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The effects of stroke on driving: homonymous visual

field loss

ŕ… ∑ậithě C… ł… ŕoleě ñ… ∂… ∂ountouriotisě C… Chisholậě
B… Bhaẫtaě å ̉… ŕ… ûilẫie∗

∗Correspondence to: Dr Richard Wilkie – ̉…ŕ…ûilẫie∞leeds…ac…uẫ, Institute of Psychological Sciences, he ţniẶersity of
∏eeds, ∏eeds, ∏S2 9őť

his suẢậission ặill appear in the ‘DriẶing and coậậunity ậoẢility’ special issue of the British Journal of Occupational

herapy, to Ảe puẢlished early 2015…

Abstract

Introduction: ∑troẫe oten causes hoậonyậous Ặisual ield lossě ặhich can lead to eẸclusion froậ driẶing…

̉etention of a driẶing licence is soậetiậes possible by coậpleting an onëroad assessậentě but this is not

practical for all… ơt is iậportant to ind siậple tests that can inforậ the assessậent and rehabilitation of

driẶingërelated Ặisualëậotor function…

ŕethod: ûe deẶeloped noẶel coậputerised assessậentsk Ặisual searchğ siậple reaction and decision

reaction to appearing pedestriansğ and pedestrian detection during siậulated driẶing… ûe tested 12 patients

ặith stroẫe č7 letě 5 right ield lossç and 12 controls…

Results: he hoậonyậous Ặisual ield defect group ặas split into ĩdeằuately Coậpensated or ơnadeë

ằuately Coậpensated groups based on Ặisual search perforậance… he ơnadeằuately Coậpensated group

had probleậs ặith stiậuli in their afected ieldk they tended to react ậore sloặly than controls and in the

driẶing tasẫ they failed to detect a nuậber of pedestrians… ơn contrast the ĩdeằuately Coậpensated group

ặere better at detecting pedestriansě though reaction tiậes ặere slightly sloặer than controls…

Conclusion:ûe suggest that our search tasẫ can predictě to a liậited eẸtentě ặhether a person ặith stroẫe

coậpensates for Ặisual ield lossě andậay potentially identify suitability for speciic rehabilitation to proậote

return to driẶing…

(i) Key indings:

ð… þisual search caně to a liậited eẸtentě identify people ặith stroẫe ặho haẶe coậpensated for Ặisual

ield loss

b… ơnadeằuate coậpensation leads to poor haẺard detection in the afected ield…

b… ĩdeằuate coậpensation leads to haẺarddetection perforậance siậilar to controlsěặith slightly sloặer

reaction tiậes…

(ii) What the study has added: his study deậonstrates that ater stroẫeě a fairly siậple Ặisual search

tasẫậay be a useful ặay of deterậining the liẫelihood of successfully detecting haẺards in a realistic driẶing

scenario…

Key words: Stroke, Hemianopia, Driving, Visual Field, Visual Search,

Hazard Detection, Reaction Times, Compensation

Introduction

öoậonyậous Ặisual ield loss is a coậậon conseë
ằuence of stroẫe… ơn the ţ∂ě as in ậost countriesě
peopleặithhoậonyậous Ặisual ield loss are usually

censured froậ driẶing čColenbrander å łe ∏aeyě
2006çě although a sậall ậinority ậay regain their
license through an ‘eẸceptional circuậstances’ apë
plication and a successful on road assessậent č̉oyal
College of Ophthalậologyě 2013ç… öere ặe eẸaậine
ặhether there are coậputerised assessậentậethods
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that can help identify the degree to ặhich a stroẫe
patient has coậpensated for Ặisual ield loss…
ństiậates of the preẶalence of Ặisual ield loss

aậong stroẫe surẶiẶors Ặary ặidely froậ 8ą to 67ąě
ặhich partly depends upon population factors če…g…
tiậe since stroẫeç but also on the ậethods used to
assess the presence of a Ặisual ield defect č̉oặe et
al…ě 2013ç… Of those ặho eẸperience ield loss ater
stroẫeě there is Ặariation in the eẸtent and pattern
of Ặisual ield loss čsee ňigure 1çě ranging froậ a toë
tal heậianopia eẸtending outặards froậ the Ặertical
ậidlineě to a sậaller area of ield loss in a single ằuadë
rant or a paracentral scotoậa čűihlě 2000ç… ĩlthough
hoậonyậous ield loss ậay iậproẶe či…e… the eẸtent
and seẶerity of iậpairậentậay reduceçě this only ocë
curs for a ậinority of patientsě and for ậost people
soậe degree of deicit ặill persist čûalsh å öoytě
1969ğ űihlě 1995ç… ňor those ặith persisting Ặisual
ield lossě disability is coậậoně though this tends
to be Ặariable froậ person to person… ňor eẸaậple
in a conẶenience saậple of 46 patients seen in an
optoậetry clinicě 41ą reported probleậs ặith perë
sonal care tasẫsě 13ąặith self feedingě 50ąặithậeal
preparation and 94ą ặith shopping čûarreně 2009ç…
ńẶeryday tasẫs inẶolẶe a ặide Ặariety of Ặisualë

ậotor functionsě but eẶen ặithin controlled and
functionally isolated Ặisual search tasẫs there seeậs
to be Ặariability in perforậance froậ person to perë
son that is not predictable froậ the eẸtent of Ặisual
ield loss alone čűihlě 1995ç… ĩ proportion of those
ặith a hoậonyậous Ặisual ield defect čöþňłç can
haẶe search tiậes that are eằuiẶalent to a control
groupě ặhilst others ậay haẶe Ặery prolonged search
tiậes čñassel å ûilliaậsě 1963ğ űihlě 1995ç… his dië
chotoậy ặas irst reported by šoppelreuter č1917ç
ặho shoặed that 7 out of 28 heậianopic patients eẸë
hibited search tiậes indistinguishable froậ controls
and seeậed to be using a ậore efectiẶe gaẺe stratë
egy to achieẶe this… öe described the otherpatients as
deậonstrating ‘characteristically cluậsy’ scan pathsě
ặhich ặere ‘fragậented’ ặith loặ aậplitude sacë
cades and a high nuậber of iẸations čšoppelreuterě
1917 čťranslation űihl Jě 1990çç…

Because of the Ặariation in function of those ặith
a öþňłě soậe researchers haẶe found it useful to
categorise people ặith hoậonyậous Ặisual ield loss
based on their perforậance in a siậple dot counting
tasẫ… ûhen coậparing perforậance ặith a control
group categories such as ‘pathological heậianopia’

or ‘norậal heậianopia’ haẶe been used čűihlě 1995ě
2000çě and ặhen coậparing perforậance to other
heậianopesě categories such as ‘adeằuately coậë
pensated’ čĩCç or ‘inadeằuately coậpensated’ čơCç
heậianopia haẶe been applied čöardiessě šapageorë
giouě ∑chieferě å ŕallotě 2010ç… ûhilst these dië
chotoậies ậay be useful in predicting perforậance
in siậple tasẫs such as Ặisual searchě it is unclear
ặhether such distinctions also ậap onto functional
recoẶery that relate to real ặorld tasẫs such as driẶë
ing…
ûhilst it ậay seeậ surprisingě it is actually unë

ẫnoặn ặhether driẶing ặith Ặisual ield loss ater
stroẫe increases crash risẫ—crashes are rare eẶents
andoneặouldneed a large saậple siẺe čand accurate
recordsç to assess this reliably… þarious atteậpts haẶe
been ậade to associate crash risẫ ặith peripheral Ặië
sual ield lossě but only one study has so far shoặn an
increase in crash risẫ associated ặith reduced Ặisual
ield čJohnson å ∂eltnerě 1983çě ặhilst others haẶe
shoặn no clear relationship čBallě Oặsleyě ∑loaneě
̉oenẫerě å Bruniě 1993ğ łanielsoně 1957ğ łecina å
∑taplině 1993ğ Oặsley et al…ě 1998ç… Of course the Ặië
sual ields of these indiẶiduals could haẶe been afë
fected by a ậyriad of disorders and hoậonyậous
Ặisual ield loss due to stroẫe ậay not be ặell repë
resented in these studies… Both onëroad and driẶing
siậulator studies haẶe shoặn eẶidence that at least
soậe people ặith a öňþł can driẶe relatiẶely safelyě
although soậe probleậs ặith ậaintaining lane poë
sitioně gap Ẫudgeậent and stopping tiậes haẶe all
been noted čńlgin et al…ě 2010ğ ̉acette å Cassoně
2005ğ ∑chulteě ∑trasburgerě ŕullerëOehringě ∂asteně
å ∑abelě 1999ğ ∑Ẻlyẫě Brigellě å ∑eipleě 1993ğ ûood et
al…ě 2009ě 2011ç… ťặo studies reported that the better
perforậers seeậed to be using freằuent head ậoẶeë
ậents toặards the heậianopic ield čťantě Brouặerě
Cornelisseně å ∂ooiẪậaně 2002ğ ∂asneci et al…ě 2014çě
perhaps coậpensating for the loss of Ặisual inforậaë
tion froậ that ield…
he studies discussed so far haẶe predoậinantly

eẸaậined the efect of a öňþł on the ability to dië
rectly control the Ặehicle či…e… steering behaẶioursç…
łriẶing perforậance can also be eẶaluated froậ the
perspectiẶe of haẺard detection či…e… reacting in a
tiậely fashion to a potential haẺard on or near the
road aheadçě but in stroẫe populations this has been
less freằuently eẸaậined… One research group eẸë
aậining people ặith öþňłs has repeatedly deậonë
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Figure 1 ∏et eye Ặisual ields froậ eẸaậple participants… Blacẫ regions shoặ areas of the ield ặhere there is greatly

reduced sensitiẶity to Ặisual stiậuli… ơncreasing intensity of grey scale indicates greater loss of sensitiẶity to Ặisual stiậuli…

(A) ĩn uniậpaired ield of a participant in the control group… łarẫer region indicated the location of the optic nerẶe…

(B)he iậpaired loặer let ằuadrant of a participant ặho ặas identiied as adeằuately coậpensated in ńẸperiậent 1

č∏öþňł2ç… (C)he iậpaired right ield of a participant ặho ặas identiied as adeằuately coậpensated in ńẸperiậent

1 č̉öþňł1ç… (D) he iậpaired let Ặisual ield of a participant ặho ặas identiied as inadeằuately coậpensated in

ńẸperiậent 1 č∏öþňł1ç…

strated sloặer reaction tiậes and increased rates of
failure to detect pedestrians appearing in the afected
heậiield during a lengthy siậulated driẶing courseě
although perforậance Ặaried ặidely betặeen indië
Ặiduals čBoặersěŕandelě ñoldsteině å šeliě 2009ğ ĩlë
bertiě šeliě å Boặersě 2014ğ Boặersě ĩnanyeẶě ŕanë
delě ñoldsteině å šeliě 2014ç… ĩnother study has asë
sessed patients ặith hoậonyậous Ặisual ield loss
and controls negotiating a siậulated busy intersecë
tion at a iẸed speedě using nuậber of collisions
as the priậary outcoậe ậeasure čšapageorgiouě
öardiessěĩcẫerậanně et al…ě 2012ç… ĩgain a Ặeryặide
spread of ability ặas obserẶed in people ặith heậië
anopiaě but on aẶerage the nuậber of collisions ặas
increased against controlsěparticularly at a higherdifë
iculty leẶel… ûhilst the eẸtent of Ặisual ield loss and
participant age ặas soậeặhat associatedặith perforë
ậanceěon their oặn these factors ặere inadeằuate to
predict perforậance… ňurther analysis suggests that
there ậay be a linẫ betặeen behaẶiours such as eẸë
ploratory head and eyeậoẶeậents andperforậance
on the tasẫě i…e… longer saccadic aậplitudesě longer
scanpathsě ậore gaẺe shits andậore iẸations on Ặeë
hicles seeậed to be associatedặith better tasẫ perforë
ậance čšapageorgiouě öardiessě ŕallotě å ∑chieferě
2012ç…
Current research indicates that a öňþł can iậë

pair haẺard detectioně but soậe indiẶiduals coậpenë
sate to soậe degree… ûhat reậains unclear is the eẸë
tent to ặhich a relatiẶely siậple ‘static’ Ặisual search
tasẫ could proẶide a useful ậetric of coậpensation

that also relates to haẺard detection ặhen driẶing…
∑oậe authors haẶe found a relationship betặeen Ặië
sual search perforậance and soậe aspects of driẶing
čCoecẫelberghě Brouặerě Cornelisseně þan ûolfeë
laarěå∂ooiẪậaně 2002ğ ťant et al…ě 2002ç…he present
eẸperiậent set out to test the indings of Boặers et
al… č2009ç—naậely that a group of indiẶiduals ặith a
öþňł ặill eẸhibit iậpaired haẺard detection ặhen
driẶing črelatiẶe to controlsçě but ặith ặide Ặariaë
tion betặeen indiẶiduals and at least soậe indiẶidë
uals detecting haẺards ặithin a tiậescale consistent
ặith safe driẶing čBoặers et al…ě 2009ç… ûe eẸpected
that a subgroup of people ặith a öþňł ặould haẶe
eicient scanning behaẶiours and perforậ a Ặisual
search tasẫ as ằuicẫly as Ặisually uniậpaired peoë
ple… his ĩC group ặas predicted to perforậ siậië
larly to controls in haẺard detection tasẫs… ơn order
to test these predictions ặe created a noẶel ‘static’
Ặisual search tasẫ to identify ĩC and ơC groups… ûe
created a siẺe discriậination tasẫ because optical
siẺe could be iậportant for detecting approaching
obẪects… öuậan sensitiẶity to optic eẸpansion inforë
ậation čthe change in optical siẺeç is liậitedě so deë
tecting the ậoẶeậent of sậall fast Ặehicles če…g… ậoë
torbiẫesç that are far aặay can be diicult čñouldě
šoulterě öelậaně å ûanně 2012ç… ơn soậe cases deë
tecting siẺe diferences could be crucial to identifyë
ing the Ặehicle that is approaching or receding… ťo
capture this propertyặe elected to use siẺe diference
as the priậary feature of our search tasẫ… šilot ặorẫ
ặith older adults shoặed that large siẺe diferences
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betặeen the target and distracters caused target ‘pop
out’ and so ặere detected ằuicẫlyě ặhilst sậall siẺe
diferences ặere diicult to detectě and actiẶe serial
search seeậed to be reằuired… Both types of Ặisual
search are releẶant to driẶing since soậetiậes haẺë
ards are strongly Ặisually salient če…g… a large haẺë
ard suddenly eậerging in front of your Ặehicleç and
soậetiậes haẺards are subtleě peripheralě and eậë
bedded aậongst siậilar distracter obẪects če…g… one
pedestrian ậoẶing out froậ a stationary croặdç…
Once they ặere identiied ặe ặished to see

ặhether those in ourĩC groupặould haẶe suicient
Ặisual scanning abilities to ậatch the control’s perë
forậance at a haẺard perception tasẫ ặhilst driẶing
in the siậulator… ûe used a series of haẺard detecë
tion tasẫs of increasing coậpleẸity to ậeasure reacë
tion tiậes and errors detecting pedestrians appearë
ingě either ặith no other tasẫě or ặhilst siậultaneë
ously steering and changing lanes ặithin a siậulated
driẶing enẶironậent… ûe eẸpected that heậianopia
ặould ậaẫe haẺard detection diicultě and reằuire
eẸtreậely eicient scanning behaẶiours to coậpenë
sate suiciently… ơt should be noted that although the
priậary deicit for our participants ặas Ặisualě in
line ặith preẶious researchě ặe eẸpected that tasẫ
perforậance ậay only start to degrade as cognitiẶe
deậand increased andŋor ặhen haẺards appeared in
the afected part of the Ặisual ield…

Method

Participants

ûe recruited 12 patients ặith hoậonyậous Ặisual
ield loss čŕean age î 63…4 yearsě range î 51–74 years
oldě allậalesě aẶerage tiậe since stroẫe î 22ậonthsçě
ặho had stopped driẶing because of their Ặisual ield
lossě and 12 controls čŕean age î 61…75 yearsě range
î 51–72 years oldě 7 ậales and 5 feậalesç ặho tooẫ
part in all eẸperiậents… šatients ặere recruited forë
ậally through ∏eeds ťeaching öospitals and ∏eeds
Coậậunity öealthcare ťrust… here ặere 7 patients
ặith let sided ield loss and 5 ặith right sided ield
loss… řone of the participants ặith stroẫe had underë
gone speciic Ặisual rehabilitation although all had
at least accessed acute stroẫe rehabilitation… ĩll parë
ticipants passed ơshihara colour Ặision testing… his
research coậplied ặith the łeclaration of öelsinẫi…
ńthical approẶal ặas obtained for testing controls Ặia

the ţniẶersity of ∏eeds ńthics panel čơš∑ë100070çě
and řö∑ ethics ặas obtained froậ the Bradford ̉eë
search ńthics Coậậittee folloặing an online ởĩ∑
applicationě ̉efk 10ŋö1302ŋ3…

Apparatus

ĩll 24 participants had their Ặisual ields ậapped usë
ing a öuậphrey ňield ĩnalyser… ĩ 30ë2 standard test
ặas used to test ậonocular Ặisual ields for each eye
and an ństerậan test ặas used to test the binocular
Ặisual ield… ĩll participants had a forậal optoậeë
try assessậent to eẸclude any other ocular patholë
ogy ặhich could haẶe afected their driẶing perforë
ậance… ûe ậade custoậ spectacles for each particië
pant in order to optiậise their Ặision for a distance
of 1 ậetre—the distance froậ the eye to the screen
on the driẶing siậulator…
ńẸperiậent 1 čþisual ∑earch ťasẫç – ñraphics

ặere rendered at 75öẺ Ặia a high resolution 17 inch
C̉ť colour ậonitor čþision ŕasterě ơlyaậaě Japanç
ặith 1024 × 768 piẸels spatial resolution and ậean
luậinance of 50cdŋậ2… ∑tiậuli ặere generated usë
ing ńẸperiậent Builder ∑otặare č∑̉ ̉esearch ∏td…ě
Canadaç and consisted of an array of blue sằuares
ặhich subtended 1…45 degrees of Ặisual angle on the
screeně and a target ặhich difered by±20ą or±80ą
in side length čňigure 2čaçç… ∑ubẪects ặere seated
57cậ froậ the ậonitorě ặith chin and forehead on a
rest to control the Ặisual ield… he screen subtended
∼37 degrees of Ặisual angle…
ńẸperiậent 2 č̉eaction ťiậe ťasẫsç and ńẸperië

ậent 3 čłriẶing ťasẫç tooẫ place in our staticě iẸed
base driẶing siậulator čňigure 2čdçç… ñraphics ặere
rendered at 60öẺ using a šC čơntel i7 950 3…07 ñöẺç
running ûorldþiẺ þiẺard 3…0…
̉esponses to pedestrians ặere registered by the

participant pressing either the let or right ặheel pad
čparticipant choiceç… he ặheel pads are large butë
tons conẶeniently located behind the steering ặheel
ặhich can easily be depressed ặithout interfering
ặith steering…

Procedure

ńach participant tooẫ part in three eẸperiậentsk 1ç
the Ặisual search tasẫě 2ç the reaction tiậe tasẫsě and
3ç the driẶing tasẫ ặith concurrent haẺard detection
tasẫ…

4
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Table 1 łeậographics for participants ặith a öþňł… he inal roặ shoặs the deậographics of the control group

for coậparison… LHH î ∏et hoậonyậous heậianopiaě RHH î ̉ight hoậonyậous heậianopiaě LIQ î ∏et inferior

ằuadrantanopiaěRIQ î ̉ight inferior ằuadrantanopiaěRSQ î right superior ằuadrantanopia…Av. îậean…Rg. î ̉ange…

Time î nuậber ofậonths since stroẫe…Miles îŕiles driẶen per year before stroẫe…Contrast î Binocular šellië̉obson

contrast sensitiẶity člog unitsç… łegree of sparing ằuoted indicates the closest part of Ặisual ield defect to foẶea či…e… the

absolute ậiniậuậ aậount of central sparingç… ĩny areas of spared Ặisual ield in the periphery are also ậentioned i…e…

patchy sparing of the ̉∑ş č̉ight ∑uperior şuadrantç…

Label
Visual Field

Defect
Age M/F Impairments Time Miles Contrast

∏öþňł1
∏ööě no
sparing

73 ŕ 3 6000 1…65

∏öþňł2
∏ơşě

8Ự sparing
63 ŕ 10 12000 1…7

∏öþňł3
∏ööě no
sparing

51 ŕ ∏ heậiparesis 10 20000 1…75

∏öþňł4

∏öö to
ậidlineě
patchy

sparing ∏ơş

68 ŕ ŕild ataẸia 3 84000 1…75

∏öþňł5
∏ööě

no sparing
66 ŕ 42 10000 1…7

∏öþňł6
∏ööě 12Ự
sparing

74 ŕ 3 5000 1…75

∏öþňł7

∏ paracentral
scotoậaě 12Ự
sparing

57 ŕ ŕild ataẸia 72 10000 1…85

̉öþňł1

̉ööě 6Ự
sparingě
further

sparing of ̉ơş

60 ŕ 3 3000 1…7

̉öþňł2
̉ööě no
sparing

55 ŕ
̉ öeậiparesisě

ĩphasia
45 17500 1…8

̉öþňł3
̉ơşě 6Ự
sparing

62 ŕ 3 10000 1…7

̉öþňł4

̉ööě no
central sparingě
patchy ̉ơş đ
̉∑ş sparing

67 ŕ 36 4000 1…95

̉öþňł5
̉∑şě no
sparing

65 ŕ 35 6000 1…95

Control N/A
Av. 61.75,

Rg. 51–72
7M, 5F N/A N/A

Av. 12625,

(2.5–30k)
1.6–2.1

5
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Figure 2 (a)he Ặisual search tasẫ used in ńẸperiậent 1 shoặing a target sằuare in the let heậiield ặith side length of

20ą of the distracter sằuares… Older Ặolunteers inẶolẶed ặith pilot testing faẶoured a blue sằuare on blacẫ bacẫground

display as this reduced glare and eyestrain… (b)he reaction tiậe tasẫ used in ńẸperiậent 2 shoặing the three possible

target positions ặith the pedestrian orientated either toặard or orthogonal to the obserẶer… (c)he driẶing tasẫ used in

ńẸperiậent 3 ặith superiậposed oẶals added to highlight the laneëchange Ẫunction and a pedestrian ặalẫing into the

road… (d) łriẶing siậulator layout… ơậages ặere generated at 60öẺ and ặere bacẫëproẪected onto a screen ặith giẶen

diậensions in a ậattëblacẫ Ặieặing booth… šarticipants ặere seated in a heightëadẪustable driẶing seat… ťotal ield of

Ặieặ 89…42Ự× 71…31Ự…

ńẸperiậent 1… ňor each iteration of the Ặisual
search tasẫ the participant ặas irst presented ặith
a central iẸation crossě folloặed by a blacẫ screen
containing 32 blue sằuares čňigure 2čaçç… he locaë
tion of the centre of each sằuare reậained constant
betặeen trials and the position of the target Ặaried
aậongst soậe of these locations…here ặere 104 preë
deined trialsě ặhich ặere presented in a randoậ
orderě ặith a coậfort breaẫ ậidặay… here ặere 8
catch trials that contained no target to ensure particë
ipants did not ậerely guess the target siẺe… ơn each
of the reậaining 96 trials a single target sằuare of a
diferent siẺe ặas presented in aậongst the reậainë
ing 31 distracter sằuares… he target could be present
at one of 24 locations—6 of ặhich ặere located in
each ằuadrant of the screen čthere ặere 8 blue disë

tracter sằuares ặhose position ặas neẶer used for
the target sằuareç… ťo Ặary tasẫ diiculty the target
sằuare could be 4 diferent siẺesk ậuch sậaller čside
length 20ą of distractersçě slightly sậaller č80ą side
lengthçě slightly larger č120ą side lengthç or ậuch
larger č180ą side lengthç—see ňigure 2čaç…
ơn each tasẫě the participant ặas instructed to loë

cate the ‘oddone out’—using one of 2 buttons to indië
cate that the ‘odd one out’ ặas larger or sậaller… ơf no
response ặas ậade in 10 secondsě the trial tiậed out
and returned to a central iẸation cross for 2 seconds
before the neẸt trial coậậenced… ơn each trial ặe
recorded ặhether the participant ậade a correctě inë
correct or no response along ặith the reaction tiậe…

ńẸperiậent 2 č∑iậple ̉eaction ťiậe ťasẫsç… he
stiậuli consisted of a pedestrian appearing on a

6
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blacẫ bacẫground ặith a randoậised delay of 1…5sě
1…75s or 2s betặeen each trial… he obserẶer reë
sponded as fast as possible by clicẫing the ặheel
pads behind the steering ặheel… he pedestrian ặas
1…8 ậetres tall and appeared 15 ậetres in the disë
tanceě ặalẫing on the spotě centrally or 14…1 degrees
ofset into the periphery… šedestrians could be orienë
tated toặards or orthogonal to the obserẶerě reậainë
ing on the screen until the participant responded…
ňor the siậple reaction tasẫsě the participant siậply
clicẫed the ặheel pad as soon as the pedestrian apë
peared… ňor the choice decision tasẫs the participant
responded to the orientation of the pedestrian by
siậply clicẫing to indicate that the pedestrian ặas
orientated toặards theậě or holding the button for 2
seconds if the pedestrian ặas orientated 90 degrees
froậ theậ či…e… facing sideặaysç… husě there ặere
four conditions ặith 20 repetitions in eachě ặhich
ặere blocẫed and perforậed in the saậe order for
eẶeryonek the central reaction tasẫ čC̉ťçěperipheral
reaction tasẫ čš̉ťçě central decision tasẫ čC̉ťëłçě
and peripheral decision tasẫ čš̉ťëłç…
ńẸperiậent 3 čłriẶing ťasẫç… šarticipants ặere

asẫed to driẶe norậally doặn a straight 3 lane highë
ặay čfree froậ traicçě ậaintaining the initial startë
ing point in the ậiddle lane… ĩ grass Ặerge separated
the 3 lanes on the opposite side of the carriageặay…
öalfặay doặn the highặay a breaẫ appeared in the
grass Ặerge… šarticipants ặere asẫed to steer through
the breaẫ and continue doặn the 3 lane carriageë
ặay on the opposite side of the road čňigure 2čcçç…
he Ặehicle ậoẶed at a constant speed of 12ậŋs č26…8
ậphç… he acceleratorě braẫeě gears and clutch ặere
not used…
šedestrians čagaině 1…8 ậetres tallç appeared on

the paẶeậent or the grass Ặerge ě 40 ậetres in the
distance… ûith no steering adẪustậent the initial anë
gular ofset ặould be approẸiậately 12…9 degreesě but
this depended on the position of the driẶer in lane
and the heading angle of the Ặehicleě and changed
oẶer tiậe as the driẶer approached the pedestrian…
he pedestrians ặalẫed and ậoẶed in space traẶelë
ling at 1ậŋs čas opposed to ńẸperiậent 2 ặhere they
ặalẫedon the spotç… šedestrians appearedorientated
as per ńẸperiậent 2ě facing the obserẶer čand ặalẫë
ing along the paẶeậentç or oriented orthogonally
to the obserẶer čặalẫing into the roadç… ĩs per eẸë
periậent 2ě the participants ặere reằuired to clicẫ a
ặheel pad for a pedestrian ặalẫing along the paẶeë

ậent and to hold for a pedestrian ặalẫing out into
the road… Once a ặheel pad ặas pressedě the pedesë
trian disappeared froậ Ặieặ… ơn each trial tặo pedesë
trians appeared before the breaẫ in the grass Ặerge
and tặo aterě ặith a ậaẸiậuậ of 16 pedestrians
across the eẸperiậent… ńach pedestrian had a 50ŋ50
chance of appearing on the let or right of the roadě
and a 50ŋ50 chance of ặalẫing orthogonally to the
driẶer or toặards or aặay froậ theậ…
šarticipants ặere giẶen practice to ensure that

they could diferentiate the pedestriansě use the steerë
ing controls and coậplete the steering tasẫ halfặay
through the eẸperiậent… ťrials ặere repeated four
tiậesě crossing let to right tặo tiậes and right to
let tặo tiậes… ńach trial lasted around 30 seconds…

Analysis

Our priậary interest ặas the speed of target detecë
tion since perforậance on this ậeasure ặill deterë
ậine the earliest a driẶer can initiate an action če…g…
braẫing or sặerẶingç to aẶoid collision ặith an obë
stacle… he tiậe elapsed froậ presentation of the
pedestrian to the participants’ press of the ặheel
pads čreaction tiậe in secondsç ặas analysed for
ńẸperiậents 2 and 3… ơn eẸperiậent 2ě there ặere
3 controls and 2 participants ặith stroẫe ặho each
eẸhibited a single instance across the 4 tasẫsě of not
detecting a pedestrian for oẶer 5 seconds… ńach inë
stance of such an outlier trial occurred on the Ặery
irst iteration of an eẸperiậent so ặere liẫely due
to the participant not being fully prepared in soậe
ặay…ûeặere concerned that including such eẸtreậe
Ặalues in a siậple aẶerage ặould disproportionately
inlate ̉ť estiậates for these indiẶiduals and thereë
fore used ậedians for each indiẶidual participant’s
̉ťs… ơn eẸperiậent 3ě a ậiss ặas recorded if no butë
ton ặas pressed 3…3 seconds ater the pedestrian apë
peared čthe tiậe at ặhich the pedestrian ặas passed
by the driẶerç… ŕissed pedestrians ặere not counted
in reaction tiậe calculations… ûe ặere also interë
ested to see ặhether participants correctly identiied
the pedestrian direction ặhen perforậing the decië
sion tasẫ čńẸperiậent 2k C̉ťëłě š̉ťëł and ńẸperië
ậent 3k łriẶing š̉ťëłç… he orientation of a pedesë
trian indicated ặhether they are a potential haẺardě
for eẸaậple in ńẸperiậent 3 the sideặalẫ pedestrië
ans ặere not a risẫě but the pedestrians ặalẫing into
the road ặere a potential haẺard… ĩ ậeasure of decië
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sion error alloặs a fuller interpretation of reaction
tiậe behaẶiour če…g… a guessing strategy could lead to
ằuicẫer̉ťsç… ńrror rates are presented as the percentë
age of pedestrians correctly identiied… ơnstances of
coậplete failure to detect pedestrians in eẸperiậent
3 are reported separately…
ĩ Oneëặay ĩřOþĩ ặas conducted ặhen coậë

paring reaction tiậe data and a ∂rusẫalëûallis
test ặas used ặhen coậparing error rates in decië
sion tasẫs čthe underlying distribution ặas heaẶily
sẫeặed toặards high percentage accuracy scores so
a paraậetric test ặas inappropriateç… ơf signiicantě
planned contrasts ặere used to coậpare the Conë
trol group to the ĩC groupě and the Control group
to ơC group… ĩdẪusted degrees of freedoậ are preë
sented ặhere ∏eẶene’s ťest shoặed uneằual group
Ặariances… ĩs ặe did not eẸpect to see any signiicant
diference in error rate or reaction tiậe betặeen the
location of targets for the control groupě data ặas
aẶeraged across let and right ields… ńfect siẺes are
reported as r…
hroughout the resultsě the ∏et hoậonyậous Ặië

sual ield defect group č∏öþňłsç and̉ight hoậonyë
ậous Ặisual ield defect group č̉öþňłsç ặere
treated as one group čöþňłsç… ûhere possibleě perë
forậance is split into stiậuli falling into the afected
ield or the unafected ield…

Results

Experiment 1: Visual Search Task

ńach participant ặas giẶen a total score out of 96
čone point possible for a correct response in each
trialç… ûe also calculated the ậean reaction tiậe for
the correct responses…
ňor the control groupě the ậean score ặas 81…19ě

ậedian 80…5ě standard deẶiation 5…96 and a range of
72–89 čeằuiẶalent to 75ą–93ą correctç… he ậean
reaction tiậe to a correct response ặas 3…13 secondsě
ậedian 3…05 secondsě standard deẶiation 0…45 secë
onds and range 2…54–4…23 seconds… his is appreciaë
bly longer than the 0…8 seconds it tooẫ for an older
adult group č72 yearsç to carry out a Ặisual search
for a target at a randoậ location aậongst 18 iteậs
ặith soậe shared features čťricẫ å ńnnsě 1998ç…his
shoặs that this Ặisual tasẫ ặas nonëtriẶial eẶen for
the control group—not only ặas perforậance not

at ceiling but the tasẫ tooẫ longer than a siậple Ặië
sual search ặhere there are ậarẫed diferences in
soậe salient property čsuch as colourě shape and
orientationç… he scores and reaction tiậes for the
öþňł participants are giẶen in ťable 2… ûe use the
labels ∏öþňł and ̉öþňł to indicate the let or
right hoậonyậous Ặisual ield defect respectiẶely…
he participants ặith öþňł ặere categorised as adë
eằuately coậpensated if their total score ặas 72 or
greater ặhich is ặithin the range obserẶed in the
control group čin fact each ậeậber of the ĩC group
scored ặithin one standard deẶiation of the ậean
score for the control groupç… One ậight ặorry that a
ậore accurate score could be achieẶed by ĩC group
if they siậply tooẫ longer to search the array for the
targetě but the ậean reaction tiậes for ậeậbers of
the ĩC group ặere all less than 4…2 seconds čthe
longest ậean ̉ť eẸhibited by a ậeậber of the conë
trol groupç… ûe therefore categorised 5 participants
as haẶing an adeằuately coậpensated öþňł and 7
as haẶing an inadeằuately coậpensated öþňł…

Experiment 2: Reaction Time Task

Simple Reaction Task with Central Target

ĩ Oneëặay ĩřOþĩ reẶealed no diference in reë
action tiậe betặeen the controls č…29 secsçě the
ĩC group č…37 secsç and the ơC group č…37 secsç
čF(2ě 23) ≙ 2…673ě p ≙ …092ě r ≙ …45ç…

Simple Reaction Task with Peripheral Target

ĩ Oneëặay ĩřOþĩ reẶealed diferences for reacë
tion tiậes betặeen the groupsặhen the targetặas in
the afected ield čF(2ě 23) ≙ 7…961ě p ≙ …003ě r ≙ …66ç
but not the unafected ield čF(2ě 23) ≙ 3…2ě p ≙
…061ě r ≙ …46ç… šlanned contrasts for the afected
ield reẶealed that there ặere no diferences betặeen
controls č…32 secsç and the ĩC group č…37 secsç
čt(5…820) ≙ 1…319ě p ≙ …237ě r ≙ …48ç but the ơC
group č…59 secsç ặere signiicantly sloặer than conë
trols čt(6…405) ≙ 2…831ě p ≙ …028ě r ≙ …75ç… On
closer inspection of this groupě the diference seeậed
to be largely driẶen by tặo indiẶiduals in the ơC
group ặho had reaction tiậes of …91 and …85 secondsě
ặhereas the rest of the ơC group perforậed siậilarly
to the ĩC group č…46 secondsç… his Ặariability in
perforậance relects the heterogeneity of functional

8
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Table 2 ̉esults of the Ặisual search tasẫ for participants ặith öþňł

Participant
Score (Out

of 96)

Reaction Time

(Seconds)

Adequately/Inadequately

Compensated

∏öþňł1 47 2…81 ơnadeằuately
∏öþňł2 89 3…111 ĩdeằuately
∏öþňł3 48 3…32 ơnadeằuately
∏öþňł4 40 3…285 ơnadeằuately
∏öþňł5 53 3…476 ơnadeằuately
∏öþňł6 67 3…233 ơnadeằuately
∏öþňł7 76 3…977 ĩdeằuately
̉öþňł1 76 4…056 ĩdeằuately
̉öþňł2 62 4…468 ơnadeằuately
̉öþňł3 67 3…336 ơnadeằuately
̉öþňł4 86 3…041 ĩdeằuately
̉öþňł5 84 3…138 ĩdeằuately

Figure 3 ŕean siậple reaction tiậes čno decisionsç for

haẺards presented either centrally čC̉ťç or in the periphë

ery čš̉ťç during ńẸperiậent 2… ŕean perforậance in

š̉ť is shoặn for both the ţnafected and ĩfected ields

for the ĩdeằuately Coậpensated čĩCç or ơnadeằuately

Coậpensated čơCç groups as identiied in ńẸperiậent 1…

he dotted blacẫ line represents the ậean perforậance of

the Control group… ńrror bars î SEŕ…

ability eẶen ặithin a subëgroup already categorised
as inadeằuately coậpensated…

Decision Reaction Task with Central Target

ûhen the target ặas presented centrally and the parë
ticipants responded by indicating the orientation of
the pedestrianě the groups’ reaction tiậes ặere sigë
niicantly diferent čF(2ě 23) ≙ 4…138ě p ≙ …031ě r ≙
…53ç… šlanned contrasts shoặed a signiicantly sloặer
ậean reaction tiậe for the ơC group in coậparison

to controls č…62 secs Ặs …48 secsğ t(8…889) ≙ 2…314ě p ≙
…046ě r ≙ …61ç… he ậean reaction tiậe for the ĩC
group ặas only …07 seconds sloặer than that of the
control groupě and this diference did not ằuite reach
signiicance čt(14…985) ≙ 2…107ě p ≙ …052ě r ≙ …48ç…
ńrror rates ặere not diferent betặeen the three
groupsě as shoặn by the ∂rusẫalëûallis test čơC î
90ąě ĩC î 92ąě Ctrl î 85ąğ χ2 ≙ 1…56ě p ≙ …46ç…

Decision Reaction Task with Peripheral Target

ûhen the target ặas presented in the afected heậië
ield reaction tiậes ặere signiicantly diferent beë
tặeen groups čňigure 4ĩğ F(2ě 23) ≙ 16…291ě p <
0…001ě r ≙ …78ç… šlanned contrasts shoặed a signifë
icantly sloặer reaction tiậe in the decision tasẫ for
both the ơC group as coậpared to controls čậean
reaction tiậe …80 secs Ặs …56 secsğ t(21) ≙ 5…49ě p <
0…001ě r ≙ …77ç and for the ĩC group coậpared to
controls č …72 secs Ặs …56 secsğ t(21) ≙ 3…284ě p ≙
…004ě r ≙ …58ç… ńrror rates ặere not signiicantly difë
ferent betặeen groups čňigure 4Bğ ơC î 91ąě ĩC î
98ąě Control î 91ąğ χ2 ≙ 3…389ě p ≙ …15ç…
ňor targets presented in the unafected sideě the

groups ặere also signiicantly diferent čF(2ě 23) ≙
4…281ě p ≙ …028ě r ≙ …54ç… šlanned contrasts for tarë
gets appearing in the unafected heậiield reẶealed
a sloặer reaction tiậe for the ơC group as coậpared
to controls č …70 secs Ặs …56 secsğ t(21) ≙ 2…89ě p ≙
…009ě r ≙ …53ç… here ặas no signiicant diference
betặeen the ĩC group and controls č …63 secs Ặs

9
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Experiment 2

Experiment 3: Driving PRT-D

Figure 4 ŕean perforậance in the decision reaction tasẫs for ĩdeằuately Coậpensated čĩCě gray barsç and ơnadë

eằuately Coậpensated čơCě ặhite barsç groups in ńẸperiậents 2 and 3… (A) ̉eaction tiậe and (B) šercent correct

detecting haẺards presented either centrally čC̉ťëłç or in the periphery čš̉ťëłç during ńẸperiậent 2… (C) ̉eaction

tiậe and (D) šercent correct detecting peripheral haẺards ặhen presented siậultaneously ặith the łriẶing tasẫ čłriẶë

ing š̉ťëłě ńẸperiậent 3ç… ŕean perforậance in š̉ť is shoặn for both the ţnafected and ĩfected ields… he dotted

blacẫ lines represent the ậean perforậance of the Control group across both ields… ńrror bars î SEŕ…

…56 secsğ t(21) ≙ 1…398ě p ≙ …177ě r ≙ …29ç… ńrror
rates for the unafected side ặere not diferent beë
tặeen groups čơC î 87ąě ĩC î 97ąě Ctrl î 91ąğ
χ2 ≙ 3…389ě p ≙ …15ç…
ňigure 4ĩ shoặs the sloặer reaction tiậes in the

decision tasẫs for both öþňł groups čthe dashed
line represents the ậean control perforậanceçě espeë
cially for peripheral targets appearing in the afected
heậiield… ňigure 4B highlights that the öþňł
groups seeậ to be ậaintain accuracy but ặith the
cost of perforậing ậore sloặly…
ĩcross the 4 tasẫs č80 targets for each of the 24

participantsç there ặere a total of 12 falseëstarts čreë
sponses before the pedestrian appearedç—6 ặere by
controls and 6 by participants ặith stroẫe…

Experiment 3: Decision Reaction Task with
Peripheral Target when Driving

his inal eẸperiậent added a neặ layer of coậpleẸë
ity because participants had to perforậ a siậple
lane changing driẶing tasẫ ặhilst siậultaneously reë
sponding to pedestrians appearing at the side of
the road… ûhen a pedestrian appeared in the afë
fected heậiieldě the ĩřOþĩ shoặed a signiicant
diference betặeen the reaction tiậe of the groups
čF(2ě 23) ≙ 4…717ě p ≙ …02ě r ≙ …57çě hoặeẶerě
planned contrasts shoặed no signiicant diference
betặeen the ơC and Control groups č1…21 secs Ặs …71
secsğ t(6…452) ≙ 2…181ě p ≙ …069ě r ≙ …65çě nor the ĩC
and Control groups č…80 secs Ặs …71 secsğ t(6…080) ≙
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…965ě p ≙ …371ě r ≙ …36ç…
he∂rusẫalëûallis test shoặed that ńrror rates difë

fered signiicantly betặeen groups čχ2 ≙ 7…561ě p ≙
…023ç… šairặise coậparisons shoặed a signiicant
reduction in accuracy for the ơC group coậpared
to controls č49ą Ặs 93ąğ p ≙ …046ç but no diferë
ence betặeen the ĩC group coậpared to controls
č95ą Ặs 93ąğ n…s…ç… řo control participant had a sinë
gle failure to detect a pedestrian or ậade a single
falseëstart či…e… a button press ặith no pedestrian on
screenç… ĩậongst the 5 ĩC participantsě 1 indiẶidë
ual had a single failure to detect čto a static target in
the unafected ieldç and a single falseëstartě although
their other responses ặere all correct… ĩậongst the 7
ơC participantsě ∏öþňł5 and ∏öþňł6 shoặed no
falseëstarts or failure to detects… ̉öþňł3 had 1 failë
ure and 1 falseëstartě ∏öþňł1 and ∏öþňł3 had 2
failures and 1 falseëstartě ̉öþňł2 had 4 failures and
9 falseëstarts and ∏öþňł4 had 5 failure to detects
and no falseëstarts…

ûhilst controls appeared to respondậost ằuicẫlyě
an analysis of reaction tiậe data for pedestrians apë
pearing in the unafected heậiield failed to reẶeal
signiicant diferences betặeen groups čơC î …91 secsě
ĩC î …83 secsě Ctrl î …71 secsğ F(2ě 23) ≙ 3…411ě p ≙
…052ě r ≙ …50ç… here ặere no reliable diferences in
error rates betặeen groups čơC î 82ąě ĩC î 92ąě
Ctrl î 93ąğ χ2 ≙ …135ě p ≙ …935ç…

Discussion

ơt has been asserted that coậpensatory eye or head
ậoẶeậents ậay be used by soậe people ặith a
öþňł to gather inforậation froậ the nonësighted
part of the Ặisual ieldě and as a result be able to driẶe
a Ặehicle relatiẶely safely čCoecẫelbergh et al…ě 2002ğ
šapageorgiouě öardiessě ŕallotě å ∑chieferě 2012ğ
ûood et al…ě 2011ç… ơt is easy to iậagine hoặ such
eye or head ậoẶeậents could help to orientate toë
ặards ẫnoặn road features i…e… the road or lane edge
čûilẫieě ∂ountouriotisě ŕeratě åûanně 2010ğ ∂ounë
touriotisě ňloydě ñardnerě ŕeratě å ûilẫieě 2012çě or
traic eậerging froậ a Ẫunction… öaẺard perception
is a diferentậatter—if a pedestrian ặere to step into
the road uneẸpectedlyě soậeone ặith a öþňł ậay
not detect the eẶent if it happens to fall ặithin the
afected ield… ∑uch eẶents ậay be rare enough that
they are not obserẶed in a real ặorld driẶing eẸaậië

nationě but the conseằuences of failure to spot such
a haẺard eẶen once are potentially deẶastating… öere
ặe eẸaậined ặhether those indiẶiduals that shoặed
the capability to successfully use eyeëậoẶeậents to
search a static Ặisual scene to identify the ‘odd one
out’ ặere also efectiẶe at detecting the sudden apë
pearance of a pedestrian…
ţsing the Ặisual search tasẫ čńẸperiậent 1ç ặe

split our participants ặith öþňłs into a high perë
forậing ‘ĩdeằuately Coậpensated’ čĩCç group
and a loặer perforậing ‘ơnadeằuately Coậpensated’
čơCç group… ơn siậple reaction tiậe tasẫs čńẸperië
ậent 2çě reaction tiậes to pedestrians appearing in
the afected heậiield for the ậaẪority of öňþł parë
ticipants ặere close to that of controls… ûhen a decië
sion about pedestrian orientation ặas reằuired čńẸë
periậent 2ç the reaction tiậes to a pedestrian apë
pearing in the afected heậiield for the participants
ặith a öþňł ặere sloặer than controls čby ∼ 0…16s
for the ĩC group and ∼ 0…24s for the ơC groupç but
ặith no diferences in error rate… ûhen ặe asẫed parë
ticipants to detect haẺards ặhen perforậing a conë
current siậulated driẶing tasẫ čńẸperiậent 3çě the
reaction tiậes and error rates of the ĩC group čfor
either afected or unafected ieldsç ặere Ặery siậië
lar to controls… ơn contrast ặe obserẶed longer reacë
tion tiậes and increased error rates for the afected
ield ofậanyặithin the ơC group čthough the ̉ť difë
ference ặas not statistically reliableç… hese results
ặould appear to conirậ our tặo hypothesesk irstly
that soậe people ặith a öþňł can successfully deë
tect haẺards ặhilst siậultaneously driẶingě and secë
ondly that ặe can predict those ặho can perforậ
ặell at such haẺard detection using a coậputer based
Ặisual search tasẫ…

hese results ặould seeậ to suggest on one leẶel
that our Ặisual search tasẫ couldbe a useful screening
tool for identifying indiẶiduals ặith the capacity to
successfully detect haẺards ặhilst driẶing… öoặeẶerě
there are reasons to be cautious of this interpretation
of our datak ûe did not obserẶe a reliable diference
in reaction tiậe betặeen controls and the ĩC group
in our siậulated driẶing tasẫě but the saậple siẺe ặas
sậall and the absolute diference ặas ∼ 0…1 secs on
both the afected and unafected side—potentially
still long enough to cause probleậs ặhen driẶing…
he ĩC group ặere signiicantly sloặer at the š̉ťë
ł eẸperiậentě presuậably due to a greater nuậber
of trials… ĩlsoě certain indiẶiduals did not behaẶe as
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predicted—for instance ∏öþňł5ě placed in the ơC
groupě ậade 15ŋ16 correct responses ặith an aẶerage
reaction tiậe of 0…82 seconds for targets on the afë
fected side—ặell ặithin the range shoặn by the conë
trol group… ̉öþňł4ặas placed in theĩC groupěbut
ậissed one pedestrian altogether—potentially an eẸë
treậely serious error… ∑o ặe ặould ậaẫe no claiậ
that people ặho perforậ ặell at our Ặisual search
tasẫ should iậậediately haẶe their driẶing licences
reinstatedğ rather ặe propose that perforậance in
this tasẫ is one indicator that could be used to inforậ
the targeting of rehabilitation and training toặards
those indiẶiduals ặho haẶe displayed a capacity to
coậpensate for Ặisual ield loss… ûe enẶisage that a
Ặisual search tasẫ such as ours could proẶide useful
feedbacẫ to patients about the seẶerity and eẸtent of
functional lossě and eẶen the degree of recoẶery čif
they carry out the test at diferent tiậe points postë
stroẫeç… ûhilst our results are proậising there is a
need for further Ặalidation studies čặith larger saậë
ple siẺesç to establish testëretest reliability of this tasẫ
before it ặould be suitable for use as a clinical assessë
ậent tool…
ơt is ặorth briely considering the characteristics

of the Ặisual search tasẫ used in this research… he
aẶerage search tiậe for the target ặas approẸiậately
3 secondsě ặhich is in the order of 3 tiậes longer
than preẶiously published Ặisual search tiậes for
older adults čťricẫ å ńnnsě 1998ç… Our Ặisual search
tasẫ included target iteậs that ặere Ặery siậilar to
the distractor iteậsě ậerely 20ą sậaller or larger
čặhich eằuates to less than 1/4 degree change in edge
lengthç… ûhen eậbedded as one of 32 iteậs this
ậaẫes the Ặisual search tasẫ challenging to perforậ
ằuicẫly andaccuratelyě and clearly reằuires intact eyeë
ậoẶeậents and Ặisual short terậ ậeậory function
as ặell as the ability for those ặith öþňł to saậple
Ặisual inforậation froậ their afected ield…

ûhen considering the relationship betặeen the
Ặisual search tasẫ and haẺard detectioně it is ặorth
considering ặhether the siậulated driẶing tasẫ used
in the present eẸperiậent ặas suiciently represenë
tatiẶe of real ặorld driẶing… he probleậ ặith atë
teậpting to siậulate ‘real’ driẶing conditions is
that the Ặisualě ậotor and cognitiẶe deậands Ặary
greatly depending upon the enẶironậent being
driẶen through—consider the diferences betặeen
city driẶing at rush hourě ậotorặay driẶing at high
speeds in the raině or driẶing along narroặě ặindë

ing country lanes at night… ơt isě thereforeě nonëtriẶial
to precisely deterậine ặhether the tasẫ used in the
present study ặas less deậanding or ậore deậandë
ing than real driẶing… Coậputer siậulations haẶe
been used for ậany years to proẶide ặell controlled
Ặisual conditions ặith reliable and reproducibleậeaë
sures of perforậance čûilẫie åûanně 2002ğ ∂ounë
touriotisě ∑hireě å ŕoleě 2013ğ ̉aặě ∂ountouriotisě
ŕonëûilliaậsě å ûilẫieě 2012ç and here the lane
change driẶing tasẫ ặas used to reproduce soậe
of the core Ặisualëậotor deậands of city driẶingě
ặhilst also testing the ability to detect and respond to
pedestrians… he tasẫ lacẫed soậe other driẶing deë
ậandsě such as using the pedalsě dealing ặith traicě
and furtherậore the driẶer ẫneặ that haẺards ặould
eậerge at soậe point and could to soậe degree preë
dict ặhen theyậay appear… ûe are not asserting that
our adeằuately coậpensated group ặould deinitely
be safe to driẶe in the real ặorld—it ặould be necesë
sary to carry out a longerě less constrained siậulated
study to eẸaậine this ằuestion further… ơt could also
be argued that the binary button pressing ậotor reë
sponse thatặe asẫedparticipants to generate is diferë
ent froậ the usual braẫing or aẶoidance actions perë
forậed ặhen driẶing… ơt should be notedě hoặeẶerě
that the control group responded rapidly č∼ 0…75sçě
detecting 100ą of pedestrians čalthough occasionë
ally ặith the ặrong responseç… he ĩC group siậië
larly detected 100ą of pedestrians appearing in their
afected ield čặith a single ậiss in the unafected
ieldçě though they did respond slightly sloặer than
controls… ơn contrastě 5ŋ7 of the ơC group failed to
respond at all to at least tặo pedestrians appearing
in their afected ield… ûe ặould classify such ậisses
as a ậaẪor errorě ặhich does reinforce the apparent
relationship betặeen perforậance in a deậanding
Ặisual search tasẫ and the ability to successfully deë
tect haẺards ặhen driẶing…
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