendent
on the deậandẳ ẰẬaảed ẵẰon gaẺe and ẳteering… ûe
Ầoẵnd no diferenảeẳ in ẳteering ẰerẦorậanảe aảroẳẳ
diferent ảognitive taẳkẳě ẰreẳẵậaẢẬẹ Ảeảaẵẳe we ảonë
troẬẬed Ầor the direảtion oẦ ẰartiảiẰantẳ’ gaẺe… ĩddië
tionaẬẬẹě we have ẳhown that gaẺe direảtion towardẳ
a Ằoint ẳiậiẬar to an inëvehiảẬe inẦorậation ẳẹẳteậ
ậakeẳ driverẳ ậore ẳẵẳảeẰtiẢẬe to ảognitive interẦerë
enảe aẳ ậeaẳẵred Ảẹ redẵảed ̉ŕ∑ error rateẳ…
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