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processing task, We find clear evidence of interference between the two tasks
suggesting a common system, However, the results also indicate that whatever 15
comon to the two tasks does not have the same anatomical location as found for
visual spatial attentfon,

Previous work fn cognitive psychology has also proposed 2 dissociation between the
alerting and selective aspects of attention, In agresment with this dissociation
the present study found that omitting any warning signal worsened performance for
Teft sided patients, These two patterns were also found in normals when we conpare
blocks run at a high state of alertness with thase run at Tower levels of alertness.
These results support suggestions of a right sided bias for alerting but show that
ft 5 not the cause of the attentional selection deficit often reported in rightl
parfetal patients, A hierarchical distributed network 15 proposed to accomodate
these data,
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Recently our knowledoe of the mchaniens of vigual-
spatial attention has inproved dus to studies qloylng single cell
tacording vith alect menkeys and those using pecformance
analysis of nurological patients, Thess studles supgest that 2
conplex neural ntwork ncluding parts of the puﬁtlor parietal lobe
and nidbeain ate {nvolved In covert shifts of vimal attention,
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Is s systen an (solated virwal attentiomal mdle of

Au 1t pact of 2 nore quners] attantional systea? ur studies wploy

the dual task technique to deternine if covert visual orimting can
take place while a pecson's attention ig engaged in a Language
processing task, We find clear evidence of {ntecference betveen the
bwo tasks mgysting a comamn systen, Hovever, the results s
indicate that vhatever 18 comon 0 the to tasks does not have the
tane anatoedcal location as found for viead sputial attentien,
Previous otk In cognitive psychology hag also proposed
4 dissociation betwan the alerting and salective aspects of
attention. In agreement vith this dissociation the presnt study
found that cmitting any verming signal vorsaned pectornance for
patlents vith right sided lesions, but {mproved performance for
1ot sided pationts, These tw pattemns were also found in normals
vhen v compate blocks oo at a high state of alectnass with thoss tn
at lover levels of alertness, Thase comulty suppoct sugpestions of &
tight sided bias for alerting but show that it 18 not the cause of the
attenticnal salection deticit often reported in tight parietal

patients, A hiecacchical disteibuted network 1s preposed to
dccomodate these data,
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A fundasental problen of attention 18 to wndarstand hov the wnity -

of consclous experience L related to the many levels of salectivity
{nvolved in processing external events, The amount of {nformation of
which ve are avare at any nomnt seess cemackably lindted, ot it is
. Often officlently selected from a vast arcay of input, We are
genetally unavace of the datails of the selection, but without it our
subjective expecionce could not temaln unified,

The conplexity of these issues hag made it desirable to divide the
study of attention into subaceas. One traditional distinetion is

between the arousal or alerting aspect of attention and the selective

aspect (see Kaherman, 1973), In pact this separation is cognitive,
coeresponding to the ditfecance between the eechanisas allowving us to
salntain awaeness of cur environment and those specifying the content
of awaeness. In pact, it arises fron a distinction betveen
subcortical azousal systens (o.g, addbrain and thalamic reticular
arousal systens) and the sensory systems that provide specitlc
{nformation about stimuli, In this sense the distinction is at orce
both cognitive and anatomical, |

Within the sty of selectivw attetion 1t us also bon
traditional to deal with subsceas based eithur on the modality of
ingut (e.g. auditory, visusd) or the type of information or cognitive
systen {nvolved (0.9, language of spatial),

}

In tecent years o more detailed anstomical and physiological
analysis of attantion has daveloped vithin the domain of selection of
visaal spatial information (Mountcastle,1978; Posner, 1980; Wurtz,
Goldberg & agblmm. 1960), ‘his wock imvolves studies of alert
eockeys and of noral and brain injuced patients orienting to viral
events. $ince no ovect changes (0.g, eye soveasnts) need oceut in
order for there to be evidence of selection at the attended locaticn
it is possible that mechanisas revealed by these studies may cerve as
& rode] for undecstanding attention in qeneral.

A the lew] of computations one can view & shift of visul
attmtion as fnvolving thees mote elemertary operations {solated fron
cheoncaetzle studies, The fist 1y dlsengaging from the current focus
of atttion. 1t isa il establighed princlple that the depth of
comnltaent to cne task {nfluences the tine to svitch or disengage frem
that task (Laderge, 1973), his principle underlies much of the use of
secondacy tasks to measure attention desands (see Rerr, 1973 for »
teview),

The sacond operaticn {nvolves & novenent of attention frcm its
current focus to the naw locaticn, Thece is some reason to believs
that this movement 19 analog in the sense of passing through the .
intormdiate Locations (Shuloa, Remiogto ¢ Mctamn, 197 Tl 1983,
Ullaan, 1985), but this g by o mean sattled (Bughes and Zinta, 1905
Resalngicn and Plerce, 1984) Shulsan, Wilson and Shethy, 1905}, the
Rove cpecation could be sinilac to the operation involved in pental
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totation and image scanning (Noslym, 1960, Pinker, 1960, Shepard,
19%),

Pnally the subject must engage the nev target,  The engage
operation s likely to differ depending upon the task required, Some
processing (ln.q. the reglsteation of features ot the lookup of highly
faailiar cosponses) may take place vithout engaging attention {Matcel,
19827 Teedszan 6 Galade, 1960), However, 1t appears necessary for
attention to be at the target in order for an arbitcary spaeded
responas of saxima offedoncy to occur, Thus faster cesponses and
higher d's ace teported to events which occut at locations to vhich
attention has been cued (Bashingki & Bachcach, 1980; Downing & Pinker,
1985) Posner, 1980),

Each of these cperations appears to be affected by a ditferent
form of brain injury, Dusage to the paristal lobe can produce a
severe deflclt in the ability to disengage attention from a visual
lﬁum. vithout any necessaty loss in efficiency of the move ot
engage opetation (Posner, Walker, Priedrich and Rafal, 1984),
Mthough danage to the pacietal lobe can lesve tha pecson unavare of
stimli contealateral to the lesion if visual attention is engaged
tlsevhare (Posner, Cohen and Mafad, 1963) the same visual location may
show notmal or near normal cesponse, time vhen ct.tmtm has been
attracted there. This dndicates that it s possible for the engage
opecation to be notnal o near normal vhen the dlsengaoe operation is
severaly damaoed, On the other hand, damage to aidbrain acess telated

5

to saccadic eye movenents can produce a spetifie sloving of the oove
operation (Posner, Cohen and Rafal, 1982; Posner, Choate, Rafal and
Vaughan, 1985),

These findings £1t well vith the single cell tecording data from
monkeys. The morkey studies have shown that the pacietal Jobe
containg cells shov in enhanced responses to stimli in thelr
teceptive £ield vhen the anisal is trained to attend to that Jocation
vhile maintaining Lixation at another place (Wurts, Goldberg ¢
Rabingon, 1980), On the other hand eells in the superior eolliculys
appeat to be auch more closely eelated to attention vhen it involves
oy Rovemsnts, '

The human data suggest that aidbeadn lesions can affact covart
attention shifts, but the cospnents affucted are those highly celated
to the eye sovenent systen, Por example, it has been shown that
lesions of the aidbrain mey {ncrease the Likelitood of attention
teturning to a vimal location which has recently bean examined ofther
by & fuation of covertly (Posmer, Choate, Rafal ad Vaughn, 1985,
Such & mechanisn would have obvious {spartance in vimal scanning,

Ths we can nov dafine visual~spatial attention in terns of
celatively precise copitive operations and also say scmething abeut
the anatondcal locus of these operations, In tMil paper we use our
knovledge of the viswal-spatial attantion soule to study tvo general
questions related to attention. Mrst, i the sodule that subserves
visual-spatial attention sepacate from other systeas that subserve

6
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" attention or {5 it part of 2 mee Seneral systen? 1f the latter, 44
the anatomy of the nore qunetal systen distinet from the visual.
spatial systemd Second, doeg the operation of visual-spatial

attenticn involve saparate alecting and selection opecations ag

wuggested by comitive theory? If 30, can e daine their aatomical -

substeate?

Experiat |

Que steategy to explore thess two dssues vas tg Aiegs the
performance of patients with koot daficits due to paietal lueions
and groups of normal controls, 7o study the {sue of vhether vigwl.
patial attention is & separate eodle v had swbjects perform 2
viswal-spatial orlenting task efther by dtselt or conhined vith one of
tvo secondary tasks, The Heondacy tasks vere chosen in an offort to
insure the use of saparate input 2nd output pathy and quite ditferent
cognitive operations from those used in vieal-spatial orienting, we
then examine the ability of the patients and normals to tine share the
peioacy and secondacy tagk, Suppose viswal-spatial attantion ig 2
separete odule, We would expect & qeowcal {ncreags in reaction ting
e to intarfacance with output ot roliance yon m vary general
Comon tegouces.,  Hovever, the advantage of a ghift of attentien to
the cued Location vould be expected to rumain present, aince it
visual-spatial 1o a sepacate moule it could operate to shift

1

attention even vhen the subject was engaged in pecforming the ,
secondary task. Suppose nstead that the ucorda'ry task shaces soue of
the sane attentional nechanisas with visual-spatial attention, v
wuld then expect to £ind {ntecfatence vith the covert ghift of
attentlon (0.9, invalid-valid Ks) as well a8 an overall dncrease 4o
teaction tie,

Our peevious work has established that whanaver patients are
ngaged vimually they bave & special diftioulty in tespending to
imvalid targets contralateral to the Jesicn, Suppose the secondaty
Casks engage attention by use of the saoe pacietal systen fdentitied
with spatial orienting, IE that vere the case, whn 2 patiunt was
attending to the secondaty task thers vould be o specific logs in the
ability to deal with Lovalid targets contralateral to the Jesicn,

That 40 48 the secondary task uses the pacletal systen W ought to gee
the uswal sign of engagenent of that systea nasely a epecific defleit
for contralatecal targets, Thus, w can get information about the
anatondcal basds for any spaciic intaterance effect by asking vhethes
the sacondary task croates o specilc dafiedt for dnvalid
contalateral targets,

We thus have two indices of the sepattbility of the primary and
secondary task, The ficst has to do with wnthu. the secondary task
abtects the advantage of valid ovee $nvalid RTs found vhen the peimary
task do pectorned alone, This indes allovs us to datermine hether
the tvo tasks dnvolve the same ot ditfarent comitive compeonents of

§



atbankion, The second ndex {o vhather of not e secondary task
serven Lo produce o qreater epecitie dafleie for Lvalld controlatetal
taegets, The sacond Index tolln ut about whether emaging attintion
the socondary Lask Involven the same wnatomdcal eystom o aRtendiog to
0 visal location dove,

e second {osun o vhich thls study Is sddcessed hag b do with
the eparablLity of Locting feom directional o¢ selective operations,
Whrieves o event . prasented vhdch can satve Lo cue attention 0 4
Jention §8 o 400 secve a0 & veendog signal o vary the leved of
dlortnens, In oLl our proviows voek e have held alettuss constant
by alweys Introducing & oo, 10 the present study w atange for
blocke In which no e o prosnted, In such blocks the mfect must
saintain alurtress vithout the add of o wiening sigral on each teial,
§% has boon cupgested that the baals of the parietal deficlt depends
wpon ¢ redueed alorting oc ypoaccusal of the atfucted headighere
prodocing the cbearved deticit in desling wvith contralateral stimuld
(ekLown a0 Yan Do Abal, 1979), 3£ thie s so cmitbing the alacting
cur cught 0 Increase the peoblem patients have vith contralateral
targets,

Method

Subjoct/pationts:  Nine patlents with untlateral pacietal
lostons vere subjects in the phonene sonitoring experioent. In
addition Live of these patients vere mubjects in the backard comting
oxporiont, Four putlents (N, 3¢, O, and B1) hed pucticipated dn
provious mxperinents and thedr elinical conditions are described dn
Posner ot al (1604) (Tablo 3), 7 scans ware avadlable for dlagrosis
far all of the Live nev pardetal patients, € scwns shew o hypodenss
aten in the parietal lobe (9, KN), infarction in the pacietal arm

‘(NF) ot Eeontompatiataletesporal ares (XC), or hematona in the

tempero=pariotal lobe (CC), Two of the Leftparietal pationts wre
aphastc (IC und 88), Nith the axception of AC whose age 4 3 yars,
all other nev patients vare oldec than 60 yms,

Control subjectss 16 mubiects without docunented neutological
Gisorders served an controle for the pariatal pationts, Bight of the
conteol subiocts were {n the age geoup of 19 to 35 years and wee
cecruited from the statf of Good Semacitan hospital and Medical Conter
or Portland State Wniveralty and eight of the control subjocts wre
s o the e et of 00 % yours,

Tagks-1 In the aingle task condition, mubjects were required only

o datect the viswal target and to depress & single ey with the {ndes
10
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finger as quickly as possible, The basic experinental parsdign vas
sindlar to Posnee, Walkee, Frindrich and Rafal (1984), Subjects faced
2 cathode tay tube (CRT) 80 cn fcom the eyes, They wace instructed to
naintain fixation on a central box. Tvo peripheral boxes vere present
approximately eight deqrens to the left and right of fixation,

™ types of single task blocks wete used. In cued blocks one of
the two peripheral boxes beightened for 300 millisec, The onset of
the cue vas followed after an interval of 100, 500 or 1000 millisec by
2 bright asterisk ocoureed on the cued side 80 of the tise (valld
tedals) and on the uncued side 200 of the tise iovalid teials) on the
uncued side. In uncved blocks the cue was omitted and only the target
occurced efther 1100, 1600 or 2,000 millisec after the previous
tesponse,

In the dual task condition one of tvo sacondary tasks vag added to
the primacy task, One secondary task involved phoneme detsction,
Subjects were requized to mnitor for the phonese 'p’ in a list of
words, Specitically, mbjects weee played & tape with 30 Lists of 20
words each, These Lists wete spoken by & native speaket at & word
presentation rate of approximately crie vord per two saconds, Only
nouns were used, In each 1ist one to seven vords began vith the
phonens 'p’, Imaedistely, after the last word of a 1ist vae
proncwnced, the comand ‘stp’ was given which indicated that the
visual detection task vas to be inteccupted and that the last ites of
8 list of words had been presented, After the 'stop' comand, the

H

patient vas asked hov aany nouns on the presented List of words had
bequn with the lettec 'p', This vaa followed by & silent 1n§ewal of
appraxinately three seconds within vhich the subject was cequired to
topoct the musber of vords that stacted with the phonene 'p',  Aftec
this, 8 "ready’ command vas given indicating that the visual detection
task ¥as to be contimued and that a nev List of vords vas to be
peesented.

The backvard counting task vas siailac, Bach block of trials was
initiated by a tvo digit nuber from which the patient counted
backvacd by one, In the dual task blocks orienting trials were
conducted during the counting process, After 15-20 trials a rest and
nev digit palr was given,

Pecformance on the phonese onitoring task alone vas ascertained
in separate blocks for £ive of the patimnts,

Proceduze - Each subject vas o in all of the conditions ina
single session, At the start of the session they were introduced to
the phonene of backvard counting task, They then received edther
thees blocks of no coe teials followed by theee blocks of cusd trials
ot the reverse (the order vas comterbalanced across mbjects). Each
block consisted of 100 trials 4 no cuas vace Jvolved and 300 telals
for cued blocks, Within each set of thres bloclu' and 2BA design vas
used 50 that virual orienting alone cane both before and after the
dual task block.

12
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The counting backvard task was run on flve patients peiot to use
of the phonene sonitoring task, This vas done in a single sexaion and
Aly cud teiad ~lock wera vaed,

1

Results

The zain tasulte of the experiment are in teras of reaction times
for the apatial attention task vhen perforsed alone and {n conjunction
vith the sonitoring task, The median RTs for sach condition v
calulated for sach sbject. AL RTs loas than 100 millisec or
greater than 3,000 millises vere axcluded, but these raprasented lem
than 14 of the trials, Ovecall rosults weca quite similar for the
teials in which thace vas & 100 eidlisec delay folloving the cue and
foc trialn n vhich the delay vea longer. Since 2/3 of the trials
wete nun at the 300 adllisec dnterval and these teiala ate feee of my
oye covements they seem soet apptopeiate for discussion, While the
NOWs coported include all delay intervals we diocuss the lenger
intacvals only in thoss cases vhece interval interacted vith other
oftucts,

The overall data from the primacy task with phoneme monitoring as
the secondary task van cast {nto an two sepacats analysas of varianca,
oo nvolved the patient groups and had side of lesion an the between
subject condition and attention (focuswed va'divided), cue (valid,
invalid, no cue), visval field (ipallateral vi ct;nt:a Latetal to
lesion) and interval (short vs delayed) ae the vithin subject
variables, A second analysie dnvolved only the control subjects and
had age as the betwsen subject variable (0 old and 8 young) with the

u
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same set of within subject variable except that visusl tield vas now
Lot wetsus cight, The set of data fren the five subject vho counted
backvard vas also sumarized bt not analyed statistically,

Pquee | shows the valid and invalid teials for sach of the

Insart Plguce 1 uce

four subject groups whan doing the prisary visual orlenting task by
itself, ALL foir groups of subjects shov an advantage of valid over
fmvalid teials, ™o facts sarit further discussion,

Plest, both left and cight sided patients shov sackedly lacget
advantage of valid over lmvalid tcials vhen the tacoet {s
contcalatecal to the Jesdon than vhen it i ipsilatecal to the lesion
(cus X side ntecaction F(2,14)e 9.3; p¢,01), This has been previowsly
cepocted (Posnac, ot al, 1964) and called the extinction Jike reaction
time pattern, since it i sinilar o the clinical phancaancn In which
patients niss contcalatersl signals vien they cccur simultaneously
vith ipsilateral signals (extinction), Left and right sided patients
both show nommal validity effects on the ipsilateral side but markedly
larger effects on the contralateral side, Both growps of patients
also shov Jonger reaction times on the average a{ the contralateral
side,

Second, the o cue condition gwerally glves RTs faster than the
valid cue condition, This ecurs despite the fact that the cue

15
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peovides & varnlng signal on all trials and for valid teials it
peovides information on where the taget will ecue, We dincuss this
result in pore detall Jater (oee page 000, In addition, cight sided
patients are worse on the contcalateral side in the no cue condition
than ace the other groups, This ds also true, but to & lessar degres
for ipsilateral tacgets, With the exception of the o cur condition
the other corults are sinilac o vhat v have rapocted previously,

W nov tum to the dusd task pecformance, Mve patients were nn
in the phonese nonitoring task by itself as wil as together vith the
min task, The mean paccentage of twenty tedal blocks in shich thele
roport of the maber of phonenes detected was cotcect vas 60 vhan
perorned alone and 36 vhen conbined with the visual task, Por four
patients no mpatate blocks of phonese nenitocing alone vere collacted

and these patients had & mean of 70V datections in the dual task
blocks,

Insert Pig 2 hete

Figure 2 {1lustrates the effects of divided attention upon valid

-and dnvalid Rs in the spatial task, In Mgure 2 the results are

shovn for patients using the phonese mondtordng task (uppet two lines)
and the counting task (1ower two Jines). Thece {s a poverful main
effoct of dividing attention on phonene mondtoeing F(1,7js10.5,p¢.0L),
and attention intaracts with the validity condition such that with

16
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dlvided attention there {0 no valldity sffsct for either task, This
1o the one placs vhere Intarval intscacts significantly, Thare isa
strong cve by intecval interaction F(2,14)e6.0, p¢ .01, This Is
{Llustrsted in Pigure 3 vhich shova the effect of divided attention on
cue validity for the phonese monitoring task at the Jeng delsy
intervals, While the di~ided attention condition abolishes the
validity effect at 100 millisee, it Ls cleacly prosent at the longe:
delays. Thus the effact of divided attantion is to delay the pecsona
ability to shift attention to the cue,

Insact Hg 3, here

Nomal subjects may oc may not shov similar peoblens with dlvided
sttention. Plura 4 shovs the sane results for old and young nomals

Insact Mqure d, hece

in the phonene monitocing task (sodid Lines) and for young normals In
8 previously teported study of counting backwards by thress (Posnar,
Cohen, Choate, Hockey & Maylor, 1984). 1In all cases thece ate offects
of attention on prisary task perforsancy, m.r. for phonene
ronitoring thare 4s clenely mo effect of divided attantlon on the sise
of tho differance betwesn valid and {nalid teials, Mhen wo oxanie
the counting backard task repocted by Posner, Cohen, Choate, Hockey
1

and Maylun, 1984 ve ind & much lacgae effect of sttention on the tav
teaction tines and also 8 clsar interaction vith validity of the same
type a8 found in patients, In sddition, Maylor (1983) has exanined
the saze prisacy task vith counting and has shown that one may of my
Mt observe an interaction vith validity depending upon the Jevel of
practice of the subjects,

The results {1lusteated in Plquea 2 and 4 show that appeopriate
conditions divided attention can delay the ability of the tue to drav
attention sufflciontly so that nejther normals ne; patiants shov 2
validity offact at J00 millisec. This suggests that the spatial
orienting systen muat shaca seme oparations {n comon vith the two
seccndary tasks, cousing a delay of orlenting vhen they ate
sufficiently difficult, 1t should be boene {n mind that oclenting
toward a peripheral cue appeats 80 be quite automatic in wy
situstions {Jonides, 1081}, Thus it is quite steiking to see o loms
of the validity effect for the patients at the 100 =illimc intsrval,

One aight acque that the patisnts usa the cwe normally under
divided attention conditions but o effect i shown because the
language tasks delays the key prass output. This view would regard
the cue effects as being lost because the delayed response tine allovs
the subject to shift attention from con to urqut' without it shoving
in B8, This'view cannot explain the presence of a validLty effact in
the longer delay triels shown {n Piguts 3, In this cendition thete is
StiLL a delay {n BT due to the secondary task but now 8 validity

1
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otact anly 1 clacly prosnt, 1 the secndary tank exuced th
valldity effect by delaylng output in the 100 millisee trlals cne

-+ vould have to expect a similar offuct ot longer intervals since the
overall delay in RY due to the dual task in still present. Ingted it
appeacs that. the longer Interval provide a differantial advantage oo
valid triale an one vould predict 1€ the secondary task retarded the
patients ability to use the cu,

Wy should patients not orient to the wue at the gheet tntsrvals
in the dual task blocks? Clancly this must be due to the fact that
they ace engaged {n processing the lanquage task, 1 orienting to the
secondary task uses the sane pariotal aysten ag visal spatial
ocienting the patients should have specttic problens with nwalid
contealateral tazgets, tvidence for an extinction 1ike reaction tlne
pattern at 100 nf1disec follovs both from the viev that the patient
has orfented to the cue but camot tespond because of the sacendaty
task ot £con the view that orlenting has ok taken place because the
Language task 18 engaging attention and uses the sane parietal
machanisn that 18 used for visualespatial attention,

Piqure 5 displays the 'ntqnmcmt teiple oder {nteraction
between validity, attention and visal fleld (e ?.5 (2,14) i.05,
The result indieates that wnder focunsed attention conditlons thare
ate greatly langthenad BTs for contralateral {nvalid teials
(exinction-1ike ceoction tine pattern), but there 18 no evidence of
this under divided attention conditions, Thus attending to the
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secendary task delays ordenting, but dows not do 80 by engaging the
pacletal systen,

Insert Tig 5 about hete
Discussion of Experisant 1
S0 far Little has been said about the tvo drasatic tesults
obtadned in the no cue condition, Pleat, the no cue blocks qenerally

give faster A8 than the valid tedals for both normals and lefs aided
patients. ty should this be 1t, as wo have argued, th advantage of

valid ovat {mvalid teiale 1s due to the presence of attention? Surely

out view veuld hold that valid teials should be better than those
vithout cues. This s pacticulacly troe beceuse cued toials allow for
increaund alecting as well as for the advantages of selective
attantion to the cued Jocation,

o vt at Erat very purzled by these results, Subsequently w
have come to view thea (n 1ight of the "emergent propecties’ arquent
(Duncan, 1982), In o simple KT task subjects often adogt & ceitericn
of cesponding to any enargy change, This works ag loog a8 thare are
ho eventy to which they must ishibit & response, 'llwmr. in the cud
paradiom one ust vithhold 8 response to the cue, This could serve to
taise the critorim for blocks in vhich there ace cuss ovet those in
which no coes ate given, We ghould be able to vary the telationship
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between validly cued and o cue trials depending upen whather they
oceue in adxed blocks vhete a simle ctiterion mioht be adopted of
pure blocks {n which diffacant eritaria would be allowd,

e second dramatic rasult was the oot parforaance of right
sided patients {n the no cue condition, Right sided patients aca
cloarly worse than rormals and deft siced patients in the no cue
condition while they agpe virtually identical to the other groups on
valid trials. Moreover, v {n compacison with thelc own performance
on valid trials cight sided patimnts are poot in the no cue condition,
Hed 1oan haa proposed that the eight headaphere {0 spectalized for
deousal and that vhen it s dup to the hypoarousal resulting from its
danage that such patients have spectal trouble n control of
ordanting, Our tasults suggest that left and tight sided patients
hve equal probless with & sengaging attention to deal with tatgets,
bt r.hly taise the possibility that cights also have special probles
vith reintaining alertness, This idea {s baged wpon the supeosition
that since no cue trials do not provide o warning subjects must act to
maintain a high leval of alectness i¢ they are to sustaln fast g,

I they fall to do 50 thelt pecforsance will guttar in the ™ cue
condition, I¢ rights have difticulty in naintaining theit alertmess

vithout & varning theit pecformance would be at » special disadvantage
in this condition,

Bxperimnt 2

i)

In ocder to test ut conjectures about the natute of the dats
Provided by the no cus condition we desigmed an additienal set of
experionts vith young nocmaly mubjects, He flest tegted the idea
that the relative spaed of no cue va valid tedals depended upan the
loval of aloctness of the subject, T o this w compared blocks of
tedaly dn vhich the tine folloving the pravious trial vas %00 lldinee
(neacly cptimal for alertoess) with 5,000 mllicec () suboptinal
{nterval for saintaining alectoens), In 4 second epezinent w tested
the {dea that the advantage of no cur over valid teiuls depended on
oopting a lov criterlen duclng no oue blocks. We did this by
cooparing blocks in vhich no cun wnd coed trdals vere randeeized 4o
that no special critarion could be chosen for the no tue trials with
pure blocks 18 shich only o cue of cnly cusd trials wes given,

Method

Bepecinent 22 conslsted of 12 young normal mbjects n for b
hours each, In experieent 20 subjucts wre run {n four pute blocks,
For tvo of the blocks the time folloving each tefal bafore the pest
teial began vaa 500 aillisec and for two it vas §,ooo milline,
Within sach condition one block eonsiatad of no cue trials in which
only 2 target vas prasented and the other block consigted of cued
trials (000 valid and 200 {mvalid) in which the target folloved the

2

2b



¢ue equally often after 100 and 900 aillisec, Each block had 100
telals,

eporinent 2b conslotad of 10 young norsal subjects rwn In o
alnglo one hout sesaion, The axperinent vas alniler t0 20 aacept that
o0ch subject tan in tvo mixed blocks of 160 telale, Within each ained
block thare wera 96 cued telale (800 valid) and 64 (uncued tefela),
One adxed block wes run with 500 adllisec delay folloving the cesponse
(high alort) and cne with 8000 atllisec delay (lov alect),

Nesults ' -
e tosulte of expeciment 2a ot show in Plgure 6, The
Ingect Mg, §

pattern of results ot high alartness vas quite eiiler to that found
with normel Bs and laft alded patients in Mguee 1, XT3 were fastet
in the no cue condition, (ntermediote in the valid coe condition and
alovest in the invalld cus condition, The low alertnass condition
showd 0 pattecn muh moee Like the right alded pitlents, The valid
teiale are nov alightly faster than the no cus condition vith the
{ovalid cu teiels the slowest,
3

A atatistical analyaia of the ovarall data shoved significant
ottacte of alartrase 1(1,10)e8.2, pa08 valldity r2,22)e11.1, pelly

. Intarval (1, 10)e60,3, pe,0L the Intaraction of valldity vith

Intorval F(1,18)el0.8, pc.00 and the triple order {ntecaction of
Mlectnans and valldity vith dntarval N2,32)e3.4, .01,

The dntarection betveen adectrase and validlty shown in Pgure 6
¥a0 true at both intarvale but vaa etronger vith the §00 millieec
interal, Thie {0 mainly because the no cue telale shov 0 mallet
Inpeovesant with interval than do the cue telale; aince thets fo no
wrning elgnal to mack the tast of the telal, PMguee 6 makes it
appear 00 though alectness afteets ate prasent for both o o and
imvald tefale, In fect whie 11 of 13 ubject have longer Rfs In the
lov alart 0o cus condition than iy the high alect no cwa condition
only 7 of 12 show an edartnens advantage for {nvalld telade, Thus in
2 pure block 6! cued trlale mijacts appear to compansate for the
suboptinal alerting quite wll, but mot {n a puce block of wncued
teiale,

The casults of Experiment 2b oce shom in Hgure 7,
Insect Mgura 7 about et
In this expeciaent alertness, {nterval and Cue condition all had
significant atfects, Thers 1s also o ce by interval {ntaractive due

to the latge Laptovesant in M8 vhen o cue Is peasent p¢,0L, In both
H|
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the alsctness conditions there 1s an advantage of the vadid trials
over the {nvalld and no cue telale, The no cus triale have soomhat
longet coaction times than the invalid trials pacticularly {n the Jov
alertnsss conditlon, In conpating the two experizante it is clear
that adxing the block produces a specific Jisadvantage for the no cue
triale,

Discussion of Bxparizent 2

Thesa cesults {llustcate the complexity of events that ocour even
In the relatively sisple conditions of Experiment 1, Appatently the
reaction time to a cued event depends in part vpon the vatning
proparties the cue provides, in part upan the Jocatlon information
provided by the cue, and {n part uon the {nhibition produced by
taising the ceitecion to cosist cesponding to the cue, Comparing
valid to invalid teials allovs one to hold the alerting and etiterion
offects relatively constant 50 as to comare the directional effect of
the cue.

The two expecinents guaerally confimm our conjectuce that the
advantage of uncued tedals for normals in Bxperisent 1 results feom
adepting & lowec criterion for these blocks, Apﬁmtly this s done
based upon the propecty of the block and is not done, of at least not
a8 wil, on a teial by teial basis, This follovs from finding that in
nixed blocks no cue trials are much vorse than valid teials, The

L]

tosults aleo puggest that right sided patients have difticulty in
zaintaining & high snough leval of alertnsss to pecform wll when a
varning signal is absent, PN another vay, the cight sided petients
fail to lover thelr ceiterion for no cur blocks, Simce alertness
eftects usually rasult in changes in ceiterion these two statsnentds
ney be equivalent, Our cesults vith normals fuggest that 2 failure to
saintain alertuss vould account fot the poor perforsance of tignt
sided subjects {n the o cue trlale since thay resenble porformancs of

normals at & Loweeed lovel of alecting (nduced by 2 muboptiml

interteial interval,

1t 40 also possible to ask vhether normals show any diffarences {n
Alerting vhan cues ace prosented dicectly to the tight healsphere,
Proviously (Heilsan & Van Den Mbell, 1979) have sugoested that cues
delivered to the right healsphere from the Jeft visual £ield would
tesult in faster K5 than those that go directly to the left
henlsphacs. Figute 8 shovs BT fron Bxperinent 2b as a function of
vhich henisphate flest cocelves the tacget and/or cue, he lover tw
curves ate foc high alectness conditions vhile the upper two ace for
Jow alectnase conditions.  When o varning elgnal {s provided subjects

Inssrt Flguee 8 about hete
bave only the tiae fron the last key press as mrking the stact of a

telal, Por varning dntervals of 100 and 900 millisec ve plot only
%
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valid telals vhere both cve wd tacget go directly to the sane
besiaphece. The ANOVA £or this beeakdown shows that the caly
siniticanc effects sre thow of slectness and varning interval,
There is o szall but non-significant trend for the left head gphece
tacgets to be bettec under the high alect conditions than cight
headsptire tacgets. This trend 18 dn the opposite dicection from viat
vould be predictad from o right hemdighare advantage for dlurtimg,
Thare s no hint that the alerting funetions ditter for the two
healspheres, Thus vhile out patient avidence sugests that right
headsphece desage has a geeat affect {n maintaining alertness they do
ot confirm that this effect can be found dn norsals by vatying the
location of the vaening cve,

Conclusions

Pacietal Defleit

The ptesent experiaents coofimm provicus findings concerning the
visual-spatial attention systen, When the attention of patients with
paciatal lesions is cumoned to s visual cur they have & powertul
deticit in bandling contralateral targets, When stiention is at the
coed ocaticn o she the tacget 1 feilatarl o te Jrkn, & mch
walles or no deficlt over the po:!omu' of age related centrols i
found. This stcongly sugoests that the daficlt due to pariatal

losions 18 specitic to the abllity to disengaoe from o stimlus once
attention has been comitted,

]

The cutrent study indicates that the right and left parietal
lobe aro symatric foc this function, because the advantage of valid
over {nvalid teials io ainilar foc the two groups (see Figune 1),
There ace & mmbec of clinieal and axpaciomntal findings (De Ranzi,
1992) showing that right sided patients shov nore deasatic ftacts of
paclotal losions in the spatial domain, Qur curcent data suggest that
these deaatic diforences tay result frca factors other than the
dicectional opataticn of the paietal lobes (sen alacting below).
Indspandent Nodule?

Vigual spatial attenticn is one form of selectivity by vhich
inforaation reaches srea(s) respomaible for consclous taport, Th
parlatal dasage sust {nvolve only a pathway involved in reaching
coniscioun report, This i established by the relativaly intact
pectomance of these patients once attention has besn suomoned (vali
telals) aven o a tacget location vhich is contealateral to the
losion. Thus scme systen can conpensate oz the relative
inefficioncy of the dumaged parietal Jobe, arguing that higher Jovel
attentional systems must be in tact,

Hov doss this visl-attention pativay relate to pathways dnvolvd
in dealing vith othee aspects of attantion? Expecimnt | shows that
processing Lanquage stimli (phoness menitoring o'r conting backvard)
Gelays ocdenting to the spatial cue, Since the gt of ocienting
requices no overt movement that might intecact with the secondary tagk
1t seems cousonable to suppose that attending to non-spatial stimli

B
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intecfeces directly with the system that shifts visual attention. We
know from much other work on interference effects (Fosner, 1978) that
tasks like counting backward or phoneme monitoring also interfere with
most other types of cognitive operations. Moreover, this interference
is quite time locked. It is not as though the secondary task
completely inhibits the attention shift it simply delays it so that
what is usually quite strong at 100 millisec is no longer complete in
that tise. In addition the secondary task performance itself suffecs
from competition from the primary attention shifting task. These
properties suggest that there is a cosmon command system needed both
to issue commands to produce spatial orienting and for some aspects of
monitoring (e.g. incrementing the count when a target occurs) (Duncan,
1980).

If one accepts the inteference effects found in the visual-spatial
orienting task in cur patients as evidence for such a common attention
system what can we say about this system? Our main finding is that
the anatomy of the cosmon system must be different than that found for
the visual-spatial pathway. .This is because engaging the subject in a .
language task produces no specific deficit for targets contralateral
to the lesion. Since it appears that damage to the parietal lcbe
manifests itself in a specific deficit in dlunga'ging to deal with
contralateral targets it follows that the engaging attention to the
language task must not involve the parietal mechanisa involved in
visual-spatial attention.
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In short our evidence favors two distinct neural systens a specific
visual-spatial system involving the parietal lobe and a more general
System common to both visual-spatial and language attention. It seems
likely that the more general system operates as a command system to
allow orienting of visual-spatial or other forms of attention. Since
we krnow that the failure of the visual-spatial system means that the
patient will be unaware of the target it appears that this second
systes may be responsible for the specific opera:ions underlying our
ability to report the stimulus subjectively.

From previcus work in cognitive psychology (Maccel, 1983) it
appears that under some conditions a stisulus may be processed quite

. deeply including producing semantic activation without subjects being

aware of the stimilus. In anatcmical terms this suggests that a good
deal of processing by posterior areas of the brain can occur without
the subjects being conscious of the event.

The visual spatial parietal gystem is closely connected to
prefrontal association cortex (Mesulam, 1981; Schwartz, & Goldman-
Rakic, 1984). Moreover, when areas of the posterior parietal cortex
are active metabolically during cognitive tasks there is some evidence
that corresponding areas of the frontal cortex are also active
(Rowland, 1985). These findings all suggest that .nnu of the
prefrontal association cortex might be of special importance to the
common system we have been discussing.
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Metting

How do the results concarning alerting 1t into the operation of
selective systeas? Pleat our experinents shov that alecting eftects
are quite independent of the direction of attention, This viev arose
£iest based on expecioents pecfored many years ago {n vhich the
offacts of prives and vamning siqrals vere shown to have additive
offacts on improvemsnt in ceaction time (Posner ¢ Boles, 1971), At
that tine it vas pointed out ‘that the soucce of alerting effects s
1ikely to be subcortical arousal systemy since E25 evidence of
alecting vas found in both healaphere of split brain monkeys even vhen
the signal went only to one hedsphare (Hillyard ¢ Gaazanige, 1973),
These subcortical systens influence ltinﬁus processing by acting on a
highet level attention systen rather than upen input pativays (Posner,
1975), This arquent vas based on the evidence for a critecda shift
because error tates increase usually accompany the fastsr Ry to
warning signals,

Our curtent data extend this viev by shoving that right sided
patients have special dificulty in maintaining a high level of
alectoons during a brief delay between telals, ﬁtl difticulty doss
not affect thelc ability to use vaning signals or thele ability to
shift attention in the cued direction,

i

In clinical tasks and daily life right sided paticits cften
nanifest moce sevare spatial effects from lesions than do left sided
patients. Recall that deficits in alecting affect higher lavel
attention systens not the activation of pathvays by which information
is accumulated (Posnac & Boles, 197); Pogner, 1978), In torms of our
presant arqunant this wuld be an affect upon the attention command
systen rather than or more strongly thar upon the directional
selective systen, The consequence vould be .o make more Sluggish
comands to activate the posteior system, In that case vithout the
presance of specific cues the cight sided patients might show 2
deficit perforsance {n natutal and clinical situations. In accord with
this possibility recent evidence has accumlated that the right
henisphere may be closaly involvad in the arousal of cortex by
norepinepherine and serotonin than is the left healsphere (Tucker ¢
Wi1liamson, 1965).

Hedrarchical Disteibuted Natwork

Mesulon {1981) has attempted to distinguish between several vievs
of hov brain systens function to control spatial attention, Thase
genaral vievs are vhat he calls conter theories, }tetwrk theories and
vholistic theories. The center theory teqards spatial attention as
the propecty of a single system, The etwork theory views components
of the function as assigned to quite distinct neural systens, The
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istic theory regards sttention as a genersl property of the brain.
data he reviews favec 8 network theory. Our data also support 2
ork approach. The anatomical sepatstion between the visual

sl sttention system and the higher level common system argues
nst a single center. While the degres of anatomical specificity
4 for visual spatisl sttention scques sgainst any wholistic view,
ver, out findings suggest two additions to Mesulaa’s view,

First, we are in s position to specify what the cosponents ate
the sizple act of covert orienting of spatial attention. The
onents consist of disengaging sttention £rom its current focus,
ng attention and engaging the target. The disengage function
ars to be controlled by the pacistal lobe when disengaging from s
al/spatisl location is involved but not in cases when disengaging
) other cognitive operations. The "move® functior is sffected by
rain lesions vhich involve the superior colliculus among other
s (Posner, Choate, Rafal, & Vaughan, 1985). These midbrsin
ictures also show the property of cesisting reorienting to an
ady attended location (inhibition of return). In the cucrent
ly we show the role of a ﬁwm: level attention systea in producing
signal requiced to engage visual/spatial sttention. When this
1ec level systes is already occupied there u-a clear reduction in
efficiency of engaging a visual location. We can only speculste
. the attentional system, common to language and spatial location,
>ably lies anteri-r to the parietal system and includes the areas
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of the £rontal lobe which have besn shown to be closely connected
anatomicslly to the parietal system (Mesulam, 1961).

Our results fsvor s second podification of Mesulan's network ides
which night be called a heirarchisl natwotk. We £ind that some neural
systeas relsted to attention seem to coordinate ot control the action
of other systemss Thus within the visual spatial system the paristal
mechanism must act to disengage sttention prior to its being moved to
the target. The midbrain centars shown to sffect the "sove cperaticn”
thus ste controlled by the operation of the cortical centers
tesponsible for the "disengage opsrstion.” Similarly it sppears that
the postecrior areas responsible for spatial orienting as a whole ate
controlled by a higher level system.

We believe that such a heirarchical network viewpoint is very much
in accord with the general spirit of findings both in neurophysiology
and cognitive psychology. In neutophysiclogy the cperstion of higher
centers which act to tonically inhibit lower systems and sct through
fesdforvard mechanisas to procuce phasic potentiation of sctivity sre
well known principles of the organization of nervous systess
(Mountcastle, 1978). In cognitive psychology, cantral sttention
theories offer 8 necessary means of coordination amng a mmber of
seni- independent codes which ace activated by in‘pat (Keele & Neil,
1978; Posner, 1978) Treisman & Gallade, 1980).

Thece ace machanisas of selection within each sensory systen
(#illyard & Rutas) Neatanen, 1982) which serve to gate saoe
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ormation and potentiate other information sources. At the level of
~cortex information from different uansory systsms (e.g. vision and
iticn) mist be integrated vhen it celates to the same cognitive
tea (s.g. spatial locstion, cbject identificstion, language),
eed ve (Poaner and Henik, 1983) compared the effectiveness of
muli in producing sutual interference and facilitation when both
o within the saze modality but in different cognitive systems with
n they vars vithin the same cognitive system but in different
alities. Our results show that, at least in the circumstance of
test, stimli within the same cognitive systea produce more sutual
sracticn than those that shate only input modality. This point
ues for a level of selection that integrates ssparate sensory
teas.
It seens reasonable to suppose that stimuli in different
nitive systems (e.g. language and spatial location) must also be
rdinated at scoe level. The current results show that the
nciple of distributed but heirarchical natworks can be applied to
8 probleas. Although the disengage operation appears specific to
hanisas within a cognitive system, there also appear to be a
ecal cross-cognitive system mechanism that is required to permit
ection to occur within any one cognitive lyltl.l- ¥hen this central
hanism is engaged in a language operation there is a clear
uction in sfficiency of spatial orienting. The heirarchical
work idea allows us to see vhy damage to particular location in the
35
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NS produces deficit in operations specific to one cognitive system
(e.q. spatial orienting, lanquage) while damags to othsr locations nay
produce nore widespread attentional deficits that sre not specific to
any cognitive system.
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