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In two experiments wexploredthe patterns ofttention to semantic and
spatial information inyounger adults,older adults, and patients with
Alzheimer’'sdiseasgAD). In the first experimenta semanti@riming task
measured agexnd AD-relatedcchanges inattentionalsensitivity tosemantic
information. In thesecondexperiment, the semantigriming task was
modified to additionally serve as apatial inhibition of return (IOR)task.
The conbined semanticand spatial taskmeasured (a) agend AD-related
changes in sensitivity to spatial cuges well aso semantigrimes,and (b)
interactionsbetweenthe networksthat subserveattention to semantic and
spatial information. Theresults of both experiments revealed group
differences inthe utilization ofsemantic primes as a function pfime
validity, suggesting that botblder adultsand AD patientswereless likely
than youngemldults to generatecontrolled attention-dependergxpectancies
for semanticallyrelatedinformation. Spatial 10Reffects in Experiment 2
were evident inthe performance ofall three groups, butwere of reduced
magnitude in AD patients. Younger adults’ performareflectedinteractions
betweensemanticpriming and spatial cuingeffects. Thesdindings are
consistent with conclusions thé) selectivity via semantic primeand via
spatial cuesreflect separatattentional mechanismand (b) semantic and
spatial aspects of attention are mediatedby different but closely
interconnected neural networks.
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Multiple aspects ohttention arenecessary fosuccessful settion and
utilization of visual information, including alertnessor upcoming events,
spatiallocalization ofvisual stimuli,and discrimination of stimulielated and
unrelated to currergoals.Researcladdressing chameg in skection abilities
have documented that certain aspet attention argelatively preservedvith
both normal aging and Alzheimer’'s diseg#d), while other aspects are
compromised (seeeviews by Hartley, 1992; Madden & Plude, 1993;
Parasuraman & Haxby,993; Perry &Hodges,1999). However, selection
processes are infrequently assessed concurrently (Gunter, Jackdatdes,
1996; Hartley, 1993; Rerry, Watson, & Hodges, 2000Rizzo, Anderson,
Dawson, Myers, & Ball, 2000). Simultaneous assessment different
selection processesallows exploration of the relative resistance or
susceptibility of thesgrocesses tthe effects ofaging anddisease Direct
comparison reducebe influence oftask differences and subjecriability
and allows stronger inferences regardinghe source of dissociations in
performance.

The present study focused on two processessefection:(a) attention
to semantianformation and(b) attention to spatiainformation. The neural
bases fothe processing othese type®f information appear to bat least
partially independen{David & Cutting, 1992; Mecklinger & Meinshausen,
1998; Wilson, ClareYoung, & Hodges,1997),with spatal processing being
more dorsally-based (e.g., parigaadas) andgemantigorocessingoeing more
ventrally-based (e.g., temporareas). Someevidence suggests that the
attentional networks associated with thigges of informatiorprocessing are
alsolargely independent (Darkjochatzer, & Vanvoorhis, 1996; Posner &
Dehaene, 1994; PosngiPetersen1990). The potential separdity of these
types of attention suggeststhat the processes underlying themay be
differentially affected by agingnd AD. The followingsectionsaddresshese
two types of attention, as well as the effects of aging and AD on each.

Attention to Semantic Information

Attention to thecontext-appropriate meanings wbrds andsymbols is
necessary fothe successful execution of mangrbaland visual tasks. The
cuing properties ofsemantic information enhanceanticipation for and
comprehension oflubsequentlypresented informatior{such asthe first
words of asentence cuinthe lastword). Semantigpriming tasks assess the
cuing properties ofvord meanings by presemg pairs of words underalid,
invalid, and neutral priming conditions. In theidatondition, a target word is
preceded by asemantically related prime word (e.g., the wdadbctor”
preceded by the wordnurse”). In the nvalid condition, the target is
preceded by a prime word thatisrelated to theurrent targe(e.g., the word
“doctor” preceded by the word “shoe”). Finally, in the neuta@idition, the
prime stimulus is a nonword oa word thatevokes no particular meaning
(e.g., “XXXXX” or “blank”).

If attention is directed to the meaning of the privad, responses to
the target wordshould befaster inthe valid condition han in the neutral
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condition, becauseattentionalprocessesare thought toinfluence activation
within the semantic network sloat related items receive enhangedcessing.
On theotherhand,responses tthe target worghould beslowedwhen it is
preceded by an invalpgrime word because attentiomust be disengaged and
redirectedfrom the expected meamgnof the word. This facilitation and
slowing in performance due to valid anavalid primes has beentermed
"benefits" and "costs," respectively.

Caution must bexercised in interpreting benefits aoolstswithin the
semantic priming task in terms of attentional processing, because research has
shown that two separate processes contribute to semantic priming
performance(Neely, 1977; Posnel& Snyder,1975): One is a camolled
attention-dependemrocess, anthe other is amutomaticactivationprocess.
The controlled attention-dependesribcessinvolves conscious allcation of
attention toareaswithin the semantic networkbased onprime-generated
expectanciesParticipantsgenerate expectancies when they learn that prime
stimuli are regularly pairedwith semantically related targedtimuli. The
conscious strategy to expect a target woroke related to the primgord, and
to prepare aesponseaccordingly, facilitategperformance(i.e., a benefit is
experienced)when the prime isvalid. However, expectancies inhibit
performancdi.e., acost isexperiencedwhen the prime isnvalid, because
previous pairings cause the presented target to be unexpected.

The automaticactivation processinvolved in semanticpriming occurs
without consciousawarenesdnstead,activation of asemanticrepresentation
of a stimulus spreadsautomatically within thesemantic network to closely
associatedvords and concept®utomatic activatiorfacilitates performance
when words are related, but itcannot inhibitperformancewhen words are
unrelated. Therefore, automatic activatpmocessingaffectssemantic bends
but not semanticcosts. As aesult ofthe concurrentinfluence of controlled
attention-dependent expectanciesad automatic activation processes on
semanticpriming perfamance, attemptmust bemade todistinguish these
effects when examining the influence of aging and AD on attention-dependent
processes of priming.

Cetain task manipudtions encouragéhe development otontrolled
expectancies during semantic priming (Ne&B//7; Posner & Snydet975).
Based orthe finding thatcontrolled expectanciemre slowerto develop than
automaticactivationprocessesgi.e., it takestime to generate amxpectancy),
studies interested in invoking tluse ofexpectancystrategiesduring priming
have interposedn interval of atleast400 msbetweenpresentation of the
prime andthe targetDe Groot, 1984; Milberg, Blumstein,Katz, Gershberg,
& Brown, 1995; Neely, 1977). With suchdalay, both semantic bnefits and
semantic costs are evident in priming performance.At shorter delays,
participants oftendemonstratesemantic berfés but not semantic costs,
becauseautomaticactivation ofrelated concepts ifast anddoes no inhibit
responding. Inaddition to an appropriate delagterval, use of a high
proportion of validtrials encourageshe development of catled attention-
dependentexpectanciesbecause participantsoon detect the consistent
semanticrelationshipbetween therime and thetarget. Finally, instructions
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that delineateéhe semanticelationship ofprimes and targstalsoencourage
an expectancy strategy.

Although theabovemethods encouragthe development o€ontrolled
attention-dependengxpectancies, 8y do not preclude the influence of
automatic activation processes orpriming performance.Examination of
semantic costs versus semantic benefitshelps isolatethe influence of
controlled processes on priming performance, beceastsreflect controlled
attention-dependemrocessesilone,whereas benefiteflect theinfluence of
both automatic and controlled processes.Although there are giential
difficulties in obtaining a truly “neutral” condition (BalotBJack, & Cheney,
1992; deGroot, Thomassen, &udson, 1982]Jonides &Mack, 1984), the
neutral condition is instrumential distinguishingcosts frombenefits.With a
neutral condition, age- and AD-related changes in attention-dependent priming
effects can bassessethdependent of thénfluence ofautomaticactivation
processes.

Attention to Semantic Information in Older Adults

Under conditions faering automatic semantiactivation (short prime-
target interval, equal probability of Ma and irvalid trials), older adultshave
demonstratedemanticpriming effects(fasterresponses to targetsllowing
valid primes than to tgets following iwalid primes) thatwere similar in
magnitude to those of younger adults (Balota & Duchek, 1B8&e, White,

& Diaz, 1987;Chiarello, Clurch, & Hoyer,1985; Ober, Shenautjagust, &
Stillman, 1991; but also se&owles, 1994). This evidence suggeststhat
processes of automatic activation in semantic priming are unaffected by aging.
Studies thathave manipulatedtask conditions toencourage controlled
attention-dependentprocessing (e.g., long prime-target interval, high
proportion of valid trials, instructions delineating the prime-target relationship)
havereported significantosts asvell assignificant benefits in older atts’
priming performancgBurke etal., 1987; Chiarello etal., 1985; Hartman,
1991; but also seBalota etal., 1992; Milberg etal., 1995). Moreover,these
priming effectsweresimilar in magnitude téhose of younger adults (Burke
etal., 1987;Chiarello etal., 1985). Therefore older adults appear able as
younger adults talirect their attention towardnticipated semantic outcomes
based on learned prime-target relationships.

Attention to Semantic Information in AD Patients

Under conditions hat encourageprocesses ofautomatic activation,
semanticpriming effectshave beenshown tobe atleast as great in the
performance of AD patients as tha of older adults,and in some studies
have been even greater (Balota & Duchek1991; Chenery, Ingram, &
Murdoch, 1994; Mbes, Martin,& Horn, 1984; Shenaut &ber, 1996).
Therefore, automaticemantic activation processesappear intact in AD
patients. Fewstudies have inclaed the proper conditions(prime-target
interval over400 ms, high percentage of validials, aneutral condition) to
isolate controlled attention-dependgmiocesses inthe semantic priming
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performance of AD patiest Studies thahave irtluded such manipulations
have found that AD patients ardess likely to form controlled attention-
dependent expectancidsor instance,Hartman (1991) concluded that AD
patientsactivatedsemanticassociationsautomatically, as evidenced by intact
semantic benefits. However, patients failedto make use of semantic
information contained in primes to anticiptdeget words, as demonstrated by
a lack of semanticosts. Similarly, Chenery el. (1994) foundsemantic
facilitation underautomaticactivation conditions (short prime-targetinterval,
low percentage of related trials) in both older adults andpAfiznts,but they
found evidence of controlled expectanciesunder attention-dependent
processingconditions (prime-target paingepeated predictablgcross trials)
only in older adults.Albert and Milberg (1989) usedlong prime-target
intervalsandfound bothreducedcostsand reduced benefits in AD patients
compared to older adults.

Attention to Spatial Information

Attention to spatial information isnecessary forcreating mental
representations ahe environmentand for manipulating bjectswithin that
environment. Spatialues often exist irvisual scenes talirect attention to
items mostrelevant tothe task at handResearch byPosnerand colleagues
(Posner, 1980; Posner &ohen,1984; PosnerCohen, & Rafal, 1982) has
demonstrated that searching for task-relevant stimtdcistated when spatial
cues directttention to thaipcominglocation of astimulus(e.g., an outline
box bridly highlights the location of a sulegjuenttarget). However, search
performance is hinderedhen spatial cues prime incorrect information
regardingthe location of a targettimulus (e.g., an outlinebox highlights a
locationand the sbsequentarget ispresentecelsewhere)This slowing of
performance is thought t@sult fromincorrectattentionalshifts toward cued
locations, from which attentionmust be disengagednd redirected once
targets are presented elsewhere.

Another demonstratealtentional effect of spaii cues isinhibition of
return (IOR). In an IOR paradigm, after attentisndrawn by aspatialcue to
a peripherallocation, itis drawn away again before the targetis presented.
Targetssubsequentlpresented ahe peripheral locain thathad been cued
are detectednore slowly than targets presented a peripheral locatiorthat
had not been cuedhis pattern of performancappearsontradictory to the
spatial cuingresults describedabove. However, this slowed detection of
targets at cued locatioms thought to represent a consequencehef initial
withdrawal ofattentionfrom the cuedocations.Once alocation issearched
without a targt beingfound, thewithdrawal ofattentionfrom that locabn is
accompanied by an inhibitory taggiog thatlocation. Posneand colleagues
(Posner & Cohen,1984; PosnerRafal, Choate, & Vaughar985) have
proposed that IOR facilitates visual searchpbymotng preferencdor novel
unsearched locations.
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Attention to Spatial Information in Older Adults

Most evidence indicates thatittentional sensitivity to spatiatues
changes little with normal aging. The search performance of older adults is as
likely as that ofyounger adultso be (a) facilitated by patial cuesthat
correctly direct attention to the locationgarfgets, and (b)ihdered byspatial
cues that direcattention away from the locations oftargets (Atchley &
Kramer, 1998; Gottlob & Madden, 1999¢Greenwood, Parasuraman, &
Haxby, 1993; Nissen & Corkin, 1985).

SpatialIOR paterns alsoappear to be preservetith aging. When
attention is drawrirom a cuedperipheral locabn to acued centralocation,
older adultsare slowerto returnattention to theoreviously cued peripheral
location thanto an uncuedperipheral location.Age equivalence in the
magnitude of IOR effects is obseed on both detection tasks and
discriminationtasks(Hartley & Kieley, 1995) and with intrinsic aswell as
extrinsic shifts of attention(Faust & Balota, 1997). Additionally, older and
younger adultexhibit a similar temporal pattern ¢©OR (Faust & Babta,
1997; Hartley & Kieley, 1995).

Attention to Spatial Information in AD Patients

Findingsare mixedregardingthe preservation ofOR patterns in AD
patients. Faust and Balota (1997) usézhg interval rather thaa second cue
to draw attentiorawayfrom a cuedoeripheral location. Thefound that AD
patients, unlike older adults, poduced facilitated rather than inhibited
responses to targessibsequentlpresented ahe peripherally-cuetbcation,
suggesting a failure to intrinsically retuatiention to fixatiorbefore thetarget
appeared. Ircontrast, Danckert, MaruffCrowe, and Currie(1998) used a
similar single-cue paradigm anfibund intact IOR effects in AD patients.
With adouble-cue taska peripherakcue followed by a centraiue), which
promotes exinsic shifts of attention (Faust & Balota, 1997; Langley,
Fuentes, HochhalteBrandt, & Overmier,2001), AD patients exhibited the
same IOR pattern as older adudtsleast ora simpledetectiontask. However,
on a two-choice categorizatiotask, AD patientsdemonstrated reduced I0R
effects (Langley edl., 2001). Thissuggests thahcreasedcognitive demands
revealed IOR deficits associated with AD.

Other patial cuingtaskshaverevealedAD-related deficits in spatial
attention thatvary with responserequirements.Patients’ performance is
facilitated as much as that ofder adults from spatial cues thadrrectly
indicate the location of a sudxguent taget (Faust & Balota, 1997; Oken,
Kishiyama,Kaye, & Howieson,1994; Parauraman,Greenwood, Haxby, &
Grady, 1992; Wright, Cremona-Meteyard, Geffen, & Geffer,994).
Although shifting andengagemenabilities appearintact, AD patients have
greater difficultywith spatialdisengagementi.e., shifting attentionfrom a
cued location to a target location when the had incorrectly predicted the
location of the target) tharyounger adits on tasks thatrequire a
discrimination response(e.g., indicate whether the located target is a
consonant or avowel; Oken etal., 1994; Parasuraman ai., 1992). In
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contrast, difficulties with disengagement are not observed on tasks that require
only adetectionresponsge.g., press a bwbn when the arget is detected,;
Faust & Balota, 1997; Parasuraman et al., 1992; Wright et al., 1994).

Present Study

In the following two experiments, we examingthnges relateth aging
and AD in attentional sensitivity to semantic primes and spatial cuesiséée
a semantic priming task in the first experimenassess chaagin the ability
to attendselectively tothe semantic atbutes of a wordas a function of its
prime validity. We nodified the semantic priming task in the second
experiment so that it served as a spdtR task aswell as asemantic
priming task, withthe intention ofassessing changestime ability to inhibit
shifts of spatiahttention. The semant@nd spatial components of attention
tapped by the combined taakethought to belondgo independenattentional
networks,one associatedith attention tolinguistic stimuli, and the other
associatedvith spatial orienting(Fuentes, Carmona,Agis, & Catena,1994;
FuentesyVivas, & Humphreys1999a; Posne& Petersen1990; Posner &
Raichle,1994; Posner, Sandsobhawan, & Shulman,1989). Although the
attentionalnetworksare proposed to béndependent, it igossible that the
neural connections the brain areasnvolved in the two networkspermit a
coordination of semantic and spatial attention. Consistent with this hypothesis,
recent behavioradnd neuroimagingvidencesuggests thathe twotypes of
attention interact (Fuente¥jvas, & Humphreys,1999a,1999b; Lambert &
Sumich,1996; McCarthy & Mbre,1993; Stolz & Mc@nn 2000; Vvas &
Fuentes2001). Toillustrate, Fuentes etl. (1999a,1999b) found that IOR
affected semantiattentional processing ofstimuli. Both positive semantic
priming effects andlanker interferenceeffects were reversed wherprimes
and distractor flankers, respectively, weresented atpatially cued locations
(Fuentes et al., 19990Furthermoreattentionaleffects ofsemantic inhibition
and semanticfacilitation vanished wheratgetswere presented inocations
subject tolOR (Fuentes edl., 1999a).Theseresultssuggest thabne aspect
of spatial attention, IOR, interaatsth various aspes of semantic attention in
complex ways. Experiment 2 permits exploration ofpossible changes
associated with aging and AD in the interactibeveensemanticand spatial
processes of attention.

EXPERIMENT 1

In the two-chace semanticpriming task of Experiment 1,younger
adults, older adults, amkD patientscategorized targetiords asexemplars of
animalsor trees Targetwords were preceded by prime stimuli thatere
either semantically-validnamed the category ahe frget word),invalid
(named the otherategory), or neutrgXXXXX). To promotethe generation
of controlled attention-dependemxpectanciesye: (a) used atimulus onset
asynchrony (SOA) of 950 ms between the prime stimuluglatarget word
to allow sufficient time for expectanciesdevelop,(b) paired the prime word
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with an exemplar from its category on a high percentage (75%) of non-neutral
trials, and (c) told participantbdt the prime word namdte category of the
target word on most trials.

Predictions ofage andAD effects were asfollows: Because most
evidencesuggests thablder adultsare able toform controlled attention-
dependentexpectanciesor semantically-related worgbairs (Burke etal.,
1987; Chiarello etal., 1985;Hartman,1991),both older adu$ and younger
adults were predicted to respm more slowly tanvalidly-primedtargets than
to neutrally-primed targets (semantiosts). Incontrast, theperformance of
AD patients was predicteih reflectreduced costs, because AD patidrdge
difficulty forming ®ntrolled attention-dependent expectanc{@dbert &
Milberg, 1989; Chenery dl., 1994; Hartman,1991). All three groupswere
predicted to benefifrom valid primes (fasteresponses to validly-primed
targets than to neutrgdprimed targets) becaudmerefits reflect automatic
activation of related items as well as controlled attention-dependent
expectancies for consistently paired items.

An alternative pediction for the performance of AD patients was
derived from spatial cuing findings of AD-related difficulties in the
disengagement of spalt attention (Oken etal., 1994, Parasuraman et.,
1992). If disengagement difficuts alsocharacterize semantattention, AD
patients might bable toform attention-dependent expectandies semantic
information, but theyalso might be unabldo disengagettention when the
prime that initiated thexpectancy proves to be ifida(i.e., anunexpected
target is presented). According to thigpothesisthe RT performance of AD
patients, compared to that of oldelults, should bdisproportionatelyslowed
by invaid primes. Alternatively, the increase in error ratéom the neutral
condition to the invalid condition should be greater for AD patients, if they are
less able to stop expectancy-based responses to unexpected targets.

METHOD

Participants. Fifteen younger adults, 14 older adults, and 15 AD
patients participated in Experiment 1.Younger pdicipants were
undergraduatstudents fronthe University ofMinnesota. Oldepatrticipants
were sposes of ADpatients and/olunteersirom a reirementcondominium
near the university. AD patienteere referred by the director of the
Alzheimer's Disase andRelated Disorders Clinic at the University of
Minnesota Hospital All participantswere native English speakers. Some
younger adultgeceivedcoursecredit for their participation; the remaining
younger adults, agell asthe olderadults and ADpatientsreceived$15 for
participation in both Experiments 1 and 2.

Patientswere diagnosedvith probable AD by aneurologistaccording
to the guidelines of the National Institute of Neurological @dmunicative
Disordersand Stroke, and thalzheimer's Digase andRelatedDisorders
Association(NINCDS-ADRDA, McKhann efl., 1984). Ahealth screening
guestionnaire (ChristensefBowes, Armson,& Kern, 1992) identified
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participants with self-reported histories of physical or psychological problems
known toimpair cognition. Nohistories ofheart condition, stike, serious

head injury, psychiatric illness, learmg disability, or drug abusewere
reported. All participants had nornhaor corrected-to-normalvision as
assessed by a near visual acuity test. Median scores were 20/15 (range 20/15 -
20/25),20/20 (range 20/15 20/40), and20/25 (range 20/15 - 20/30) for
younger adults, older adults, and AD patients, respectively.

Four AD patients were eliminatedfrom the study for their RT
performanceas described irthe Resultssection.Table 1presentshe mean
age,years ofeducation,and scores onseveralpsychometrictests for the
remaining participants.Older adults and AD patients id not differ
significantly in age. There was no difference amthgthree groups igpears
of education. Youngeradults performedeliably better tharolder adults on
tests ofimmediateand delayedrerbal recall;older adults performeceliably
better than AD patrticipants al psychometridests,ps < .05 byt test. AD
patients’ scores otthe Mini-Mental State Examinatio(MMSE; Folstein,
Folstein, & McHugh, 1975) ranged from 17 to 27indicating mild to
moderate levels of cognitive impairment.

Table 1. Demographic Data and PsychometriesT Results §Ds in
parentheses).

Younger adults Older adults  AD patients

N 15 14 11
Age 23.2 (3.6)* 69.0 (7.6) 71.0 (8.2)
Yrs. of education 14.7 (1.0) 14.3 (1.5) 14.4 (3.9)
MMSE 2 29.5 (0.6) 29.2 (0.9) 23.0 (3.1)*
Verbal fluency b 14.5 (3.1) 14.4 (4.4) 10.3 (4.1)*
CERAD immediate recall ©

Trial 1 7.7 (1.2)* 5.6 (2.2) 2.7 (1.8)*

Trial 2 9.4 (0.6)* 7.5 (1.7) 4.1 (1.2)*

Trial 3 9.6 (0.6)* 8.4 (1.3) 4.7 (1.6)*
CERAD delayed recall © 9.2 (1.0)* 7.3 (2.1) 1.3 (1.7)*
Trails A (sec) d 24.5 (8.4) 36.9 (10.2) 72.4 (40.7)*
Trails B (sec) d 60.5 (30.8) 91.6 (24.3) 188.7 (92.7)*

4 MMSE = Mini Mental State Examination. MMSE scores range from 0-30, with lower
scores indicating poorer performance.

b Verbal fluency scores represent the number of words beginning with the letter “F”
correctly produced in one minute.

€ CERAD = Consortium to Establish a Registry for Alzheimer’s Disease. CERAD recall
scores represent the number of words recalled from a list of 10.

d Scores on Trails A and B represent the number of seconds required to complete the trails.
Maximum score was 300 sec.

* Mean scores differed significantly from older adults with ¢ test, p < .05
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Apparatus and Stimuli. Stimuli were presented on a colmonitor of
an IBM/PC compatiblecomputer. A buttorbox interfacedwith the parallel
port of the computer was used to recpatiticipaits’ responsesTwo buttons
were arrangedvertically onthe box with removable labels (“Animal” and
“Tree”) positionedimmediately abovehe buttons. The stimulus displays
were white and red onldack background. Theisplays containethreewhite
unfilled boxes arranged horizontally, subtending visual anglesdby 1.3°.
The inner sides ofthe two peripheraboxeswere located 4.9°from central
fixation. The category namesNIMAL and TREEserved as the prim&ords
for the valid and invdid conditions. A string ofiive Xs served as the prime
stimulus forthe neutrakcondition. Thetarget stimuliconsisted ofthe words
horse lion, cat, dog elm oak pine andmaple Prime stimuliwere printed in
uppercaseandtarget stimuliwere printed in lowercas&oth in awhite san
sarif font. Letters subtended amerage 0f48 by .38degrees ofiisual angle
at a viewing distance of 60 cm.

Trials were of three typescorresponding tdhree semantic priming
conditions: (a) the valid condition, in which the target word was preceded by a
prime word naming itscategory (e.g.,ANIMAL-dog); (b) the invalid
condition, in which the target word was preceded by a prime word naming the
other category (e.gTREE -dog); and (cxhe neutral conditionin which the
target word wagpreceded by a primstimulus offive Xs (e.g., XXXXX -
dog). There were 24 practice trialsd 96 testrials. One-third ofthe trials (8
practice trials, 32 test trialg)ere from the autral conditionOf the remaining
trials, 75% (12 practice trials, 48 test trialgdre from the valid condition, and
25% (4 practice trials, 1@est trials)werefrom the invdid condition.For the
valid andinvalid conditions, the prime word was ANIMAtor half the trials
and TREE for the remainirtgals. The eightargetwordswereused arequal
number of times within each of the three semantic priming conditions.

Procedure. To ensure hat all paticipants (particularly AD patients)
were familiar with the target words, participants were asked to categorize aloud
each of the eightvords as aranimal or asa tree. All participants correctly
categorized the words.

The experimenter explained thask to pdicipants using adrawn
represerdtion of thestimulus evets. Participantswere instructed that on
those trials inwhich acategory word preceded the targetrd, “most of the
time, but notall of the time,” the target word would comiom the named
category. Participantaere told to categorize the targetord as quickly as
possible while avoiding errors.

A trial proceeded agollows (seeFigure 1). A fixation cross was
presented in the center of the scraetil the experimenter initiatetie trial by
pressing &ey on the keyboard. Three horizontayl-arrangedwhite boxes
replaced the fixation cross aremained orthe screenfor the duration of the
trial. After 1000ms, thecenterbox changed to reénd theprime stimulus
(ANIMAL, TREE, or XXXXX) appeared in théox for 300 ms.The three
boxes reverted to whiter 200 msafter which the centebox changed to red
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for 300 ms, to ensure attention wasintainedat the center locatiorlVith an
SOA of 950 mdetween therime stimulus andthe targetword, the target
word was subsequently presented in eithetdfieor theright peripheral box,
and remained on tleereen untithe participantespondedThe target was an
exemplar of one of the tweategoriesand theparticipantclassifiedthe target
word by pushingthe correspondindabeled litton onthe buton box. The
assignmenbf responseso buttonswas counterbalanceatross participants.
Trials from the threepriming conditions(valid, invalid, and neutral)were
intermixed and presented in randorder. The targetwords ineach semantic
priming conditionwere presented on hathe trials in thdeft peripheral box
and on half the trials in the right peripheral box. Participants rested one thumb
onthe top button and the other thumb onthe bottom button of the button box
throughout testing.

Until experimenter
initiated trial

300 ms

Time
200 ms ISI

150 ms ISl

Until
Response

Figure 1. Sequence advents forthe semantipriming task inExperiment 1.
Note that the prime stimulus (ANIMAL, TREE, &XXXX) waspresented in
the center box, and the targgimulus (horselion, cat,dog, elm, oak, pine, or
maple) was presented ireither theleft or theright peripheralbox. Stimuli
were presented inwhite against ablack background.The spatial cue,
represented bg bdded boxhere,was achange in theolor of thebox from
white to red. Stimuli were presented in one ofhree semantic priming
conditions: valid (the target word was exemplar of the category named by
the primeword), invdid (the target word was an exemplar of the other
unnamed category), or neutral (the prstinulus was aow of Xs). Displays
are not presented to scale.
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Data Analysis.A systematic linear refmnshipis oftenfound between
the responselatencies ofyounger adults, older adults, and AD patients
(Madden, in press; Nebes &Brady, 1992; Nebes & Mddn, 1988;
Salthouse, 1985). Across a varietycofynitivetasks, oldeladults’ mean RTs
and AD patient'smeanRTs are roughly amultiplicative factor of younger
adults’ meanRTs. This factor is appgoximately 1.50 forolder adultgCerella,
1985; Lima, Hale, &yerson, 1991 Myerson,Ferraro,Hale, & Lima, 1992)
and2.25 for AD patients (Madden\Velsh-Bohmer, &Tupler, 1999; Nebes
& Brady, 1992).As a result of this monotonielationship,older adults and
AD patients may produce larger condition effects thaunger adults
independent of thenfluence of the particularcognitive process under
investigation. As Faust and Balota (2000) have demonstrated,group
differences in general processing speednay exaggeratesome group
interadions but obsare othersRT transformationshave beendeveloped to
take into account the contribution gfoup differences in badi@e processing
speed(Faust,Balota, ieler, & Ferraro,1999; Madden, ipress). One such
transformation scalesachindividual's conditioneffects as groportion of
his orher laseline RT. Thdransformedscoresidentify task-specificgroup
differences that are independent of baseline RT differences.

We used the following transformation to calculate semantic benefits and
costs in the RT performance of each participant, using their median RTSs:

Semantic Benefit = (Neutral RT — Valid RT)/Neutral RT x 100
Semantic Cost = (Invalid RT — Neutral RT)/Neutral RT x 100

Using these percentaghange scores, weere relativelyconfidentthat
any observedyroup differences in patins of semanticbenefits andcosts
resulted fromattentional differences rathethan generalRT differences.
Untransformedmedian RTs were analyzedonly when comparisonswere
limited to differences between priming conditions within a group; all
comparisons between groups were made with transformed RT scores.

RESULTS

Participants were eliminated from the data analysis if their mean RT was
greater tha000ms, if a mearpercentage changeorewas more than 2.5
SDs above or below thgroup mean, af their percentagerrorswere greater
than 33%. Two AD patientswere eliminatedrom the dataanalysesbecause
of mean RTs greater than4000 ms.Two additional AD patientswere
eliminated because of oudlr percentage change RStores. None of the
younger orolder adults had outlier RT or errscores based othe above
criteria.

RTs. Table 2 presentsmeans ofmedianRTs andmean percentage
errors as dunction of semanticpriming condition.Figure 2 presents the
derived begfits andcosts agepresentedy percentage changgores. As
depicted in the figurethe RT performance o#éll three groups reflected
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semantic berfegs of valid primes, bubnly the youngeradults’ performance
reflected semanticosts of mvalid primes. Percentage changscoreswere
submitted to a 3 X mixed analysis ofvariance (ANOVA), with group
(younger adults, older adults, and AD patients) as the between-subjects
variable and semanticpriming effects (benefits andosts) asthe within-
subjects variable. The semantic priming effect was signifiEéht,37) = 9.77,

p < .01, indicating that semantic benefitgere larger in magnitude than
semantic costs when averaged across groups. In addition, theré&n@sgoax
Semantic Priming Effect interactiof(2, 37) = 3.23p < .05.

Table 2. Mean RTs (ms) and Errors (%) as a Function of Semantic Priming
Condition in Experiment 1.

Semantic priming condition

VALID NEUTRAL INVALID

Younger adultsq = 15)

M RT 566 593 622

(SD) (70) (53) (59)

M errors 3.8 3.5 5.

(SD) (3.6) 3.9 (7.0)
Older adultsif = 14)

M RT 700 754 765

(SD) (60) (64) (83)

M errors 0.6 1.3 1.3

(SD) (1.3) (2.2) (2.7)
AD patients = 11)

M RT 1088 1182 1163

(SD) (316) (354) (360)

M errors 4.9 51 10.8

(SD) (6.1) 4.7) (7.4)

Note. RT = reaction time

To explore thenteraction,effects of semanticpriming conditionwere
examinedwithin eachgroup, using untrasformel RTs. Condition effects
were significant inall threegroups: youngeadults,F(2, 28) = 16.02,p <
.0001; older adults,F(2, 26) =11.26,p < .001; and ADpatients,F(2, 20) =
7.25,p < .01. For youngeadults,LSD t testsindicated that validRTs were
significantly faster thanneutral RTs, which inturn were sigificantly faster
than invalid RTs, reflecting semanbenefits andsemantic costsespectively.
For both older adults and AD patienta)id RTs weresignificantly fasterthan
neutral RTs, but neutrdRTs did not differ from invalid RTs, reflecting
semantic benefits but not semantic costs, respectively.
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4 1 Benefits
2 Il Costs

/.

Percentage Change Score

Younger Older AD
Adults Adults Patients

Figure 2. Semantic benefitand semanticcosts asepresentedby percentage
changescores inExperiment 1. Semantic benefitgere calculatecbn each
participant’s median RTs using the formula (Neutral RVakd RT)/Neutral
RT * 100. Semanticcostswere calculatedising the formula(Invalid RT —
Neutral RT)/Neutral RT * 100.

Errors. Percentagerrorswere submitted to a&roup (youngeradults,
older adults,and AD patientsx SemanticPriming Condition(valid, neutral,
andinvalid) mixed ANOVA. Therewere maineffects of groupF(2, 37) =
8.49,p <.001, andsemantigpriming condition,F(2, 74) = 6.77,p < .01, as
well as a Group x Semantic Priming Conditiateraction,F(4, 74) =2.40,p
< .05. LSDt testsindicated thatboth AD patients andyounger adults
committedmore errors han olderadults,andinvalid errorswere greater than
neutral and vati errors,ps < .05. Toexplore theinteraction, eor patterns
were examined separatelwithin eachgroup. Condition effects were not
significant for either younger adults(2, 28) =1.15,p > .30, orolder adults,
F(2, 26) = 0.55p > .50. Incontrast, the effect afemantigoriming condition
for AD patients,F(2, 20) =5.03,p < .05, was characterized bygher error
rates in the invalid condition than in either the neutral or valid conditions.

DISCUSSION

The semanticpriming performance of older adults and AD patients
differed from that of younger adults patterns of benefits armbsts. With an
RT analysis.all three groups exhibited benefs of a valid prime, but only
younger adults exhibitedosts of annvalid pime. TheseRT resultssuggest
that automatic processek semanticactivationremainedrelatively stal# with
both aging andAD, as reflected in intacbenefits, but controlled attention-
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dependent processes necessary for forre@mgantic expectanciegere either
compromisedr lessthan fully uilized with aging andwith AD, asreflected
in reduced costs.

The absencef semanticcostswas anticipated ithe performance of
AD patients, but not in the performance of older adults. The lack of significant
costs suggestsompromiseddevelopment of antrolled attention-dependent
expectanciesvith normal aging, whictstands in con#ist to thefindings of
other studies thafound age constancies in patterns absts and benefits
(Burke etal., 1987; Chiarello etal., 1985). The discrepancy irfindings may
be due to differencesetweenstudies intask requirementd?ast studies did
nat requiresemanticprocessing othe targetword, but nsteadusedlexical
decision or word namingtasks. In contrast, this experiment used a
categorization taskyhich required participantto accesgheir knowledge of
semantic attributes of targetords. The heavier emphasis onsemantic
processingmay have revealedage-related defits in expectancy-dependent
performance notrevealed withtasks requiring only lexical processing.
However, Milberg et al. (1995) used a lexical decision task andalsal no
semantic costs in the priming performance of older adults.

Another possible explanationfor the age-related change semantic
costs was that older adults were able to developattention-dependent
expectanciesor related targets, Ibuhey chose not to use aanticipation
strategy. Older adis tend torespondmore cautiously tan youngeradults,
preferring accuracyover speed. Cautiousnessas reflected inthe lower
overall error rates for older adults compai@gtounger adulter AD patients.
If older adults thought thainticipatingthe target wordased orthe semantic
content of the prime word would increaserors inthe invalid condition
(perhaps due toifficulties with disengagement), they mdnave chosen to
ignore, to theextentpossible, the qedictability attributes of the primeord,
and respondebdasedfully on the targetword. If this were true, it igpossible
that under circumstances thancouraged a riskiestrategy, there would be
evidence ofexpectancydevelopment in thelder groups.Younger adults, on
the otherhand,perhapsmore comfortable in their abily to disengage from
their expectancies when necessary, chose to attend tatil@edthe predictive
information contained in the primes.

As expectedfor younger adlts andolder adults, erro ratesdid not
differ across the thresemantigoriming conditions. ADpatients, orthe other
hand, committednore errors inthe nvalid condition thanin the neutral or
valid conditions. ThéRT datawere consistent witthe interpretation that AD
patients did not form controlleattention-dependemxpectanciesyhereas the
error data supported the conctrsithat ADpatients formeaxpectancies for
related targets but had ddfilty disengaging thesexpectanciesvhenprimes
proved to be invalidTo further explorethis discrepancybetween RT and
error patterns, we examined the relationship between RT costs andostor
Although there was neorrelation betweenRT costsand errorcosts for
younger adults, = .02,p > .20, or for older adults,= -.07,p > .20, there was
a positive correlation for AD patients= .70, p < .02. Thissuggests that AD
patients who exhibited RT costs also exhibited ecomts. Anexamination of
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individual scoresrevealedthat only three AD patients had Rdosts of any
magnitudeand these three AD patientgere also the only patients tohave
notably high error costs (over 10%).

As a furthe test of whethethis subgroup of ADpatientsdeveloped
attentional expectancies, we compared their RTs for error witidheir RTs
for correct trials in the invalid condition. This analysis Wasted to the three
participants note@bovebecausesrrorswere too few (two otess) forother
participants. Error RT9| = 750 ms) were faster than correct RWs< 1545
ms), sugesting that on someidls, this subgrouprespondedquickly but
incorrectly based ontheir expectanciesand on othertrials, theytook the
additional time needed todisengageattention from their expectancies.
Expectancies for this group of AD patients were expressed both in RTs and in
errors, whereas expectancfes the younger dults were expressed only in
RTs. This pattern suggestsat expectancy formation AD patients, when it
occurs, is accompanied by difficulties with disengagement.

Error-relatedcosts forthe remaining AD participantaere similar to
those for younger dults (2.0% vs. 1.9%, respectively). Therefore, the
majority of AD patients failedto develop controlled attention-dependent
expectanges. Note hat the positivecorrelationbetween RTcostsand error
costs for AD participants argues against a speed-accuracy trade-ofbthat
be anticipated if semantic costs were being realized througrehigtsrather
thanslowedRTs. Ingead, the same ABubgroup thashowedevidence of
semantic expectanciegirough longerlatencies also showed it through
increaseckrrors. Itis alsoworth nding that AD patients’ MMSE scores (a
measure ofdementia severity) did not correlatgth semantic costs as
measured by either RT scores; -.12, or error scores= -.27.

EXPERIMENT 2

In Experiment 1, the observed patterns of benefitscasts insemantic
priming performancevere consistenvith the hymtheses that (adutomatic
semanticactivationprocessesre preservedvith both aging and AQintact
benefits),and (b) contolled attention-dependent expectanmypcesses are
impaired with agingand AD (reduceatosts). Agoal of Experiment 2 was to
replicate the pattern of semantic priming effects observed in Experiment 1.

A second gal of Experiment 2 wago explore age-and AD-related
changes in spatial attentionStudieshavefound unalteredpatternsof spatial
IOR in older adults(Faust & Balota, 1997; Hartley & Kieley, 1995), but
inconsistent patterns in AD patientsD patients demonstrate deficits in IOR
on discrimination tasks (Langley etal., 2001) but not ondetectiontasks
(Danckert etal., 1998; Faust &Balota, 1997; Langley etal.,, 2001). As a
result, because thepresent task required eategorizationresponse, we
predicted that both younger adults atder adults wouldlemonstrate normal
IOR paterns (slowerresponses to tgets presentect previously cued
locations than to targets presented at previously uncued locations), but that the
RT performance of AD patients would reflect diminished IOR.
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A third goal of Experiment 2 was to examine the interactimatween
semanticpriming effects and spatialing effects.The networks ofsemantic
attention and of spatial attention, when activated Isameous}, mightinteract
in such away as to revedkatures ofattentionalchange in older adults and
AD patients that would ndie observedvhen the attentionatetworkswere
activatedindividually. To examindoth semanticpriming effectsand spatial
IOR effectswithin the sametask, the semantigriming task ofExperiment 1
was modified. The dcation of theprime stimulus,which had remained
constant inExperiment 1 (always in the center box), neavied between the
left and the right peripheral boxes, so asdove as a spat cue aswell as a
semantic primelNext, the centebox was cued to direct attenticaway from
the peripheraprime, after which thetarget waspresenteckeither at the same
peripheral location awhich the primestimulus hadbeen presentefthe cued
location) or at the other peripheral location (thecuedlocation). At the same
time that the locations of the prina@d &rget stimuliwere varied taneasure
spatial IOReffects, the semanti@lationships othe primeand targt stimuli
were varied to measure semantic priming effects.

METHOD

Participants. Participants from Experiment 1 also completed
Experiment 2. An additional youngadult and aradditional AD patientwere
eliminated due to unacceptablyhigh errors inthe invalid condition(over
33%).

Stimuli. The equipmentand stimuliwere the same aghoseused in
Experiment 1. Participants completéd practicetrials and 192test trials. As
in Experiment 1, one-third of trials (20 practice trials, 64 test tredse from
the semantically-neutralondition (e.g., XXXXX - elm). Of the remaining
trials, 75% (30 practice trials, 96 téisals) were from thealid condition(e.g.,
TREE - elm), an@5% (10practicetrials, 32 testtrials) werefrom the invalid
condition (e.g., ANIMAL-elm). Within theéhree semantipriming conditions,
half the trialswere cued location trials (the targstimuluswas presented in
the same peripheral box as the prime stimulus) andneséfuncuedlocation
trials (the targestimuluswaspresented irthe other peripherdlox). In each
combination of semantipriming and spadil cuing conditions (e.g., valid
prime, cued location), prime and target stimuli were presented arequal
number of times in the left and right peripheral boxes.

Procedure. In contrast tothe procedure ofExperiment 1, theprime
stimulus inExperiment 2was presented(for 300 ms)in one of the two
peripheralboxesrather than in the centdrox (see Figure 3 fothe trial
sequence)The peripherabox in which the primestimulus was presented
turned red simultaneously with presentatiothefprime. Asn Experiment 1,
at the offset ofthe prime stimulus, the thrdmxesreturned towhite for 200
ms, and therthe centeibox turned to redor 300 ms.After the threeboxes
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returned to white for 150 ms, the targetrd was presentegither in the same
peripheralbox asthe prime stimulus (the cued location) or irthe other
peripheral box (the uncuddcation).Participantscategorized the target word
asquickly aspossible bypressingthe correspondingoutton onthe button

box. As inExperiment 1, participantaere instructed thabn thosetrials in
which a category word preceded the target word, “most of the time, but not all
of the time,” the target word would belong to the named category.

Until experimenter
initiated trial

1000 ms

\ 300 ms

Time
200 ms ISI

300 ms

150 ms ISl

Until
Response

Figure 3. Sequence aéventsfor the combinedsemantigoriming andspatial
cuing taskin Experiment 2. The primstimulus andhe targestimuluswere
presented ireither theleft or theright peripheralbox. In the spatially-cued
condition, the targeword waspresented inthe samebox asthe prime
stimulus. In the spatially-uncueatondition, the drget word wagpresented in
the other peripheral box. The spatiaé that followed the primstimulus was
alwayspresented irthe centebox. Stimuli were presented irwhite and red
against a blaclbackground.The identities of therime andtarget stimuli
depended orthe semanticpriming condition (valid, invalid, or neutral).
Displays are not presented to scale.

Data Analysis. For each participant, wealculatedsemanticbenefits
and costs ineach spatialcuing condition (cuedand uncud) using the
percentage change formulas of Experiment 1:

Semantic Benefit = (Neutral RT — Valid RT)/Neutral RT x 100
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Semantic Cost = (Invalid RT — Neutral RT)/Neutral RT x 100

Additionally, we calculated spatial I08tores ineach semantipriming
condition (valid, neutral, and invalid) using the percentage change formula:

Spatial IOR = (Cued RT — Uncued RT)/Uncued RT x 100

RESULTS

Table 3 presentsmeans ofmedian RTs andpercentageerrors as a
function of semanticpriming (valid, neutral,and invalid) and spatial cuing
(cued and uncued) conditionBigure 4 epicts percentage changgcores
representingsemantic benefits andsemantic costs atspatially cued and
uncued locationsFigure 5 @picts percentage changscoresrepresenting
spatiallOR effects in smantically-valid, neutraland invalid conditions. The
mean scores suggest that, similar to Experiment 1, the priming performance of
all three groups reflected semantic bendfasterRTs inthe valid condition
than in the neutralondition), but only youngeradults’ performanceeflected
semanticcosts (slower RTs irthe invdid condition thanin the neutral
condition). hterestingly, semanticosts for youngerdults were observed
only at the cued locatiomot at theuncuedlocation (Figure 4), suggesting an
interaction between semantic primiagd spatial cuing effectsr this group.
Additionally, spatial IOR effects (slowerRTs to targetspresented atued
locations than to targets presented at uncued locatreere) evident in the
performance ofall threegroups, althoughihe magnitude othis effect was
reduced in ADpatients(Figure5). Therealso appeared to be anteraction
betweenlOR effects andsemanticpriming conditionfor youngeradults, in
that spatialinhibition was greatewhen tagets were preceded by category
primes than when targets were preceded by nonword primes.

RTs. Semantic priming effects. Percentage changescores
representing benefits and costs were submittedBta @ x 2 mixed ANOVA
with group (youngeradults,older adults,and AD patiats) as thebetween-
subjects variable and semangriming effects(benefits andcosts)and spatial
cuing condition (cued and uncyeds the within-subjects vables. Only
semantic priming effectaere significant, F(1, 35) =5.61,p < .05, indicating
that benefits were greater than cobtswever, aranalysis othomogeneity of
variance indicated that,even with the RT transformation, thegroup
comparisons did noheetthe assumption ohomogeneity otvariancefor the
analysis of variancd;,, (3, 13) = 4.71p < .05. Thereforeas in Experiment 1,
we examined semantmriming effects separatelyithin eachgroup (Milberg
et al., 1995).

Semantic benefits and costs were examined within each gsig 2 x
2 repeated meages ANOVAs, with semanticpriming effects (benefits and
costs)and spatial cuing location (cued and uncued) as the within-subjects
variables. For younger adults, semantic bene®i® larger in magnitude than
semantic cost$;(1, 13) = 4.73p < .05.The Semantiériming Effectx Spatial
Location interaction approached significarfed,, 13) = 3.65p = .077.
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Figure 4. Semantic bnefits andsemanticcosts asepresented by
percentage change scores at the spatially-cued and uncued locations
in Experiment 2.
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Figure 5. Spatial inhibition of return (IOR) scores asrepresented by
percentage changeores ineach semantipriming condition(valid, invalid,
and neutral) in Experiment 2. Spatial IG€bres were calculated (Cued RT
— Uncued RT)/Uncued RT * 100.

Analyseswith untransformedRTs indicated thatfor targets presented at
spatially-cuedocations, the effect ademanticpriming condition, F(2, 26) =
17.54,p < .0001, wascharacterized byoth semantic bnefits (valid RT <
neutral RT) and semantic costs (invalid RT > neutral RT), as assessed by LSD
t tests. Incontrast,for tamgets presented at spatially-uncuedations, the
effect of semanticpriming condition, F(2, 26) = 11.60, p < .001, was
characterized by semantic benefits but not semantic costs.

For older adults, theresults ofthe 2 x 2 ANOVA indicated that
significant semantic priming effects were characterized by larger benefits than
costs,F(1, 13) =5.99,p <.05. Analyseswith untransformedRTs indicated
that the effects ofsemantic priming condition atboth the spatially-cued
location,F(2, 26) = 8.18p < .01, and the spatially-uncuémtation, F(2, 26) =
4.25,p < .05, were characterized by semantic bengfdabd RT <neutral RT)
but not semantic costs, as indicated by Lt $&sts.
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Table 3.Mean RTs (ms) and Errors (%) a$anction of Sematic Priming
Condition and Spatial Cuing Condition in Experiment 2

Semantic priming condition
VALID NEUTRAL INVALID
Cued location
Younger adults (n = 14)

MRT 636 663 689
(SD) a7 (60) (78)
M errors 3.1 2.0 5.4
(SD) 3.0) (2.6) (7.3)
Older adults (n = 14)
MRT 831 875 874
(SD) (89) (127) (110)
M errors 1.6 1.1 1.8
(SD) 2.3) (1.6) (3.9)
AD patients (n = 10)
MRT 1099 1143 1151
(SD) (322) (255) (396)
M errors 8.3 4.7 11.3
(SD) (6.7) (6.3) (14.1)

Semantic priming condition
VALID NEUTRAL INVALID
Uncued location
Younger adults (n = 14)

MRT 541 585 588
(SD) (89) (67) (69)
M errors 3.1 1.8 4.5
(SD) 2.7 2.4) (7.9)
Older adults (n = 14)
MRT 723 758 761
(SD) (102) (105) (126)
M errors 0.9 1.3 4.9
(SD) (1.1) (2.0) 6.1)
AD patients (n = 10)
MRT 1037 1074 1056
(SD) (332) (293) (388)
M errors 7.9 53 9.4
(SD) (5.8) (5.5 (7.9)

Note. RT = reaction time
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For AD patients, the 2 x ANOVA revealedthat semantic begfits did
not differ in magnitudefrom semantic costd;(1, 9) = 0.78,p > .40. Spatial
location effects were also unrelialf€1, 9) = 0.28p > .60, and therevas no
Semantic Priming Effect x Spatial Location interactiefi,, 9) = 0.03p > .80.
Analysiswith untransformedRTs demonstrated thahe effectsof semantic
priming conditionwere notsignificant at eiter the spatially-cuedocation,
F(2, 18) = 0.47p > .60,0r thespatially-uncuedocation,F(2, 18) =0.36,p >
.70. In othermwords, therevere nosignificant differencebetweenRTs in the
semantically-valid, neutragnd nvalid conditions(no costs otbenefits) for
AD patients.

Spatial IOR effects To examine spatiallOR effects, percentage
changescoresrepresentingOR effects were submitted to a 3 x 3 mixed
ANOVA with group (youngeradults, older adults,and AD patients) as the
betveensulects variableand semantigoriming condition(valid, neutral, and
invalid) as thewithin-subjectsvariable. For this analysis, theassumption of
homogeneity ofvariancewas nad rejectedF, (3, 13) =1.29,p > .05. There
was a marginakffect of group,F(2, 35) = 2.61, p = .087;LSD t tests
indicated thaboth younger adultand older adults had significantiyreater
IOR scores than Alpatientsps < .05, butyounger adultsand older adults
hadIOR scoressimilar in magnitude. The main effect of semantic priming
condition was noteliable, F(2, 70) = 0.78, p > .40, indicating hat the
magnitude of spatiallOR scores did notliffer reliably acrossthe three
semantic priming conditions. There was no Group x SemantidPriming
Condition interaction=(4, 70) = 0.66p > .60.

Errors. Errors were submitted to a Group (youngdults,older adults,
and AD patients) x Semantic Priming Conditigalid, neutral,andinvalid) x
Location (cued and unad) mixed ANOVA. There were maineffects of
group,F(2, 35) =9.16,p < .001, andsemantigoriming condition, F(2, 70) =
9.76,p < .001. AD patientscommitted gynificantly more errors than did
either older aduls or youngewrdults,and errorswere sigificantly greater in
the inwalid condition than in the valior neutral conditions, as indicated by
LSDt tests. None of the interactions were significant.

DISCUSSION

Patterns of semantic priming Experiment dargely replicatedthose of
Experiment 1.Both semantic benest (facilitated categorizationwith valid
primes) andsemanticcosts(slowedcategorizatiorwith invalid primes) were
evident in the RT performance of younger adults, at least at the spatially-cued
location, whereas bnefits without costs characterized theerformance of
older adults at both spatialcations. Although beffigs in the performance of
AD patients were of similanagnitude ashose ofthe other twagroups,they
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were notstatistically reliable, nor were costs, at either spatial location. The
pattern of semantipriming effects associategith aging andAD supported
the conclusions oExperiment 1. Thause of catrolled attention-dependent
expectancies idess likely to occur in older adts and AD patients.
Examination of the error data reveal@dher error ratefor AD patients than
for the other twogroups, and theserrors were primarily associatedwith
invalid primes.

Although the neutral condition is essenfiaf distinguishingsemantic
costs fromsemantic benefits, we recognize the idlifties in interpreting
semantic priming effects hat can arise from possible non-neutral
characteristics of the neutrebndition. The neutralcondition inthe present
experiments waseutral in thesense that it did notonvey semantic
information, but as luserved by otheresearchers (Balota el., 1992; De
Groot etal., 1982; Jonides &Mack, 1984), Xs can produce interference
effects of their own (but see Neely, 1977). In the present experiments, Xs may
have elicited additional processingbecausethey were the only non-words
among the stimuli.If so, this non-semanticslowing would lead to
underestimation ofemanticcostsand overestimation ofemantic bnefits.
Furthermore, if older adultsnd AD patientexperienced greater interference
effects thanyoungeradults,this would compromisethe ability touseneutral
primes to assess age- and AD-related changes in cost scores.

Studies have circumvented the meneutrality issue by directly
comparing valid and inlid conditions(e.g.,Albert & Milberg, 1989; Nebes,
Brady, & Huff, 1989). As goosthoc analysis, werecalculated the semantic
priming effects in Experiments 1 and 2 using the fornfimealid RT —Valid
RT)/Valid RT x 100. InExperiment 1, semantgriming effects as measured
without reference to the neutral conditiware reflected inthe performance of
all three groups (10.6%, 9.3%nd 6.4% for youngeadults,older adults, and
AD patients, respectivelyls > 2.5ps < .02, and the magnitude of the priming
effects did not differ significantly between group&?, 37) = 0.81p > .40. In
Experiment 2, wefound semantic priming effects that did not differ
significantly in magnitude in the performance yafunger aduf and older
adults (8.3% and.7%,respectively)ts(13) > 3,ps < .05. Priming effects in
the performance of AD patien{8.6%) were nbsignificant,t(9) < 1,p > .40.
Thus, disregarding the neut@ndition, there was nevidence ofage-related
changes in semanticpriming effects, but there wasvidence ofAD-related
reductions in priming effects in Experiment 2.

Turning tomatters of spatiattention,reliable patterns of spatial IOR
(slowerresponses to targepsesented gbreviously attendetbcations)were
observed in the performance af threegroups.However,IOR effects were
reduced in magnitud®r AD patients.This finding is cosistentwith the
hypothesis that IORatterns in AD patientare impaired on discrimination
tasks(Langley etal., 2001) butare intacton detectiontasks(Danckert etal.,
1998; Faust & Balota, 1997; Langleyadt 2001). Aparallelpattern isfound
with disengagement of spatiattention: AD patients exhibit difficultieswith
disengagement on discrimination tasks (Oken el 3@4; Parasuraman &,
1992) but not ordetectiontasks (Faust &Balota,1997; Parasuraman el,
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1992; Wright etal., 1994). Taken togetherthe evidencesuggests thaiask
demandsinfluence the functioning of sptal attention inAD patients. A
slightly differentexplanationfor the AD-related reductions MOR effects is
that combining the gatial IOR task with the semanticpriming task led to
competition for limited attentionaesources. Whehoth semanticand spatial
agecst of attentionwere taxed,inhibitory mechanisms of spatial attention
were overly challenged in AD patients.

A point of interes regarding Experiment 2 concerns interactions
betweensemanticpriming and spatialOR. When all three groupswere
included in the analysis, weund nostatistical interactiofbetween semantic
priming and spatial IORyhich might lead us teonclude thathe attentional
processesnvolved in these effectavere independent of one another (see
Fuentes etl, 1999a; and Posner, lof, Friedrich, & Cohen, 1987for a
different view). However, asFuentes etal. (1999a) pointed out, if the
attentional mechanisms involved in spatial orientation and senpaiotessing
interactwith one other,one should &pectsuch aninteractiononly in those
participans in which rormal functioning of the aforementioned mechanisms
could be exhibited (which, in the present study, would bed@ger adults).
Evidence thathe processesvolved insemantigpriming and spatialOR in
younger adultdnteracted in the preserdtudy was a marginal Semantic
Priming Effect x Spatial Location interactioioungeradults’ responsémes
reflected semanticcosts in spally-cued locations but not in uncued
locations. In othemwvords, theprocessesnvolved in biasing attention to
explore new (urtued) spatial lcgtions fostered shiftingattention to
semantically-invalid targetsand thereforesemantic costs were reduced
compared towhen semantically-invalidargets were presented toalready
explored (cued) locations. Additionally, examinthg spatial IOR effect more
closely in youngeradults, wenoted that itwas greater in magnitudehen
target words were preceded by primevords (semantically-valid orinvalid)
than when targetsvordswere preceded by prim@&on-words(Xs), although
the differencavasonly marginally significant,t(13) =2.06,p = .078.When
attention to smanticinformation wasnvolved (semantically-valicandinvalid
trials), orienting attention to the inhibitedcued) spaél locationtook longer
(larger IOR effects) thanwhen attention to semantiaoformation was not
involved (neutratrials). Theseresults suggest that, latast inyoungeradults,
the mechanisms that cootrattention to semantimformation andto spatial
locations interact.

GENERAL DISCUSSION

Peoplefrequently,and sometimes simultanesly, attend tosemantic
and spatial cues the environment. Theesults ofthe present experiments
suggest thatboth older adults and ADpatients experience a&hges in
attention-dependent semanpimcessing, in terms @ reduced likelihood of
forming contolled expectancier semanticinformation. In Experiments 1
and 2, youngemdults’ performancereflected both semantic bnefits and
semanticcosts ofattending to primewords tha predictedthe categorical
membership of subsequently-presented words. In contrast, the performance of
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older adultsand AD patientsreflectedonly semantic benefits, not semantic
costs.This patternsuggests thaautomaticactivation processes ofemantic
priming were operative wittaging andAD, but older adults and AD patients
did not form attention-dependergemantic expectancider reguarly-paired
words.

As discussedearlier, the finding of no semantic costs in the
performance of olderdalts contrastwith previousstudies thahave found
little impact ofaging on theability to form attention-dependergxpectancies
(Burke etal., 1987; Chiarello etal., 1985).However,there issomeevidence
that older adults do not perform priminigsks in amanner consistentith
expectancy formation (Balota etl., 1992; Milberg etal, 1995). The
discrepancy infindings may be related to the semantgrocessing
requirements othe priming tasks, or inay be related tthe nature of the
neutral conditions. Assuggested byhe secondary analysis th&tund age
constancies in priming effecthat weremeasuredwithout reference to the
neutral condition, theneutral condition inthe presentstudy may have
underestimed cost effectsin older adults. An interesting alternative
hypothesis is that older adutisuld form expectancie$or related targets, but
deliberately chose a strategy inwhich they ignored the predictability
information contained in the primes. Oldmrticipants mayavedecidedthat
responsedased orexpectancies woulgotentiallyincreaseerrors oninvalid
trials, therefore theysacrificed speedfor accuracy byforming responses
based uporthe appearance of the targather thanin anticipation of the
target. To summarize,although there wasclear evidencefor expectancy
development iryoungeradults, theevidenceagainstexpectancydevelopment
in older adults wadess clear. The presentesults could be alternatively
interpreted agvidence thata) older adultsverelessable toform cortrolled
expectancies(b) older adultswere able, buthose notto, form cortrolled
expectancies ilrder to maintainhigh accuracy; or(c) older adults formed
controlled expectancies, which wexlescured by the chosen neutral condition.
Only further researcwill distinguish betweenthese possibilitied-dowever, it
is important to note that there was mrwidencefor controled expectancy
formation in older adults, as there was for younger adults.

Although the above alternative interpretations also apply tqpafients’
semantic priming perfemance, the conclusion that controlled attention-
dependenexpectancy formation isnpaired in AD patientss in agreement
with findings from other studies(Albert & Milberg, 1989; Chenery edl.,
1994; Hartman,1991). It should beaioted, however, that sseparate set of
studieshaveused manipulations tencourage controlled attention-dependent
processing (long SOAgairwise primingand a higthrelatednesgroportion)
and haveactuallyfound increasesather thandecreases isemantic priming
effects in AD patients (seeview by Obe& Shenaut,1995). It isdifficult to
resolve the discrepancy between the two sefsidings because many of the
studies inwhich hyperpriming has beenfound did not include aneutral
condition, so it is unclear whethiire increasedemanticpriming effectswere
due to increased benefits or increased cbateeased bendad wouldsuggest
changes in automatic priming processeswhereas increasedosts would
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suggest changasore specific to controlled expectangsocessesAlthough

the Oberand Shenaut reviewoncludes, as we do, that controlled attention-
dependenexpectancyprocessexhangewith AD, it does sobased on an
opposite pattern of findings.

Surprisingly, asubgroup of ADpatients in Experiment 1 appeared to
have formed controlled attention-dependent etgpetes.This beingthe case,
they still exhibited deficits of semantic attention. Although their performance
was slowed in thenvalid condition, consistanwith the formation of
expectancies that rlered performancehen the prime wasvalid, their
performance also becanhess accurate. Theerrorswere consistent with an
inability to disengageattentionfrom the expectancy iorder toattend to the
presentedarget, similar to spatialdisengagement difficuéts displayed on
spatial attention tasks (Oken et al., 1994; Parasuraman et al., 1992).

A spatial mechanisnin visual search, IOR, prevents attentidrom
returning to locationshtat have already beerexplored. This component of
spatial attention appears to be presemwed healthyaging butimpairedwith
AD, at least on more complex discriminatidasks. Taken together, the
present results indicate that semantic and spapaldaof attentionappear to
undergo different patterns of change with normal aging and with AD.

One popular framework of attention advanced by Posner and colleagues
(Posner, 1992; Posner at, 1987; Posnei& Petersen1990; Posner &
Raichle,1994),derivedfrom neurophysiological anbrain imagingevidence,
suggests thathe executive network (also called the anterior attention
network oversees control functions associated with selection of objects based
on physical and semantiedtures, whereas tlmeienting network(also called
the posterior attentionnetwork is associateavith seletion of objects based
on location. Theexecutiveand the denting networks seem to be part of a
common attentional system (Fuentes et al., 1999a; Posner et al.,A@870r
et al. (1987) proposed that undmrtaincircumstances thexecutivenetwork
overridesactivity of the orienting network. On the othleand, Fuentes et al.
(1999a) demonstrated that the orienting network interigitesacions of the
executive network. Importantly, in the present study, we observed interactions
between thewo attentionalnetworks going in both direction&xperiment 2
demonstrated thaat least inyoungeradults, semanticostsdecreasedvhen
targets were presented at uncued spatial locations compared to cued locations.
This points to an influence of tleeienting netvark on theexecutive network.

In addition, spatial IOR effectsere greaterfor semantically-validand invalid
targets tharfor neutraltargets. Thigpoints to aninfluence of theexecutive
network on the orienting networkuentes etl. (1999a) accountefibr the
complex interactios betweerthe two attentionahetworks in terms of task
priorities. When the executive task was more demaling on attentional
resources hian the spadi task, ittook precedenceConversely, when the
orienting task was more demanding on attenwources, it tookrecedence.
Finally, as obswed in the pres# study, whenattentionaldemandswere
similar in the two tasks, thevt attentionalnetworksmutually influenced one
another.
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In summary,these experimentsrgducedevidence consistent with (a)
age- andAD-related changes in thaese of conblled attention-dependent
expectanciesduring semantic priming perbrmance, and (b) AD-related
impairments of inhibition on a sg@ cuing task. Thispattern ofresults
suggests thatlder adults direcattention to semantimyformation differently
than youngeradults,although theyinhibit attention to spatidbcations in the
same manner agounger adultsAD patients appear texperience difficulty
with both semantic and g attentionalprocessingPatientswith AD either
failed to fully utilize theinformationprovided by semanticues, or failed to
efficiently disengagdrom the semantianformation when it proved to be
invalid. Furthemore, AD patientswere less likely than younger or older
adults to use spatial cugormation to directheir attentionrawayfrom spatial
locations. These findings, togetheith evidence that aspects s¢mantic and
spatialattention interact iryoungeradults, arecongruouswith an anatomical
framework thaproposeghat different but closly interconnectedrain areas
mediate attention to semantic and spatial information.

RESUMEN

Atencion a la informacion espacial y semantica en el
envejecimiento y la enfermedad de Alzheimer. Los efectos

atencionalegara lainformacion espacial y semantica sestudiaron en 2
experimentos ersujetos jovenespersonas mayores yacientescon la

enfermedad dé\lzheimer (EA). En el primer experimentatilizamos una
tarea depriming' semanticopara estudiacomo laedad y la EApueden

afectar a laatenciondirigida a la informacién semanticaEn el segundo

experimento modificamos ltarea paregue adicionalmentenos permitiera

medir la inhibicion deetorno(IR). La combinaciorde las tareas espacial y
semanticanos permitiomedir (a)cémo se veafectada laatencidndirigida a

sefialesespacialesasi como a lainformacién semantica&n las personas
mayores y pacientescon EA, y (b) las interacciones entrdas redes

involucradas en laatencion a lainformacion espacial ysemantica. Los
resultados dambos experientos mostrarodiferenciasentrelos grupos en
la tareasemanticasugiriendoque tanto laspersonas mayoresomo los

pacientes con EA tuvieron dificultadpara generaexpectativagiependientes
de la atencionpara los estimulosrelacionadossemanticamentel.os tres

grupos de sujetos mostrarefectos de IR en dtxperimento 2,aunque de
menor tamafio en ejrupo depacientescon EA. Los sujetosjovenes

mostraroninteracciones entréos efectos semanticos yespacialesEstos

resultadosnos permitenconcluir que (a) la selectividadvia estimulos
semanticos y sefales espaciales reflejaanismosatencionalesliferentes, y
(b) los aspectos seamticos yespaciales déa atencibnestanmediatizados
por redes neurales diferentes pero estrechamente interconectadas.

Palabras clave: Redesneuronalesatencionalesgeterioros de latencion,
envejecimiento, enfermedad de Alzheimer.
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